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ABS'T'RACT 

From May, 1978 until January, 1979, the Louisiana continental shelf benthic populations were sampled as part of 
a large Bureau of Land Management (BLM) Central Gulf of Mexico Petroleum Production Platform Study. A total of 
560, 8.0-cm2 cores for meiofauna, 840, 0.09-m2 Smith-McIntyre grabs for macroinfauna and 40, 9-m otter trawls for 
macroepifauna and demersal fish were collated in three separate cruises: Cruise I - May to June, 1978 ; Cruise II -Au-
gust to September, 1978 ; and Cruise III - January, 1979 . During each cruise four Primary Platforms and four Control 
Sites were sampled; during Cruise II, an additional 16 Secondary Platforms were sampled. 

A total of 1029 different taxa from 18 phyla were identified : 353 were meiofauna; 576 were macroinfauna, and 
284 were macroepifauna and demersal fish; 172 taxa were common to more than one group. Meiofaunal species diver-
sity was higher at the Primary Platforms than at the Controls during Cruises I and II and the reverse was true during 
Cruise III. Species diversity for macroinfauna and for macroepifauna and demersal fish was higher at the Primary 
Platforms than at the Control Sites during all cruises. Three meiofaunal Taxa Group Associations consisting of similar 
species and site preferences over all three cruises were identified and correlated with distance from shore, depth, salin-
ity, dissolved oxygen, temperature, and presence of hypoxic bottom conditions . Four macroinfaunal Tasa Group As-
sociations were identified and correlated with distance from shore, depth, salinity, temperature, percent sand, percent 
silt, total organic carbon and presence of hypoxic bottom conditions . Only two macroepifaunal and demersal fish 
Taxa Group Associations were defined; these were correlated with distance from shore, depth, and presence of hypoxic 
bottom conditions. 

The benthic fauna of the Louisiana continental shelf is stressed over much of the area as a result of natural envi-
ronmental perturbations, namely flooding by the Mississippi River once every 3 .6 years and the almost yearly occur-
rence of a tropical cyclones It is affected locally by petroleum production activities, as is indicated by sub-lethal chronic 
levels of hydrocarbons and trace metals . 

xi 



I. INTRODUCTION 

A. Purpose 
This BLM Ecological Investigations of Petroleum 

Production Platforms in the Central Gulf of Mexico 
was a study of the long-term fate and effects of pollut-
ants associated with or derived from offshore explora-
tion and production . The objective of the Benthic Anal-
ysis was to compare benthic communities in the immedi-
ate vicinity of platforms with those at control sites, with 
emphasis on selected indicators . This information is to 
be used in future monitoring or assessment of the effects 
of pollutants on benthic organisms (BLM, 1977) . 

B. Literature Survey 
Early biological, chemical, geological, and physical 

oceanographic investigations done in the Gulf of Mex-
ico have been adequately described by Pequegnat and 
Chace (1970), Capurro and Reid (1972), and Rezak and 
Henry (1972) . These authors have contributed much to 
the knowledge of the biological, geological, geophysi-
cal, and physical processes in the Gulf of Mexico. 

The extensive bibliography of Geyer (1950) provided 
annotations to references on oceanography, marine bio-
logy, geology, geophysics, and meteorology of the Gulf . 

Galtsoff (1954) produced the first comprehensive 
compendium of oceanographic knowledge of the Gulf 
of Mexico . History, geology, meteorology, physical and 
chemical oceanography, water pollution, plant and ani-
mal communities, and major biological taxa were dis-
cussed in detail . In addition, each section provided a 
fairly complete list of references . 

Baker and Beckert (1972) compiled a partial bibliog-
raphy describing the ecology and biology of the coastal 
areas of the Gulf of Mexico, with emphasis on the Loui-
siana coast . Saloman (1975) produced a selected bibliog-
raphy describing the Florida west coast nearshore envi-
ronment with references on ecological and coastal engi-
neering and a discussion of the major plant and animal 
taxa . 

Other comprehensive investigations of the Gulf of 
Mexico were the cooperative estuarine inventories, initi-
ated by the Gulf States Marine Fisheries Commission 
through its Estuarine Technical Fisheries Commission 
in cooperation with various state conservation agencies 
and the National Marine Fisheries Service at St . Peters-
burg, Florida and Galveston, Texas . As a result of these 
joint efforts, detailed background information on the 
coastal and estuarine areas of Florida (McNulty, Lin-
dall, and Sykes, 1972), Mississippi (Christmas, 1973), 
Alabama (Crance, 1971 ; Swingle, 1971), Louisiana 
(Barren, 1971 ; Perret, 1971 ; Perret et al ., '1971) and 
Texas (Diener, 1975) has been published . These invento-
ries present descriptions of area dimensions, vegetation, 
geology, stream discharge, oyster and clam beds, artifi-
cial fishing reefs, human populations, economic devel-
opment, pollution and dredging in the estuarine and 
coastal systems of these states . 

Another major compendium was that of the State 
University System of Florida Institute of Oceanography 
(SUSIO) (Austin, 1970 ; SUSIO, 1974) . It described the 
physical, chemical, geological, and biological environ-
ments, recreational and industrial resources, and envi-
ronmental quality of the eastern Gulf of Mexico . 

C . Previous Work 
For over 25 years the petroleum industry has been 

drilling and producing in the central Gulf off the coast 
of Louisiana (Sharp and Appan, 1978) . Growing energy 
needs have led to increased activity in this area, with ex-
pansion both east and west along the continental shelf 
of the Gulf of Mexico . Leasing of the outer continental 
shelf (OCS) areas for oil and gas exploration has led to 
questions about effects of exploration and production 
on the marine environment . The following studies are 
the most important of those which have attempted to 
assess the effects on benthic organisms and shelf 
communities . 

From 1972 to 1974 the Gulf Universities Research 
Consortium (GURC) studied the ecological impact of 
petroleum drilling and production in Timbalier Bay, 
Louisiana and southward offshore to about 30 m of 
water (Offshore Ecology Investigation-OEI) (GURC, 
n .d . ; Sharp and Tyson, 1974a,b ; Sharp and Appan, 
1978) . Meiofauna, macroinfauna, and demersal fish 
were included in this investigation (Farrell, 1974a,b, 
Fish et al ., 1974 ; George, 1974; Kritzler, 1974 ; Ostrom, 
1974 ; Perry, 1974 ; Thompson, 1974) . Then from 1978 
to 1979, the logic and rationale employed, the data pro-
duced, and conclusions drawn for the GURC OEI were 
evaluated by several environmentalists not involved in 
the original study (Bender et al ., 1979 ; Ward, Bender, 
and Reish, 1979) . The individual studies on meiofauna, 
macroinfauna, and demersal fish were reassessed (Far-
rell, 1979 ; Inabinet and Fish, 1979 ; Kritzler, 1979 ; Lewis 
and Fish, 1979 ; Ostrom, 1979 ; Thompson, 1979) . 

From 1976 to 1977 the National Marine Fisheries 
Service, Southeast Fisheries Center, Galveston, made an 
environmental assessment of the actively producing 
Buccaneer oil field and an adjacent unaltered area to 
identify changes associated with oil and gas exploration 
and production (Jackson, 1977) . Numbers and types of 
meiobenthic and macrobenthic organisms and demersal 
fishes and macro-crustaceans were evaluated during this 
study (Emiliani, Baxter, and Jackson, 1977 ; Harper, 
1977 ; Jackson, Baxter, and Caillouet, 1978) . This study 
was extended through 1979 (Jackson, 1979 ; Middle-
ditch, 1981) . 

As part of the BLM OCS investigations, a bench-
mark study was initiated in the South Atlantic Georgia 
Bight (Texas Instruments, Inc ., 1979) . In addition, two 
baseline studies were initiated in the Gulf of Mexico ; 
one described the area from the southern tip of Florida 
around to the Alabama-Mississippi continental shelf 
(MAFLA OCS Project) (SUSIO, 1975, 1977 ; Dames 
and Moore, 1979) and the other described the Texas 
coast from Port O'Connor to Port Isabel (South Texas 
OCS Project) (University of Texas Marine Science Insti-
tute, 1977, 1979) . 'the present investigation, which de-
scribes the fate and effects of petroleum producing plat-
forms in the central Gulf of Mexico off the coast of 
Louisiana (Central Gulf Platform Study), provides a 
comprehensive data base for the resource management 
of the OCS area of the Gulf of Mexico by BLM . 

D. Definitions 
Marine benthos has been classified and defined on 

the basis of size, environment occupied by a particular 



life cycle stage and/or habitat preference of the adult, 
or a combination of the above (Swedmark, 1964; Fenc-
hel, 1969 ; McIntyre, 1969 ; Hulings and Gray, 1971 ; 
Schlieper, 1972) . Benthos has been divided into macro-
benthos, which may be divided into megistobenthos and 
megabenthos (>2 mm), microbenthos, consisting of 
mixobenthos and meiobenthos (< 1 mm), nanobenthos 
(< 0.1 mm), and hypobenthos (< 0.01 mm) (Fenchel, 
1969 ; McIntyre, 1969; Gomoiu, 1971 ; Schlieper, 1972 ; 
Parker, 1975) . To minimize confusion, it is necessary to 
define the terminology used in this report . 

1. Meiofauna 
This group of organisms has been variously de-

scribed on the basis of habitat preference or size . The 
term interstitial fauna was first used by Nicholls (1935) 
to denote those organisms living in the interstitial waters 
of sand . Remane (1940) used the term mesopsammon to 
describe the same group of organisms and Zinn (1968) 
discussed the current terminology. Mare (1941) first 
used the term "meiobenthos." Gerlach (1972) states 
that at present "`microfauna', `meiofauna', or `meio-
benthos' and `interstitial fauna' are used as identical 
terms." 

Usually meiofauna are defined on the basis of 
size as determined by the mesh of the screen used to re-
move fine grained sediments . Upper size limit may vary 
from 0.5 mm to 1 .0 mm (Hulings and Gray, 1971) . Pres-
ently, the upper size limit is accepted as 0.5 mm (McIn-
tyre, 1964 ; Tietjen, 1969, 1971 ; Coull, 1970; McIntyre 
and Murison, 1973) . The lower limit has been variously 
defined . While the size category for meiofaunal differ-
entiation has a valid empirical basis, it has little biologi-
cal meaning (Fenchel, 1969 ; McIntyre, 1969) . 

Representatives of the meiofauna may be found 
in the following taxa : Foraminifera, Ciliata, Coelente-
rata, Turbellaria, Gnathostomulida, Rhynchocoela, 
Rotifera, Gastrotricha, Kinorhyncha, Priapulida, Ne-
matoda, Ectoprocta, Brachiopoda, Archiannelida, 
Polychaeta, Oligochaeta, Mollusca, Mystacocarida, Os-
tracoda, Copepods, Amphipoda, Isopoda, Tanaidacea, 
Cumacea, Palpigradida, Halacaridae, Tardigrada, 
Echinodermata, and Ascidiacea (Swedmark, 1964; Hul-
ings and Gray, 1971 ; Gerlach, 1972) . 

Meiofauna may be further classified as perma-
nent or temporary (McIntyre, 1969 ; Pequegnat, 1977) . 
Permanent meiofauna includes those species that are 
numerically more stable and which as adults are small 
enough to be considered meiofauna . Included as perma-
nent meiofauna are almost all Rotifers, Gastrotricha, 
Kinorhyncha, Nematoda, Archiannelida, Tardigrada, 
Harpacticoida, Ostracoda, Mystacocarida, and Halaca-
ridae ; many Ciliata and Foraminifera, Turbellaria, and 
Oligochaeta ; some Polychaeta ; and a few specialized 
members of the other taxa listed above (McIntyre, 
1969) . Temporary meiofauna is a numerically variable 
group which is composed of benthic macrofaunal juve-
niles that can be separated on the basis of size (McIn-
tyre, 1969; Pequegnat, 1977) . 

Pequegnat (1977) states that the Foraminifera 
were not included in his meiofaunal studies for several 
reasons, among which is the "difficulty of separating 
live from dead individuals ." Since Foraminifera are 
often either the most numerous group or second to ne-
matodes, they were included in this study . The problem 

of identifying live individuals was overcome by proper 
training of technicians and use of differential stains . 

For the purposes of this study, meiofauna were 
operationally defined as the fauna passed by a 500-p 
screen but retained on a 62-iA screen (BLM, 1977) . This 
grouping includes both permanent and temporary el-
ements . 

2. Macroinfauna 
This group of organisms includes the majority of 

metazoan phyla . It generally refers to organisms greater 
than 1 .0 mm in length (Ziegelmeier, 1972) and specif-
ically denotes those animals that live within the sedi-
ment . Often collected with and included within this 
group because of the sampling method used are many 
younger stages of the macroepifauna and demersal fish . 
As stated above, many of the juvenile stages of the mac-
roinfauna are considered as temporary meiofauna . For 
this study, macroinfauna refers to those organisms that 
have a size greater than 0.5 mm (500) (BLM, 1977) and 
actually live within the bottom sediments . 

3. Macroepifauna and Demersal Fish 
Macroepifauna refers to large invertebrates that 

live primarily upon the surface of the bottom and are 
collected in dredges or trawls . Most of the juvenile 
stages are collected with the macroinfauna group in 
cores and grabs or may form part of the facultative zoo-
plankton . This group includes some bivalves, gastro-
pods, and cephalopods ; some polychaetes (may be 
found associated with clumps of shell and other debris) ; 
most decapods and stomatopods ; some asteroides, echi-
noids, ophiuroids ; and other miscellaneous taxa that are 
accidentally caught . 

Demersal fish are those fish species that live 
and/or feed on the bottom . Some of these species may 
be caught in grabs because they live in burrows and at-
tempt to escape by retreating into the sediment . How-
ever, most demersal fish are collected by trawl or 
dredge . Some of the larger forms may escape the sam-
pling device and go undetected . In this study, the mac-
roepifauna and demersal fish include those inverte-
brates and vertebrates that were caught with the 9-m 
(30-ft) otter trawl . 

E. Project Organization 
Benthic Analysis, Work Group X, was under the di-

rect supervision of Dr . James H. Baker . Assisting him 
were Mr . W. David Jobe, Research Scientist ; Mrs . Jana 
B. Janousek, Research Scientist ; Ms . Cynthia L . How-
ard, Senior Technician ; and Ms . Patricia R . Chase, Se-
nior Technician . In addition there were a maximum of 
eight technicians engaged in the project at any one time 
(Fig . 1) . 

Outside subcontractors and consultants contracted 
at the beginning of the investigation were as follows : 

Foraminifera-Dr . Rosalie F . Maddocks, University 
of Houston ; 

Polychaeta-Dr . Donald E . Harper, Texas A&M 
University (TAMU) ; 

Nematoda-John H . Tietjen, City College of New 
York ; 

Molluscs-Dr . John W . Tunnell, Jr ., Corpus 
Christi State University ; 

Malacostraca-Dr . Wayne Price, University 
of Tampa; 



Harpacticoida-Dr . M. Susan Ivester, University of 
Alabama; 

Amphipoda-Dr . Larry D. McKinney, TAMU: 
Decapoda (Crustacea)-Dr . Darryl L . Felder, Uni-

versity of Southwestern Louisiana (USL) ; 
Echinodermata-Mr . Thomas C . Shirley, Louisiana 

State University (LSU); 
Pisces-Dr . H . Dickson Hoese, USL. 

As need arose, the following consultants were con-
tacted for species verification as indicated: 

Kinorhyncha-Dr . Robert P . Higgins, U.S . Na-
tional Museum of Natural History ; 

Oligochaeta-Dr . Michael S . Loden, LSU; 
Ectoprocta-Mr. Arthur J. J. Leuterman, TAMU . 

l. H. Baker 
Principal InvestiSator 

Benthic Analysis 

J.B . Janouuk 
Laboratory Supervisor 

J. H. Baker ).H . Baler W. D. Jobe Subcontract 
Scientist Scientist Scientist Foraminifera 

Meiofauna Macrointauna Macroepifauna& R . F. Maddoclcs 
Demersal Fish ~ Univ .of Houston 

C. L. Howard P. R. Chase 
Senior Technician Senior Technician Technician Subcontract 

Polychaeta 
Technician Technician D. E. Harper, Jr . 

Technician Technician -4 j Texas A&M Univ. I 

Technician Technician 

Technician Consultant Consultant 
Nematode Harpacticoida 

J. H . Tietjen M. S. Nester 
City College of N.Y . Univ . of Alabama 

Consultant Consultant 
Mollusca Echinodermata 

J. W. Tunnel], Jr . T. C. Shirley 
Texas A&M Univ . Louisiana State Univ . 

Consultant Consultant 
Malacostraca Decapoda 
W. K. Price D. L. Folder 

Univ . of Tampa Univ. of So . Louisiana 

Consultant Consultant 
Amphipoda Demersal Fish 

L. W. McKinney H. D. Hoese 
Texas A&M Univ . Univ . of So . Louisiana 

FIG. 1 . Organization chart for Work Group X: Benthic Analysis 
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II . METHODS AND MATERIALS 

A. Field Sampling 

1. Study Area and Sampling Cruises 
Samples for this program were collected at 20 

platforms and four control sites located on the Louisi-
ana OCS. These sites are contained in a roughly rectan-
gular area lying west of the Mississippi Delta and ex-
tending from 5 km (3 miles) to 120 km (75 miles) off-
shore and about 320 km (200 miles) west (Fig . 2) . 

Meiofauna, macroinfauna, macroepifauna and 
demersal fish were collected during three sampling 
cruises : Cruise I-May 20 to June 2, 1978 ; Cruise 11-
A-August 21 to September 5, II-B-August 21 to Sep-
tember 6, II-C-September 17 to 24 ; and Cruise III-
January 6 to 15, 1979 . 

Four Primary Platforms (hereafter denoted as 
Primary Sites P1-P4) and four Control Sites (C21-C24) 
were sampled during each cruise . During Cruise II, an 
additional 16 Secondary Platforms (hereafter denoted 
as Secondary Sites SS-S20) were sampled . Four tran-
sects, one along each compass heading, were established 
at each Primary Site, a north transect was established at 
each Secondary Site, and a single sampling station was 
established at each Control Site . Meiofauna and mac-
roinfauna were collected at distances of 500 and 2000 m 
from the platform along each transect and at each Con-
trol Site during each cruise . Macroepifauna and demer-
sal fish were trawled beginning at the N500 station (sta-
tion located along the north transect 500 m from the 
Primary or Secondary Site) at each Primary and Sec-
ondary Site and at each Control Site during each cruise . 

2. Sediment Sampling 

a . Smith-McIntyre Grab 
In this project the sampling device used to 

collect sediments for meiofauna and macroinfauna was 
a Kahlsico (No. 214WA250) stainless steel, modified 
Smith-McIntyre grab (Fig . 3) . The grab weighed ap-
proximately 87 kg and sampled an area of approxi-
mately 908.2 cmz (or 0.09 mz) to a depth of between 9 
and 16 cm. Depth of penetration varied with sediment 
type . Sediments in the area consisted of both sands and 
muds and varying combinations of the two sediment 
types . 

The grab was mounted on a sturdy, stainless 
steel frame, 75 cm square and 65 cm high, complete with 
two removable 9-kg lead weights . It was suspended 
from the lowering wire and had springs to force the two-
jaw bucket into the ocean bottom when released, 
achieving deeper penetration . Two tripping pads, posi-
tioned below the square-based frame on which the 
bucket was suspended, made contact with the bottom 
first and pushed upward to release two latches holding 
the spring-loaded bucket jaws . A free-fall from about 2 
m above the ocean floor was generally sufficient to 
allow sampling of even compacted bottoms . After the 
bucket had been driven into the sediment, raising of the 
wire exerted tension on cables connected to the end of 
each bucket jaw arm . Increased pull on the wire caused 
the jaws to pivot tightly shut . Externally mounted side-
and bottom-plates on the jaws pushed stones, gravel, 
etc ., away to prevent jamming . 

A removable frame, fitted with a 2.5-mm 
aperture brass screen, was attached at the top of each 
jaw . During the lowering operation, rubber flaps fas-
tened to the screen frames lifted to allow water to flow 
freely through the screens and minimize the shock wave 
which would have disturbed the surface layers of the 
sediment . The rubber flaps dropped to completely cover 
the brass screens during the retrieval operation and pre-
vented entrance of water which could have washed out 
trapped material . During Cruise III these rubber flaps 
had to be repaired several times . 

A 1-m long stainless steel cocking bar was 
furnished to provide easy cocking of the strong bucket 
springs . When released, the springs exerted a force in 
excess of 35 kg to insure good penetration of the open-
mouthed bucket into hard sediments . As part of the 
sampling procedure, safety pull-pins were used to pre-
vent any premature or accidental release of the cocked 
assembly . 

Prior to Cruise I the Smith-McIntyre grab 
was thoroughly washed with detergent and rinsed with 
seawater . The grab was cleaned during descent between 
successive bites to remove contaminants obtained from 
shipboard operations . To rinse excess mud from the 
grab while on the ship's deck, seawater pumped from 
below the surface was used . In this manner the degree of 
contamination from any shipboard activities was mini-
mized . It was understood that, because of the length of 
time oil exploration has been going on in the area, once 
the grab entered the water it may have become contami-
nated . Thus, a rinse using the water from the sampling 
area should not have affected the results . 

Major problems encountered with bottom 
samplers are as follows (Longhurst, 1959 ; Holme, 1964 ; 
Flannagan, 1970 ; Holme and McIntyre, 1971 ; Baker, 
Kimball, and Bedinger, 1977) : 

" Failure to penetrate uniformly in all sedi-
ment types-deeper penetration as sedi-
ments become finer 

" Inconsistent and/or unsatisfactory bite 
profile-bite will vary with sediment type 
and sampler 

" In soft sediments, loss of material from 
overflow as the sampler is raised to the sur-
face, a problem caused by incomplete clo-
sure of jaws 

" Build-up of a pressure wave as sampler is 
lowered, disturbing the surface and the at-
tendant organisms . 

The Smith-McIntyre grab was originally de-
signed to obtain samples of consistent volume from dif-
ferent bottom sediment types and sample satisfactorily 
under varying weather conditions (Smith and McIntyre, 
1954) . A major flaw in the design, recognized by Smith 
and McIntyre, was that the grab was heavy and difficult 
to handle in any but calm weather . 

Numerous studies have compared the Smith-
McIntyre grab and other bottom sampling devices (Bee-
ton, Carr, and Hiltunen, 1965 ; Gallardo, 1965 ; Powers 
and Robertson, 1967 ; Smith and Howard, 1972 ; 
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Dickinson and Carey, 1975 ; Word, Kauwling, and 
Mearns, 1976 ; Tyler and Shackley, 1978) . The Smith-
McIntyre grab was found to be comparable to the other 
samplers, but was not rated as the best . Word et al . 
(1976) stated that the Smith-McIntyre was acceptable or 
marginally acceptable after comparison with a modified 
Reineck Box Corer, two Van Veens, a Shipek, a Ponar, 
and an Orange Peel sampler . 

Smith and Howard (1972) found the Smith-
McIntyre to have an average penetration of 12 cm, with 
a resultant volume of 7,200 cm3 . Gallardo (1965) found 
that the bite of the Smith-McIntyre grab was highly af-
fected by the substratum consistency and its bite profile 
was not a reflection of its closing mechanism . The grab 
dug deeper in the middle of the area sampled in soft sed-
iments and cut less deeply but more rectangularly in 
firmer sediments . Any fluctuation in the depth of grab 
penetration affects the quantity of infauna obtained 
(Christie, 1975) . 

Special design of the Smith-McIntyre grab by 
Kahlsico, i .e ., use of externally mounted side- and 

bottom-plates on the jaws, minimized the possi-
bility of material being lost from overflow when 
used in any type of sediment . A brass screen fitted 
with a rubber flap and attached to the top of each 
jaw reduced the pressure wave and helped to pre-
vent overflow . 

The Smith-McIntyre grab used in this 
study was also used by the University of Texas 
Marine Science Institute during the South Texas 
OCS Project . However, a box-corer was used in 
the MAFLA OC;S Project . The Smith-McIntyre 
grab was chosen, after consultation with BLM 
representatives, because it was used on the South 
Texas OCS Project and would therefore provide 
comparable samples . Cored subsamples could 
consistently be taken to sufficient depths to be ac-
ceptable or marginally acceptable by Word et al . 
(1976) . Any comparisons between the Central 
Gulf Platform Study and MAFLA OCS Project 
must consider that different sampling devices 
were used . 

FIG . 3 . Diagram of Smith-McIntyre Grab in unloaded position illustrating the component parts 
(Reproduced from Smith and McIntyre, 1954) 



b. Coring Device 
For meiofaunal analysis five cores were col-

lected from the first four grabs using a core tube of 
LexanO 3.2 cm in diameter and 15 cm long . Bureau of 
Land Management (1977) had specified a core tube with 
an inside diameter (i .d .) of 3.81 cm, which equals an 
area of 11 .40 cmz. However, only core tubes with an i.d . 
of 3.2 cm, providing an area of 8.0 cmz, were available. 
Since no sample size was specified by BLM, and four of 
the five cores collected were to be used for data analysis, 
the difference in area was not considered a problem . A 
line was etched on the core tube at a depth of 5 cm so 
that an exact amount of sediment would be extracted . 

In this study a coring device, rather than a 
scoop or other subsampler, was used since it provides 
for accurate quantitative samples (Longhurst, 1959; 
Brinkhurst, Chua, and Batoosingh, 1969 ; Holme and 
McIntyre, 1971 ; Baker et al ., 1977 ; Downing, 1979) . 
The coring device samples a constant surface area and 
constant volume and supplies an exact profile of the 
sedimentary column being sampled . 

The core tube was easily introduced into the 
sediment and removed by a slight tilting of the tube . 
Then the core was extracted . Generally the core of sedi-
ment fell by force of gravity from the tube to the collect-
ing jar . In hard compact sediments the core was ex-
tracted using a plexiglass plunger . The cores provided 
accurate subsamples of the grab from which they were 
removed . 

3 . Trawl Sampling 
Trawl samples were obtained using a 9-m (30-ft) 

otter trawl of 2.5-cm stretched mesh . Trawl boards 
fitted with a "shoe," i .e ., a steel strip running along the 
leading and bottom edge, measured 0.61 m (height) by 
1 .22 m (length) . These boards, shackled to a 27.4-m bri-
dle and towed by a 9.5-mm steel cable kept the trawl 
mouth open . 

Two complete sets of the sampling gear, in work-
ing order, along with additional nets were available on 
shipboard in case of loss or malfunction . The trawl nets 
were not coated with tar or plastic but built of virgin 
nylon, thoroughly washed, and packed in boxes of 
newly planed wood before the cruise began . The nets 
were stored in a wooden container when not in use . 
These precautions were taken to avoid contamination of 
specimens collected for chemical analyses . 

The cod end of the trawl net was tied and the net 
placed in the water as the vessel approached the station 
location . By carefully metering out the bridles, the 
doors were encouraged to spread on the surface . Proper 
configuration of the rig was assured before the cable 
was let out . The "scope ratio" (ratio of cable plus bridle 
length to water depth) was maintained at 4:1 or 5:1 
where possible . The net was then towed for a period of 
15 min at a constant speed of approximately 2 knots 
from the time the trawl winch was locked until com-
mencement of "hauling in." 

Extrinsic factors such as construction of the gear 
and the method of operation, intrinsic factors such as 
behavioral differences among or within species accord-
ing to sex, size, time and season, and the interaction of 
these factors ail affect the selectivity of a trawl (Pope, 
1975) . Ability of the trawl to catch and retain demersal 
organisms depends somewhat on the size of the individ-
ual animal . Whether or not a fish is held or can escape 

through the mesh depends on its dimensions in relation 
to the opening of the mesh . Large fish or invertebrates 
may swim faster, or be more wary, so are likely to move 
out of the path of an oncoming trawl (Pope, 1975) . A 
trawl mesh size of 2.5 cm ensured the retention of most 
of the young stages and adults of nearly all encountered 
macroepifauna and demersal fish . 

Considering unknown bottom obstructions and 
a less than ideal trawl configuration, it is difficult to ac-
curately estimate the surface area sampled by the trawl . 
The trawl was towed for a period of 15 min at an ap-
proximate speed of 2 knots . Assuming a constant speed 
and perfect trawl configuration, a surface area of ap-
proximately 4250 m2 was sampled by the trawl . 

There is inherent selectivity in trawling and effi-
ciencies of capturing and retaining animals are very low, 
probably on the order of 10 to 15% (Mearns and Allen, 
1978) . By standardizing procedures, i .e ., towing speeds 
and towing times, within the study and maintaining con-
tinuity, as much as possible, with similar studies in the 
Gulf of Mexico, the results are qualitatively comparable 
and add much to the total ecological description of the 
coastal macroepifauna and demersal fish (Mackett, 
1973) . 

4. Quality Control 
For accurate quantitative data to be obtained, it 

is extremely important that a high degree of quality con-
trol be maintained for each sample collected . Experi-
ence has shown that the chances of success are improved 
if, as far as possible, everyone associated with the sam-
pling effort understands the objectives and purposes of 
the project and how their work fits into the overall plan 
(Mackett, 1973) . Prior to each cruise a briefing was held 
for the entire scientific party . To prevent serious errors 
from being made, experienced personnel reviewed rou-
tine sampling procedures . Sample quality decreases as 
the number of sampling personnel increases, as the 
number of samples increases, and as length of sampling 
time increases . In this project an added factor was 
rough weather, which can greatly affect sample quality . 

Undisturbed grab samples were evidenced by a 1-
to 2-cm layer of light brown sediment on the surface 
with evident worm tubes and an occasional decapod or 
asteroid visible on the surface . A similar phenomenon 
was also observed by Cullen (1973) . If the layer was not 
present or only partially present, either the shock wave 
produced by the grab was large or the grab failed to land 
squarely on the bottom . Both of these problems could 
have been caused by lowering the grab too fast and/or 
rough seas which would hinder operator control of low-
ering speed . Tripping of the Smith-McIntyre did not re-
quire hitting the bottom with any great force, and, 
therefore, would not have caused undue disturbance . 

The winch operators, after gaining a little experi-
ence, usually lowered the grab at a satisfactory speed . 
Most of the problems were caused by the rough seas . 
Though not much of a problem during Cruise I or 
Cruise II-A, rough seas were a factor for the remainder 
of the sampling and grab surfaces were generally dis-
turbed . 

Since most of the benthos live in the upper few 
centimeters of sediment, disturbance of the grab surface 
affects species diversity of the meiofaunal and macroin-
faunal samples . Because it was impossible to obtain un-
disturbed samples during rough weather, it is impossible 



to quantify the degree of disturbance. However, the de-
gree of variability among stations and among samples 
helped to assess this distrubance which will be discussed 
below under the section on Sample Representativeness . 
Regardless of disturbance, meiofauna cores were taken 
in a somewhat random fashion . Therefore, there should 
have been a mixture of cores collected from disturbed to 
non-disturbed sediments . 

Another source of error was the ship's reloca-
tion at each sampling station . Changes in location from 
cruise to cruise would have resulted in samples being 
taken from different habitats . To ensure precise reloca-
tion, various navigational instruments were used . Dur-
ing Cruise I, Decca Hi-Fix(A) was utilized ; for Cruises II 
and III, dual ranging radar and preplotted distances 
from known structures were used with a high degree of 
accuracy . Decca Hi-FixO is a very accurate navigatio-
nal device . However, Eagle (1975) stated that even using 
Decca it was frequently not possible to reposition exac-
tly on the same site . All effort was made to return to the 
same station location as established during Cruise I . 
However, some variation did occur because of high 
wind and waves . Sediment texture analysis indicated 
some sediment variability at certain stations . 

B. Shipboard Processing 

1 . Meiofauna 
A total of 560 cores for meiofauna were collected 

in this study . Five cores were collected from the first 
four grabs taken at a site : two cores from the first grab 
(Cores 1 .A and 1 .B) and one from each of the next three 
grabs (Cores 2.C, 3 .13, and 4.E) . Core 1 .A was immedi-
ately preserved in 5% buffered formalin and Cores 1 .B 
through 4.E were anesthetized with 6% MgCl2 for 10 
minutes, then preserved with 5% buffered formalin . 
Core 1 .A was a check on the anesthetization process . 
Cores 1 .A to 3 .13 were to be taxonomically enumerated 
and Core 4.E was to be archived . It had been planned 
that Cores 1 .A to 3.13 would be washed on shipboard by 
a special device designed by Howard (in preparation) . 
However, there was too much contamination for the use 
of the No. 230 (62ju) mesh screen because the ship's 
pumps were not filtering all the organisms out of the 
seawater . As a result, meiofaunal cores were preserved 
on shipboard and then washed at the Houston South-
west Research Institute (SRI) laboratories . This delay in 
sample washing followed by subsequent sediment 
movement because of shipboard vibrations did not ap-
pear to cause mechanical damage to the soft-bodied 
meiofauna . During Cruise I, a 1 :1 mixture of Eosin B 
and Biebrich Scarlet in a 1 :1000 concentration was 
added to each of the containers (Williams, 1974) . Stain-
ing on shipboard was found to be time consuming and 
unnecessary, and thereafter staining was performed in 
the laboratory . Samples were labeled both inside and 
outside and inventoried prior to transport to the labo-
ratory. 

2. Macroinfauna 
A total of 840 grabs for macroinfauna were col-

lected during the study . Grabs 5 through 10 (i .e ., six 
grabs per station) were utilized for macroinfaunal anal-
ysis . A sub-core (5 cm in diameter by 5 cm deep or 10.6 
cm2) was removed from each grab for sediment textural 
analyses . After the subsample was taken, each grab was 
transferred to a 5-gal plastic bucket, labeled, and held 

until the sample could be washed (waiting time was for 
as long as S hrs during Cruise I) . All effort was made to 
minimize loss of sediment during transfer . 

Since a number of large volume samples were 
taken during each cruise and animals were to be narco-
tized before preservation, it was necessary to remove the 
organisms soon after the samples were collected . There 
are many possible sieving methods for shipboard use 
Holme, 1964 ; Shealy and Boothe, 1975) . Because of the 
large number of samples being collected at one time and 
the restriction on available manpower, an elutriation 
apparatus was designed . Holme (1964), Pedrick (1974), 
Worswick and Barbour (1974), and Koosman and New-
burg (1977) describe elutriation devices specifically de-
signed for macroinfauna . 

The system designed for this project consisted of 
six 19-P galvanized steel funnels, each fitted with a 
15-cm wide spout on one side and with a water hose con-
nection at the apex . A diagram of the system is pre-
sented in Fig . 4 . Six funnels were used since that was the 
number of grabs for macroinfaunal analysis collected 
from each station ax one time . One person was able to 
process one set of samples from a station in an average 
of 1 hr or less . 

Each funnel was connected by a system of 
1 .27-cm water hose lines to the ship's fire pump. Over 
80 lbs of water pressure was used to provide the opti-
mum amount of water circulation . Water flow adjustors 
were provided at the point of water entry into the funnel 
to prevent excessive pressure or uncontrolled overflow . 

Before the sample was placed in the funnel, the 
water system was turned on and filtered sea water filled 
the funnel . When the sample was emptied into the fun-
nel, water carried fine sediment and organisms over the 
spout into a No. 35 (S00 )mesh screen mounted next to 
the funnel . Agitation by hand helped to break up the 
sediment but did not cause any undue damage to the or-
ganisms . Both funnels and screens were set in 1 .27-cm 
plywood, supported at just below waist level by a 
wooden framework . 

After about 0.50 to 0.75 hr, depending upon the 
sediment type, washing was usually complete as indi-
cated by clearing of the wash water . Organisms on the 
screen were then placed in appropriately sized plastic 
jars for narcotization . Residue in the funnel was then 
placed on a No. 35 mesh screen to remove the remaining 
sand and any fine sediments remaining as clumps . De-
pending upon the amount remaining, the residue was ei-
ther combined with the organisms or placed in a sepa-
rate container . 

During Cruise I, several problems were encoun-
tered which were subsequently overcome . Because the 
water that was used for washing came from directly 
below the surface of the Gulf and did not pass through a 
holding tank, planktonic organisms were caught on the 
screen . Filters were used at strategic points to minimize 
the contamination . However, the filters were readily 
clogged, which slowed the washing process consider-
ably . After the first cruise, no filters were used and all 
planktonic organisms sorted from the samples were not 
identified or counted . Obligate zooplankton organisms 
were thus excluded from the results . However, all zoo-
plankton specimens were kept and deposited in the U.S . 
National Museum . 

During moderately rough seas in Cruise I, there 
was a problem of overflow from the funnels sloshing 
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out of the screens with subsequent loss of organisms . 
Closely related to this problem was clogging of the 
screens with sediment caused by sediment being intro-
duced too fast . The result was overflow of the screens 
and again loss of organisms . To minimize the loss of 
sediment and organisms, the mount supporting the fun-
nels and screens was gimbaled to maintain a good hori-
zontal position, except in extremely rough seas . The 
edges of the screens were also built up to retain all enter-
ing material . Previous experience also enabled the per-
son washing the samples to anticipate these accidents 
and immediately remedy the situation . 

During Cruise I, the person washing mud was 
exceedingly taxed to keep up with sample collection . 
Often samples would remain unwashed for as much as 5 
hrs after collection . However, no ill effects on the sam-
ples could be detected . Dean, Rankin, and Hoffman 
(1964) found live polychaetes and amphipods in closed 
sediment samples two months after collection . On sub-
sequent cruises problems caused by unwashed samples 
remaining in the sun for such a long time were prevented 
by utilizing two people on each watch for mud washing . 
Eliminating the filters enabled maintenance of a steady 
water pressure, thus reducing washing time by more 
than half. As a result, the mud washers were generally 
ready to wash each group of samples as soon as they 
were collected . 

Material collected on the screen and remaining 
in the funnel was narcotized for 0.5 hr with 15% MgS04 
in seawater, then preserved in 5% borax-buffered for-
malin, and stained with a 1 :1 mixture of Eosin B and 
Biebrich Scarlet . The final mixture contained 5 to 10% 
stain . After Cruise I, staining was done in the labo-
ratory and not on shipboard, and funnel and screen resi-
dues were no longer preserved separately . Each sample 
container was labeled both inside and outside and inven-
toried prior to transport to the laboratory . 

3. Macroepifauna and Demersal Fish 
A total of 40 taxonomic trawls were collected for 

macroepifauna and demersal fish during this study . 
During Cruise I only, organisms collected in trawls for 
chemical analysis were saved to complete the species di-
versity of the study area . At the end of the 15 min trawl-
ing period, the net was retrieved and contents trans-
ferred to 122 cm (width) by 193 cm (length) by 30 cm 
(depth) stainless steel dump trays . Each tray was washed 
with detergent and hexane before use and rinsed with 
seawater between trawls . 

Samples were stored in appropriately sized con-
tainers and preserved in 10% borax-buffered formalin . 
Large fish were slit along the lower right side of the ab-
dominal cavity to ensure preservation of the viscera . 
Samples were labeled and inventoried according to es-
tablished practices . 

In order to satisfy the requirements for trace 
metal, hydrocarbon, and histopathological analyses, it 
was necessary to remove individuals of particular spe-
cies from the taxonomy trawls during Cruise I and from 
a few trawls in Cruise II . Organisms removed were iden-
tified and measured to the nearest 1 mm. Standard 
length was taken for fish, carapace width of portunid 
crabs was measured between the tips of the lateral 
spines, the carapace and abdomen length were measured 
for pagurid crabs, total length (tip of rostrum to distal 
end of telson) for shrimp, and length of the shell for 

bivalves . During Cruise I, no balance was available on-
board ship; therefore, it was necessary at a later date to 
extrapolate biomass values for the specimens . During 
Cruise II, weights for specimens removed for chemical 
and histopathological analyses were obtained using a 
spring balance . However, obtaining precise weight mea-
surements on shipboard was difficult because of the 
ship's movements . The individuals removed, and their 
weights if possible, were included in the taxonomy trawl 
data for Cruise II . 

C. Laboratory Methodology 

1. Meiofauna 
Upon arrival in the laboratory, all samples were 

inventoried and the inventory sheet returned to Data 
Management within one week . Core 4.E from Grab 4 
was archived and all other cores were then washed . 

a . Sample Washing 
Various flotation and elutriation procedures 

have been devised to separate the meiofauna from the 
encompassing debris and sediments (Birkett, 1958 ; An-
derson, 1959 ; Hulings and Gray, 1971 ; Kingsbury and 
Beveridge, 1977 ; Nachols, 1979) . The washing device 
used in this project consisted primarily of the main fun-
nel of a Busch Reactor (Howard, in preparation) . Fig-
ure 5 presents a diagram of the washing assembly . The 
core sample was washed into the reactor where it was 
subjected to a continuous flow of water introduced 
from the side and air from the bottom . The agitation 
separated fine sediments and soft-bodied and shelled 
organisms and lifted them upward where they over-
flowed into a smaller funnel placed within the first . 
Constant regulated flow of both air and water through 
the apparatus for about 0.5 hr ensured that the sample 
was completely washed . The inside funnel carried the 
organisms over a set of two screens, No . 35 (S00-N mesh) 
and No . 230 (62-M mesh) . Elutriated material collected 
on the No. 230 screen was preserved in 5% buffered for-
malin, stained with a 1 :1 mixture of Eosin Band Bie-
brich Scarlet, and used for the study . The final mixture 
contained 5 to 10% stain . That collected on the No . 35 
screen was preserved in S% buffered formalin and kept 
for possible future use . Preliminary data obtained at the 
beginning of the project indicated that over 95% of the 
soft-bodied organisms and 90 to 95% of shelled orga-
nisms were collected when washing was complete . These 
positive results prompted use of the system throughout 
the project . 

The number of organisms found in the elutri-
ated portions of the ; samples was compared with the 
number of animals remaining in the substrate using 50 
Cruise I and Cruise II samples chosen at random . The 
comparison indicated that greater than 95% of the For-
aminifera and 95 to 98% of the soft-bodied meiofauna 
were recovered in the elutriation procedure (Table 1) . 
The overall recovery rate for the total number of indi-
viduals in all taxa was 96%. Using Kendall's Coefficient 
of Concordance W (Siegel, 1956), at the 95% confi-
dence level, the meiofauna washing apparatus separated 
both hard and soft-bodied animals from seven different 
sediment types with the same efficiency, i .e ., the num-
bers of individuals recovered in each of several taxa 
were not significantly different over seven sediment 
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TABLE 1 . Percentage of organisms recovered after elutriation of sediments from 
SO samples (from Howard, in preparation) . 

Sediment T No. of Sam les 
oral Organisms 

Silty Silty Clayey Sandy Sandy Clayey Clayey Remaining in 
Taxa Sand (5) Sand (7) Sand (6) Silt 3 Silt 10 Silt 9 Silt 10 Substrate Recove ry 

Foraminifera 94.9 93 .2 98 .2 97 .8 99 .6 87 .7 99 .4 95 .5 95 .5 
Protozoa2 100.0 98 .8 99 .4 97 .7 98 .3 98 .0 100.0 98 .5 98 .4 
Kinorhyncha 100.0 97 .7 93 .8 923 100.0 97 .2 100.0 97 .0 97 .0 
Nematoda 99 .5 97 .9 997.1 98 .0 97 .0 95 .2 97 .3 97 .1 97 .1 
Harpacticoida 50.04 97 .6 100.0 100.0 100.0 993 100.0 93 .3 933 
Other or anisms3 93 .4 97 .9 99 .0 100.0 100.0 98 .0 98 .1 98 .0 
'only pediment typo with enough data (or statistical analysis were included . 
=includes dl Protozoa except Foraminifera . 
,tocludn tua encountered less frequently : Hydrozor, Turbelluia, Rhynchocoela, Polychua, Molluua, Acarina, Oitricoda, end Amphipodi. 

4'ILu unusually low me of recovery was the result of one sample in which 16 0( the 17 Huputicoida were not recovered. 

types (P = 0.19) . Advantages of this meiofauna washing 
device are as follows: 

" Effective overall separation of greater than 
95% of the meiofauna from the sediment 

" A sample containing only the meiofauna 
and small amounts of fine sediment and or-
ganic debris, thus reducing the difficulty 
and time involved in fine sorting under the 
microscope . 

b. Sample Splitting 
At the beginning of this project, sorting time 

for each meiofauna core averaged 3 to 4 days . Conse-
quently, this method was not cost effective . It was felt 
that sufficient information could be obtained by sub-
sampling the cores, which would also lead to a more ef-
ficient utilization of sorter time (Longhurst, 1959 ; Sokal 
and Rohlf, 1969 ; Venrick, 1971) . The Folsom plankton 
splitter was used to subsample cores in this project be-
cause this system was readily available and has a long-
standing record of use and statistical validity (McEwen, 
Johnson, and Folsom, 1954; Longhurst and Seibert, 
1967) . The elutriated portion of each sample that was 
collected by the No . 230 screen was split into four equal 
parts . Two potential problems were clumping of the or-
ganisms (causing nonrandom distribution) and varia-
tion in mixing due to operator's judgement as to when 
the sample was well mixed and ready to split . Consider-
able care by the operator minimized the latter problem . 

To test the statistical accuracy of the split 
subsamples used for this study, 75 randomly chosen 
samples were split ; two one-fourth subsamples from 
each were sorted and all organisms identified and 

counted . Using the 75 pairs of subsamples as replicate 
pairs, the Wilcoxon's signed-ranks test was used to test 
the two subsamples for differences in the number of in-
dividuals collected in each of five major taxes . Total 
count of individuals in the paired subsamples was also 
tested . With a significance level of 0.05, no significant 
differences between the two subsamples were found ei-
ther in numbers of individuals counted in each of the 
major taxes or in number of individuals counted in each 
subsample. Table 2 shows the taxes tested, the critical 
value and probability level for each test, and the sample 
size for each test . Based on the fact that nonrandom 
mixing and splitting would have resulted in unequal 
numbers of individuals in split sections, the statistical 
test indicated that the Folsom splitter was accurately 
subsampling these cores . 

c. Sample Sorting and Taxonomic Identifica-
tion 
Sorting of each sample was accomplished 

using a Ward zooplankton wheel and Wild MS binocu-
lar microscope . Only anterior portions and whole orga-
nisms were counted (Woodin, 1974) . Each specimen was 
identified to the lowest possible taxon . All precaution 
was taken to not crush or destroy the individuals as they 
were removed. As a minimum, one-fourth of each sam-
ple was sorted by technicians . If the number of Forami-
nifera or Nematodes counted was not equal to or greater 
than 100, then either another one-fourth or the remain-
der of the sample was sorted . 

Examination of the procedures for meiofau-
nal analyses used in the BLM South Texas Project 
(Pequegnat, 1977) indicated that from each sample the 
first 150 nematodes were extracted for taxonomic 

TABLE 2. Results of six Wilcoxon's signed ranks tests of total counts of all individuals 
and total counts of major taxes from selected samples split 

by the Folsom plankton sputter. 

Taxes KI TZ Probability3 

Gromiidae (Protozoa) 64 898.0 0.34 
Foraminifera 67 1035 .5 0.52 
Nematodes 73 1152.5 0.28 
Polychaeta 60 795.0 0.38 
Co e odes 48 575.5 0.90 
Total Counts 73 1124.5 0.21 
1K - Sample size (Slightly less than the original 75 pairs, because this test requires omission of ties) . 
2T = Critical value or smaller sums of ranks . 
Probability = Probability that pairs of counts are equal. A difference would be indicated if probability was less than 0.05. 
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identification . All other nematodes were simply counted 
and identified as Nematoda . Dr . John H. Tietjen, City 
College of New York (personal communication), con-
curred that this procedure was the accepted and pre-
ferred practice and therefore it was adopted for this 
study . 

The first 300 Foraminifera, alive when col-
lected (based upon presence of stained protoplasm 
within the shell), were picked for identification and all 
other live individuals in the sample were simply 
counted . The residue from the counted portion of Core 
3 .1) for the N500 stations and each Control Site was 
dried and the first 300 dead forams picked for identifi-
cation and live:dead ratios . 

Foraminifera were sent to Dr . Rosalie F . 
Maddocks for further identification . At Dr. Maddocks' 
laboratory, the sorted live forams were further stained 
with Rose Bengal and then dried for more accurate iden-
tification . It was discovered that although the Eosin-
B:Biebrich Scarlet stain was not visible after the forams 
were dried, the Rose Bengal was . Dr . Maddocks visited 
the laboratory to work with and advise the SwRI techni-
cians, ensuring their recognition of live forams . Forami-
nifera that had been considered as live in Dr . Mad-
docks' laboratory had also been counted as live by SwRI 
technicians . 

Nomenclatural problems are discussed 
below under the section on Nomenclature, Voucher 
Collection, and Sample Storage . 

Each subcontractor and consultant, as 
specified by mutual agreement, verified identifications 
or identified individuals to the lowest possible taxon, 
provided counts per taxon, prepared voucher collections 
for BLM and Swill, and/or provided assistance in 
ecological interpretation of the respective data . An in-
ventory of all samples sent to the subcontractors was 
maintained . 

Data for each station were gathered, re-
corded on a standard data sheet, and submitted to Data 
Management. Final counts of each Foraminifera and 
Nematoda taxon for each core were prorated over the 
total number of Foraminifera and Nematoda counted 
from each core . To obtain numbers of individuals per 
m2, counts per taxa per core were multiplied by a factor 
of 1243 (derived by dividing area of core into area of 1 
m2) . Final data reported included numbers of individu-
als of each species, live dead ratios where appropriate 
for Foraminifera, and numbers of individuals of each 
species per unit volume of sediment . 

2. Macroinfauna 
Upon arrival in the laboratory, all samples were 

inventoried and the inventory sheets returned to Data 
Management within one week . The residue that had re-
mained in the funnel was washed again over a No. 35 
mesh screen to remove clay balls that had failed to break 
down on board ship and was then stained with a 1 :1 
mixture of Eosin B and Biebrich Scarlet . After Cruise I, 
funnel and screen contents were combined on board and 
separated in the lab by floating off the soft-bodied orga-
nisms from the shell debris, etc . Both fractions were 
again stained . 

Both portions of each grab were sorted into 
major taxa by examining the contents in quadrated, 
lined petri dishes using Wild MS binocular microscopes . 
Only anterior portions and whole organisms were 

counted (Woodin, 1974) . The residue remaining was 
stored. 

Each subcontractor and consultant, as specified 
by mutual agreement, verified identifications or identi-
fied individuals to the lowest possible taxon, provided 
counts per taxa, prepared voucher collections for BLM 
and SwRI, and/or provided assistance in ecological in-
terpretation of the respective data . An inventory of all 
samples sent to the subcontractors was maintained . 
Data for each station was gathered, recorded on stan-
dard data sheets, and submitted to Data Management . 
To obtain numbers of individuals per m2, counts per 
taxa per grab were multiplied by a factor of 11 .25 (de-
rived by dividing area of grab, minus the area of the sed-
iment texture core, into area of 1 m2) . Final data re-
ported included numbers of individuals of each species 
and numbers of individuals of each species per unit area 
of sediment . 

3. Macrcepifauna and Demersal Fish 
Upon arrival at the lab, all samples were invento-

ried and the inventory sheets returned to Data Manage-
ment within one week . Each trawl sample was treated 
separately . Individuals were sorted into major taxa : 
Cnidaria, Polychaeta, Molluscs, Arthropods, Echino-
dermata, Chordata, and Miscellaneous . Identified mac-
roepifauna were placed in appropriately sized con-
tainers, preserved with 70% ethanol and the containers 
labeled . All fish, including archival species, were stored 
in 70% ethanol . The taxonomic composition of each 
sample was determined to the lowest possible taxon . As 
necessary, specimens were sent to subcontractors and 
consultants for verification or identification . Approxi-
mately 99% of the total number of individuals were 
identified to genus and species level . 

Weights were taken by major taxa (species 
groups when possible) to the nearest 0.1 g using a Sarto-
rius Model 1100 top-loading balance . Molluscs were 
weighed intact with their shells . Excess liquid was 
blotted away with paper towels . 

Since a balance was not available on board ship 
during Cruise I, it was necessary to extrapolate biomass 
values for the specimens which had been removed for 
other analyses . Length-weight relationships for fishes, 
crabs, and shrimps were calculated by the equation W = 
aLb, where W is weight in grams, L is length in millime-
ters, and a and b are constants (Pullen and Trent, 1970; 
Fontaine and Neal, 1971 ; Bagenal and Tesch, 1978) . A 
logarithmic transformation gives the linear equation log 
W = log a + b log L . Using data obtained from the or-
ganisms that had been retained in the trawl samples, log 
weight was plotted against log length, and a regression 
line was calculated by method of least squares . Table 3 
shows the calculated regression equation for each spe-
cies, the sample size for each equation and the percent-
age of total variation explained by each equation . For 
brown shrimp, Penaeus aztecus, white shrimp, Penaeus 
setiferus, and pink shrimp, Penaeus duorarum, equa-
tions describing length-weight relationships were taken 
from Fontaine and Neal (1971) . Weight estimates for 
organisms that had been removed were included with 
the data from their respective station . 

Fish length was measured to the nearest millime-
ter using a conventional measuring board and placing 
the anterior end of the fish against a stop at the front of 
the board . Standard length was taken as a straight line, 
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TABLE 3 . Equations describing the length-weight relationship for certain taxa removed 
from trawl samples for histopathological or chemical analysis . 

Species Equation 
Sample 
Size I rz 

Molluscs 
Noeria ponderosa log Y=- 3 .26 + 2.87 log X 7 0.98 
Pitar cordatus log Y= - 2.99 + 2.74 log X 57 0.89 

Arthropods 
Trachypenaeus spp . log Y= - 435 + 2.62 log X 38 0.86 
Sicyonia brevirostris log Y = -5 .72 + 3.49 log X 10 0.97 
Pagurus pollicaris log Y= - 2.59 + 2.45 log X 17 0.85 
Hepatus epheliticus log Y= - 3 .19 + 2.57 log X 7 0.93 
Leiolambrus nitidus log Y= - 3 .01 + 2.42 log X 25 0.71 
Callinectes similis log Y= - 6.49 + 4.35 log X 13 0.97 
Portunus spinicarpus log Y= - 4.47 + 3.09 log X 54 0.94 
Squilla empusa log Y= - 4.59 + 2.86 log X 16 0.97 

Chordata 
Arius fells log Y= - 4.77 + 3.00 log X 32 0.91 
Etro us crossotus to Y = - 2.80 + 2.00 to X 35 0.82 

Equations from 
Fontaine and Neal (1971) 

Penaeus aztecus log Y= - 4.978 + 2.938 log X 3,412 
Penaeus duorarum log Y=- 5 .113 + 3 .029 log X 3,298 
Penaeus setiferus to Y= - 5.665 + 3 .24710 X 2,090 

r2 - Percentage of total variation explained by regression equation . 

with the fish lying on its right side and the jaws closed, 
from the tip of the snout to the tip of the hypural plate 
(Laevastu, 1965 ; Hoese and Moore, 1977) . The only ex-
ception was a skate, Raja texana, in which the disc 
width was measured while it lay flat on its ventral sur-
face . Each individual was measured ; no subsampling 
was done . 

For macroepifauna, taxonomic composition and 
number of individuals of each species were recorded . 
For demersal fish, the length vs . frequency of occur-
rence was tabulated by species for each station and total 
frequency of occurrence of a species for all stations was 
also recorded . Data were reported to Data Management 
on standard data sheets . Biomass values of all species 
for each station were obtained from the weight values 
for all stations . 

4. SamplePreservation, Narcotization, and Staining 

a . Preservation 
All meiofauna, macroinfauna, and macroe-

pifauna and demersal fish samples were preserved very 
soon after collection in, respectively, 5%, 5%, and 10% 
borax-buffered seawater formalin . On all cruises the 
formalin was mixed just prior to use and was buffered 
by adding 373 g borax (sodium borate) to 191 formalin . 

Formalin has the best qualities of a general 
purpose fixative (Humason, 1967) . When future use of 
the organism is in doubt or it will be stored for an indef-
inite time, formalin is the preferred choice because it 
permits post-fixation and will not harden excessively 
(Humason, 1967) . It takes only a small amount of for-
maldehyde to produce a lot of 5 or 10% formalin ; there-
fore, the preservative requires little storage space and 
lends itself to space restricted sampling expeditions . 

With time, formalin tends to become acidic 
and must be buffered to prevent breakdown of bone or 
shelled organisms. Alkaline solutions of formalin may 

cause autolysis of tissues . Taylor (1977) observed that 
formaldehyde solutions undergo three shifts in pH after 
the addition of specimens, with the quantity of speci-
mens added to the solution greatly influencing the re-
sulting pH. Miller (1952) recommended the initial addi-
tion of one teaspoon of borax to a half gallon of 10% 
formalin (i .e ., about 1 .1 g/900 ml) . Weak solutions of 
borax-buffered formalin usually turn acidic and Taylor 
(1977) proposed that more borax be added after a day of 
fixation . Based upon various experiments, Taylor 
(1977) concluded that long-term storage of specimens in 
borax-buffered formalin resulted in specimen deteriora-
tion and that powdered limestone or marble chips in a 
saturated solution was equal to borax in preventing loss 
of bone and was superior in soft tissue fixation. 

To offset an increase in pH because of in-
creased numbers of specimens placed into the preserva-
tive at time of sampling or an increase over time, the 
samples were periodically tested for pH reading of seven 
or above . 

All macroinfauna and macroepifauna and 
demersal fish samples were transferred to 70% undena-
tured ethanol in the laboratory for long-term storage . 
Residues of shell and other debris collected with the 
meiofauna and macroinfauna samples were kept and, 
except for meiofauna, were also stored in 70% undena-
tured ethanol . Debris from trawl samples was not kept . 
The voucher collection was also stored in 70% undena-
tured ethanol . Ethanol is the best overall preservative 
for permanent preservation (Russell, 1963) . A 70% so-
lution is preferred because that is where the maximum 
bactericidal action occurs through denaturation of pro-
teins (Smith, 1947 ; Salle, 1961) . 

b. Narcotization 
Both invertebrates and vertebrates suddenly 

subjected to formalin undergo a violent locomotor ac-
tivity prior to death called "formalin frenzy" by Gan-
non and Gannon (1975), with a resultant rejection of 
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gut contents, auto-amputation of limbs, fragmentation 
of body parts, spilling of eggs from brood pouches or 
gonads, and body distortion in some species (Hulings 
and Gray, 1971 ; Gannon and Gannon, 1975) . All of 
these reactions can and do hinder species identification 
and further analysis . Therefore, it is essential that the 
organisms be relaxed as much as possible, without actu-
ally killing them, before they are preserved . Most of the 
permanent meiofauna have developed morphological 
adaptations, e.g ., suckers, adhesive organs, etc ., to 
cling to their surroundings for stabilization . Upon pres-
ervation, the organism does not always release its hold, 
but will tend to do so after narcotization (Rulings and 
Gray, 1971) . 

As a check on the efficiency of the meiofaunal 
anesthetization process used to stimulate the meiofauna 
to release their hold on surrounding sediments, Core 
1 .A, a replicate collected from the same grab as 1 .B, 
was immediately preserved in 5% borax-buffered for-
malin and not narcotized . A Wilcoxon's matched-pairs 
signed ranks test was used to determine if there was a 
significant difference in numbers of individuals of 
major taxa . As indicated by Table 4, there was a signifi-
cant difference (p < 0.05) between Cores 1 .A and 1 .B 
for the Foraminifera and total counts for Cruise I and a 
highly significant difference (p < 0.01) for Nematoda 
and total counts for Cruise III . Note that the probability 
('0.05) for total counts for Cruise I is borderline in sig-
nificance . The results indicate that narcotization appar-
ently only affected certain species which affected total 
counts for Cruise I and Cruise III, but did not consis-
tently affect major taxa . Therefore, anesthetization ap-
peared to increase the number of recoverable organisms 
and should be used in meiofaunal studies . 

After shipboard washing, macroinfauna sam-
ples were placed in appropriately sized plastic jars to 
which a 15% solution of MgS04 in seawater was added . 

After 30 minutes, borax-buffered formaldehyde solu-
tion was added to make a 5% solution of formalin . The 
purpose of this narcotization was to minimize muscle 
distortion of the worms, body fragmentation by poly-
chaetes and ophiuroides, and limb amputations of 
decapods . 

c. Staining 
Even with the development of various flota-

tion techniques (Anderson, 1959 ; Whitehouse and 
Lewis, 1966 ; Hulings and Gray, 1971 ; Lackey and May, 
1971), a mixture of animals and organic debris usually 
remains after washing . To shorten sorting time, various 
staining techniques have been developed (Mason and 
Yevich, 1967 ; Hamilton, 1969 ; Lackey and May, 1971 ; 
Williams, 1974 ; Williams and Williams, 1974 ; Mitterer 
and Pearson, 1977) . 

To lessen the difficulty in separating animals 
from organic debris, a 1 :1 mixture of Eosin B and Bie-
brich Scarlet was added to all samples before sorting . 
Generally, the final mixture contained S to 10% stain . 
Williams (1974) discovered that this stain had a selective 
affinity for animal tissue over plant debris . The tech-
nique has been used successfully in almost 12,000 ben-
thic samples collected over six years in a large estuarine 
monitoring study in Trinity Bay, Texas (Baker et al ., 
1977 ; Baker, Pugh, and Kimball, 1977) . The stain also 
worked well in this study . 

It was discovered that sometimes, depending 
upon the length of time stain remained in the sample, 
nematodes would fail to or only partially absorb the 
stain because of their cuticle . As an estimate, only a few 
times was it noticed that material other than "live" ani-
mal tissue was stained . There were difficulties with the 
stain being visible in Foraminifera after they were re-
moved and dried for identification . However, this prob-
lem was solved by the addition of Rose Bengal to the 
Foraminifera sample before drying . The Rose Bengal 

TABLE 4. Comparison of meiofaunal Cores 1 .A and 1 .11 using a Wilcoxon's 
signed ranks test . 

Cruise Taxa K' T2 Probabilit y' 
Gromiidae 30 186.5 0.34 
Foraminifera 36 203.5 0.04* 
Turbellaria 17 67.5 0.67 

I Kinorhyncha 31 217.0 0.54 
Nematoda 36 289.0 0.49 
Harpacticoida 30 215.0 0.72 
Total Counts 36 208.0 0.05' 
Gromiidae 52 600.0 0.42 
Foraminifera 62 968 .5 0.96 
Turbellaria 20 100.5 0.87 

II Kinorhyncha 24 99.5 0.15 
Nematoda 65 939.5 0.39 
Harpacticoida 30 156.5 0.12 
Total Counts 68 1145 .0 0.86 
Gromiidae 30 229.5 0.95 
Foraminifera 36 224.5 0.08 
Turbellaria 15 32.5 0.12 

III Kinorhyncha 17 61 .0 0.46 
Nematoda 34 129.5 0.004"" 
Harpacticoida 22 79.0 0.12 
Total Counts 36 157.0 0.005" 

' K - sample size . " - significant at p < 0.05. 
=7' - critical value or smaller sum of ranks. significant at p < 0.001 . 
3Probability - probability that pairs of counts are equal. 
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tended to darken the protoplasm already stained by the 
Eosin B and Biebrich Scarlet so that the stained Forami-
nifera could be detected after drying . Consultation and 
comparison between SwRI technicians and Foraminife-
ral laboratory personnel confirmed that both groups 
were correctly identifying the same individuals as 
"live." 

S. Nomenclature, Voucher Collection, and Sample 
Storage 

a. Nomenclature 
Because of the diverse nature of the benthic 

samples collected in this project, it was necessary to uti-
lize a large group of specialists for verification and iden-
tification ; these persons are listed in the section on Pro-
ject Organization . In-house specialists were also uti-
lized . Protozoans and hydrozoans-Mr . Joseph D . 
Zotter, and harpacticoids - Mr. Alan Kwok . Both are 
from SwRI, Houston . All other groups were identified 
in-house, utilizing the extensive library facilities and ex-
perience of the senior author . The junior authors also 
assisted in taxonomic identifications as needed . 

Several taxa have not been verified by outside 
authorities : poriferans, hydrozoans, anthozoans, tur-
bellarians, rhynchocoels, gastrotrichs, acarins, tanaids, 
isopods, sipunculids, echiuroids, phoronids, brachio-
pods, enteropneusts, and ascidians . Of the above 
groups only the anthozoans, turbellarians, rhyncho-
coels, sipunculids, and phoronids contained large 

numbers of individuals . Unfortunately, specialists on 
these groups were neither readily available nor known to 
the senior author . Of the above groups, only the hydro-
zoans, anthozoans, isopods, sipunculids, phoronids, en-
teropneusts, and ascidians could be identified to genus 
and/or species . In addition, not all molluscs, decapods, 
or fishes collected for macroepifauna and demersal fish 
and harpacticoids for meiofauna have been verified by 
the respective consultants . Table 5 illustrates the level of 
identification of each major taxon . 

All taxa identified in this study were coded 
according to the National Oceanographic Data Center 
(NODC) taxonomic code list (NODC, 1978) (See Ap-
pendix A) . Of 1029 taxa identified, 376 were new entries 
into the NODC code list . New species of Amphipoda, 
Decapoda, Harpacticoida, and Ophiuroidia were identi-
fied by the consultants and will be published at a later 
date . New distribution records also will be reported at a 
later date for Polychaeta, Molluscs, and Decapoda . See 
Appendix H for a list of manuscripts and publications 
using these data . 

b. Voucher Collection 
As required by the contract, a voucher collec-

tion consisting of properly labeled and preserved speci-
mens of all identified taxa was provided to BLM. The 
voucher collection, composed of assorted representa-
tives of 1029 different taxa, was shipped to the U.S . Na-
tional Museum of Natural History (USNM) as per in-
structions of Dr. Richard E. Defenbaugh upon 

TABLE S . Level of identification of various taxa collected in this project. 

Level 
Taxa Phylum Class Order Family Genus Species 

Foraminifera 
Other Protozoa + + 
Porifera + 
Hydrozoa + + 
Anthozoa + + 
Turbellaria 
Rhynchocoela + 
Gastrotricha 
Kinorhyncha + + 
Nematoda + + 
Polychaeta 
Oligochaeta + + 
Molluscs 
Acarina 
Ostracoda + + 
Harpacticoida + + Mysidacea 
Cumacea 
Tanaidacea + + Isopoda + + 
Amphipoda 
Decapoda + + 
Sipunculida 
Echiurida 
Phoronida 
Ectoprocta 
Brachiopods 
Echinodermata 
Enteropneusta 
Ascidiacea 
Osteichthyes + + 
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completion of the draft final report. A second collection 
was retained by SwRI-Houston and has been given to 
the University of Texas School of Public Health, Hous-
ton, Texas . If only one individual was present, BLM re-
ceived the specimen . A collection of Harpacticoida was 
provided Dr . M . Susan Ivester, and University of 
Southwestern Louisiana (USL) received Crustacea and 
Osteichthyes collections . In addition, each of the sub-
contractors and consultants was allowed to retain the re-
mainder of the samples that they worked with for teach-
ing and research purposes . All specimens identified by 
SwRI personnel, except for the Harpacticoida (retained 
by Mr. Alan Kwok), have been deposited in the USNM. 

c. Sample Storage 
All meiofauna and macroinfauna sample res-

idues were saved because the many dead shells may be 
of interest to someone in the future. Each residue was 
preserved with sufficient 5% formalin or 70% ethanol, 
respectively, in plastic jars, which were sealed with par-
affin . These also have been deposited at the USNM. 

D. Statistical Methods 
Many statistical techniques have been applied to the 

study of benthic populations and their relationships to 
physical or environmental variables (Cairns, Dickson, 
and Westlake, 1977 ; Holland, 1977, 1979 ; Dames and 
Moore, 1979) . Recent use of multivariate statistical 
techniques have sought patterns of distribution for vari-
ous faunal assemblages and the relationships of these 
patterns to environmental gradients. The purpose of 
statistical treatment in this study was to seek patterns of 
distribution for benthic assemblages, to relate these to 
environmental gradients, and further to determine 
whether benthic distributional patterns were related to 
measurable levels of petrogenic contaminants. 

The statistical strategy for the analysis of benthic 
data (Fig . 6) consisted of the following steps : (i) charac-
terization of each benthic data set with descriptive mea-
sures such as mean, diversity, evenness, dispersion, 
dominant species, and species ranks, (2) reduction of 
each benthic data set, with exclusion of almost all taxa 
above the family level, from the quantitative statistical 
treatment (final data set included 95 to 98% of the total 
number of individuals), (3) transformation of data 
where necessary to meet assumptions or improve effi-
ciency of statistical tests, (4) classification of species (or 
taxa) into biological assemblages based on co-occur-
rences at stations using R-mode cluster analysis, (S) clas-
sification of stations into ecological classes based on co-
occurring species using Q-mode cluster analysis, (6) re-
lating species assemblages to station groups by con-
structing two-way coincidence tables for each pair of R-
mode and Q-mode dendrograms, (7) relating patterns of 
faunal distribution to environmental gradients and pe-
trogenic contamination, (8) determination of sample 
representativeness by testing selected species and species 
groups for variability among samples, stations, and 
platforms . 

Descriptive statistics and data reduction procedures 
used for each benthic data set (meiofauna, macroin-
fauna, and macroepifauna and demersal fish) are de-
scribed in the respective section of RESULTS. Data 
transformations were performed prior to statistical 
analysis whenever necessary to meet the assumptions for 

parametric tests (analysis of variance, correlation, and 
regression) or to improve the efficiency of a test (cluster 
analysis) . For parametric analyses, the distribution of 
each variable was determined either from the distribu-
tion of data in large samples or from the literature when 
the sample size was small . In cluster analysis, where dis-
tribution of data is not a limiting factor, a logarithmic 
transformation has the desired effect of reducing the 
discrepancy between very large and very small values in 
computing similarity measures (Boesch, 1977) . There-
fore, with frequency data such as these, the relative con-
tribution of very abundant species is reduced . In all 
cases where transformation was appropriate, the fre-
quency counts or measurements were transformed to 
log (x + 1) . The addition of unity to each measurement 
eliminates the possibility of logarithm of zero . In several 
tests for variability of sampling techniques and species' 
ranks, non-parametric statistical tests were performed 
and data were not transformed . 

Cluster analysis is a statistical method of partition-
ing stations (Q-mode) or species (R-mode) into groups 
based on their co-occurrences in a sample population . A 
similarity measure is first calculated between all pairs of 
entities (species within stations or stations within spe-
cies) and entities are progressively fused into groups 
based on the similarity measures to form a dendrogram 
or tree diagram . The Bray-Curtis similarity coefficient 
has been widely used in quantitative marine ecology 
(Bcesch, 1977) . Examples of its use include Feldhausen 
and Ali (n.d .) ; Day, Field, and Montgomery (1971) ; Ste-
phenson, Williams, and Cooke (1972) ; Eagle (1975) ; 
Warwick and Gage (1975) ; and Holland and Dean 
(1977) . 

The clustering method (unweighted pair group 
method of Sneath and Sokal (1973)) has also had exten-
sive use in aquatic ecology (see partial list of applica-
tions in Boesch (1977)) . The CLUSTAN package (Wi-
shart, 1975) was used to perform all cluster analyses for 
this study employing the clustering measures described 
above . 

After each data set was subjected to R-mode and Q-
mode cluster analysis, two-way coincidence tables were 
routinely constructed as interpretive tools (Clifford and 
Stephenson, 1975) . A two-way coincidence table consis-
ted of the original data matrix (transformed species 
counts) rearranged by species groups (on the vertical 
axis) and station groups (on the horizontal axis) . From 
this table, differences in species groups were observed 
based on their occurrences or nonoccurrences at 
stations . 

Further analyses of the benthic data set were di-
rected at relating benthic abundance to environmental 
gradients and petrogenic contamination . For purposes 
of these analyses, environmental variables included all 
attributes of the environment except benthos (i .e ., phys-
ical, chemical, geological, microbiological, and histopa-
thological) . These relationships were explored in two 
ways : (I) directly, by relating individual (indicator) spe-
cies and species assemblages (delineated by the cluster 
analysis) to environmental variables using a correlation-
regression approach and (2) indirectly, by performing 
cluster analysis on the environmental variables, thereby 
characterizing each platform or group of stations on the 
basis of physical, chemical, geological, microbiological 
and histopathological variables . Faunal assemblages oc-
curring at certain stations or platforms (from cluster 
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I Collection of Benthic Data I 

Taxonomic Analysis 

Descriptive Statistics 

Examination of Species' Ranks Diversity/Evenness, Richness, 

over Seasons/Platforms, Rank Dispersion 

Correlation, Kendall's W Ranking of Species (Taxa) by 
Occurrence and Abundance 
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Sample Representativeness : Cluster Analysis 
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on Selected Taxa 
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Classification 
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Benthic and Environmental Variables 

DIRECT INDIRECT 

Correlation of Benthic and I I Cluster Analysis of 
Environmental Variables Environmental Variables 

Comparison of Benthic 
Assemblages to Environmental 

Clusters 

Relating of Benthic Abundance 
to Environmental Gradients 

FIG. 6. Biological and multidisciplinary statistical strategy 

analyses) were then indirectly related to the environmen-
tal variables which characterized stations or platforms. 

Clustering procedures for the environmental varia-
bles were the same as those described above for benthic 
analysis (steps 4-6) . It was not feasible to include all en-
vironmental variables in these comparisons ; therefore, 
some variables were eliminated after preliminary data 
syntheses were completed . After consultation between 
the Benthic Analysis Principal Investigator (PI), the PI 
in each discipline, and appropriate members of the Sci-
entific Advisory Committee (SAC), variables were se-
lected based on absolute levels with respect to detection 
limits, on relative levels with respect to potential effects, 

and on presence of some trend or change over the 
duration of this study. 

Correlation analyses (Pearson's product-mo-
ment correlation co-efficient) were performed 
separately for each cruise on all possible pairs of 
the following variables : individual (indicator) spe-
cies, species assemblages delineated by cluster 
analysis, and the environmental variables de-
scribed above . The result of this analysis was 
threefold : (1) the relationship of individual spe-
cies and species assemblages to each environmen-
tal variable was shown, (2) it served as a screening 
procedure, since environmental variables which 

19 



showed no relationship to benthic variables were re-
vealed, and (3) high correlations between environmental 
variables were exposed . Environmental variables which 
showed no relationship to any benthic variables were 
then eliminated, and in some cases where environmental 
variables were redundant and highly correlated, one or 
two variables were selected (e.g., seven variables de-
scribed sediment texture) . Next, backward and forward 
stepping regression (BMDP2R, Dixon, 1975) was per-
formed with each benthic variable regressed on the re-
maining set of environmental variables . Since some 
multicollinearity was still present in the independent va-
riable set, these regression equations were used only as a 

means of evaluating relative contributions of predictor 
(environmental) variables and not in any sense to pro-
duce predictive equations. Further refinement (such as 
biased regression procedures) of these 200 or more 
equations was not within the scope of this study. 

Some other statistical procedures were used to test 
the efficiency of data handling techniques and sampling 
or subsampling methods and to compare species ranks . 
These are explained in the METHODS AND MATERI-
ALS or RESULTS where used and are connected to the 
primary strategy route by a dotted line on the flowchart 
(Fig . 6) . 
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III . RESULTS 

A. Population Abundance and Distribution 

1. Taxonomic Composition and Population Trends 
There were 1029 different taxa identified in this 

Central Gulf Platform Study . Of the total, 353 were 
meiofauna, 576 were macroinfauna, and 284 were mac-
roepifauna or demersal fish . Appendix B lists 172 taxa 
that were common to one or more groups . Over 42% of 
these taxa were found in meiofauna and macroinfauna 
(M-M), 50% were found in both macroinfauna and 
macroepifauna and demersal fish (M-DF), and only 
about 7% were common to all three groups (M-M-M) . 

Table 6 lists the percentage of major taxa com-
mon to all three groups . Polychaeta had the highest 
total percentage (32.0) of any of the different taxa, the 
highest in the M-DF group (14.5%) and the M-M-M 
group (5.8%) and the second highest in the M-M group 
(11 .6%) . Nematoda had the highest percentage in the 
M-M group (12.2) . Of 13 taxa in the M-M-M group, ten 
were polychaetes (5.8% of total) and two were bivalves 
(1 .2% of total) (Table 7) . Of these taxa, four ranked in 
the top ten macroinfauna taxa during Cruise II only . 

a . Meiofauna 
A total of 353 taxa were identified during all 

three cruises . Fewer taxa were collected each succeeding 
cruise (Cruise I - 259 taxa, Cruise II - 210 taxa, Cruise 
III - 161 taxa) . The major taxonomic groups identified 
were Foraminifera, other Protozoa, Turbellaria, Rhyn-
chocoela, Kinorhyncha, Nematoda, Polychaeta, and 
Harpacticoida . Table 8 presents the percentage of total 
number of taxa per cruise for each of the above taxa . 
Nematoda included the greatest number of different 
taxa in all three cruises (Cruise I - 22.5%, Cruise II -
29.5%, and Cruise III - 29.6%) and in the total number 
of taxa (20.9%) . Harpacticoida (H) had the second 
highest number of total taxa (18.9%) followed closely 
by the Foraminifera (F) . However, on an individual 
cruise basis, the Foraminifera had the second highest 
number (Cruise I - F, 19.4%, H, 18.6% ; Cruise II - F, 
18 .6%, H, 14.7%; Cruise III - F, 21 .7%, H, 18.6%) . 
Polychaeta (all temporary meiofauna) had the fourth 
highest number of taxa with a total percentage of 
10.1%. 

There does not appear to be a pronounced 
seasonal trend in number of taxa of Foraminifera, 

TABLE 6. Percent composition of those taxa common to meiofauna, macroinfauna, 
and/or macroepifauna and demersal fish . 

axa 
Meiofauna 

Macroinfauna 

Macroinfauna 
Macroepifauna 
Demersal Fish 

Meiofauna 
Macroinfauna 
Macroepifauna 
Demersal Fish otal 

Foraminifera 4.1 4 .1 
Nematoda 12.2 12.2 
Polychaeta 11 .6 14.5 5 .8 31 .9 
Gastropoda 1 .7 5.2 6.9 
Bivalvia 2.3 2.9 1 .2 6 .4 
Decapoda 9.3 9.3 
Echinodermata 0.6 4.1 4 .7 
Osteichthyes 0 .6 4.7 0.6 5 .9 
Other 9 .3 9 .3 18 .6 
Total ~ 42 .4 S0A ~ 7 .6 100.0 

TABLE 7. List of species common to meiofauna, macroinfauna, and/or macroepifauna and demersal fish . 

Meiofauna Macroinfauna 
Macroepifauna 
Demersal Fish 

No . No . No . No . No . No. 
Taxa Occurrence Individuals Rank Occurrence Individuals Rank Occurrence Individuals Rank 

Rhynchocoela 67 12<6 32 132 5235 2 6 12 69 
St6enelais boa MY 2 6 212 6 330 26 S 61 71 
Gyptis vittata (P) 1 2 305 42 86 54 2 S 129 
Nephtys incise (P) 17 108 91 106 1798 6 6 24 63 
Glycera americaaa (P) 1 4 259 64 369 28 2 6 128 
Lumbrineris tennis (P) 4 12 165 105 1629 8 2 S 130 
Paraprionospiopinnata (P) 23 139 78 137 23121 1 S IS 74 
Armsndia maculate (P) 7 43 133 72 322 22 1 1 220 
Notomastuslatericeus (P) 58 874 38 103 1033 11 1 4 176 
Amphuete acutitrons (P) S 20 151 62 649 31 1 1 224 
Ampharete americana (P) 16 282 93 31 47% 66 1 4 177 
Nuculana concentrica (B) 1 4 262 84 1242 16 1 1 235 
Corbula rnntracta B S 30 147 10S 1734 7 4 S 91 
'(P) denotes Polyc6un (8) denotes Rivalvia 
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Nematoda, Polychaeta, and Harpacticoida (Table 8) . 
Numbers of individual taxa for the other major taxa, 
i .e ., other Protozoa, Turbellaria, Rhynchocoela, and 
Kinorhyncha, are so small that a seasonal trend cannot 
be ascertained . Thus, it appears a seasonal balance is 
maintained by a change in taxonomic composition and 
not a change in taxonomic abundance . The taxonomic 
category "Other" did show a marked reduction from 
Cruise I to Cruise III (Table 8) and the total taxa under 
this category indicated little duplication between 
cruises . 

Table 9 lists the ranks of the top 15 meio-
fauna taxa which were identified in each of the three 
cruises . Consistently present within the top 15 taaca were 
4 species of Foraminifera, 10 Nematoda taxa, and one 
family of Rhizopoda, Protozoa . The ranks of the top 10 
meiofauna taxa among the three cruises were not signifi-
cantly different, but the ranks of the top IS taxa were 
significantly different at the p < 0.05 level of signifi-
cance . 

Foraminifera (F) was the most abundant 
taxon found, having an average abundance of 55.3% 
over all Cruises (Table 10) . Nematoda (N) was the sec-
ond most abundant taxon with an overall average abun-
dance of 37 .4% . Foraminifera were more abundant 

than Nematoda during Cruise I (F - 59.1016, N - 32.0% 
and Cruise lI (F - 68.7%, N - 26.2%), while Nematoda 
were more abundant than Foraminifera during Cruise 
III (N -54.1 %, F - 38 .1 %) . Next highest in abundance 
were other Protozoa with an average abundance of 
3 .1 % . All other taxa had a very low overall average 
abundance . Based on total percent of the number of in-
dividuals for each taxon per cruise, there does not ap-
pear to be a seasonal trend (Table 10) . 

During Cruise I, a low of 324,423 individuals 
per m2 was found at P3 N2000 and a high of 4,068,339 
individuals per mz at C22 . During Cruise II, a low of 3,-
729 individuals per m2 was collected at S17 N2000 and a 
high of 4,331,855 individuals per m2 at P4 52000 . For 
Cruise III, a low of 43,505 individuals per mz was col-
lected at C23 and a high of 1,380,973 individuals per mz 
at P3 E2000 . 

b. Macroinfauna 
A total of 576 different taxa were identified 

during all three cruises . Fewer taxa were collected 
each succeeding cruise (Cruise I - 424 taxa, Cruise II -
309 Taxa, Cruise III - 266 taxa) . Major taxonomic 
groups identified were Anthozoa, Rhynchocoela, Poly-
chaeta, Gastropoda, Bivalvia, Decapoda, Crustacea, 

TABLE 8. Percent total number of taxa per cruise for the dominant meiofauna. 

Number of Taxa 
Crui se I Cruise II Cruise III Total 

Taxa No. % No. % No. % No. % 
Foraminifera 50 19.4 39 18 .6 35 21 .7 53 15.6 
Protozoa' 21 8 .1 10 4.8 4 2.5 24 7.1 
Turbellaria 1 0.4 1 0.5 1 0.6 1 0.3 
Rhynchocoela 1 0 .4 1 0 .5 1 0.6 1 0 .3 
Kinorhyncha 9 3.5 4 1 .9 3 1 .9 9 2.6 
Nematoda 58 22.5 62 29 .5 46 28.6 71 20.9 
Polychaeta 19 7.4 23 10.9 22 13.7 34 10.1 
Harpacticoida 48 18.6 41 14.7 30 18.6 64 18.9 
Other 51 19.7 39 18 .6 19 11 .8 82 24.2 
Total T 258 100.0 210 100.0 161 100.0 339 100.0 
Designation includes all Protozoa other than Foraminifera . 

TABLE 9. Ranks of the top 15 meiofauna taxa by cruise. 

Rank2 
Taxa Cruise I Cruise II Cruise III 

Sa6atieria (N) ~ 2 1 3 
Bolivina lowmani (F) 11 3 1 
Gromiidae (Pr) 3 2 8 
Dorylaimopsis (N) 8 8 2 
Cyatholaimidae (N) 4 5 7 
Theristus (N) 5 7 4 
Buliminella morgani (F) 9 4 6 
Linhomoeidae (N) 12 6 5 
Nonionella 6asiloba (F) 1 9 10 
Choniolaimidae (N) 13 10 9 
Terschellingia (N) 10 11 11 
Ammonia beccarii (F) 6 12 12 
Chromadoridae (N) 7 15 14 
Tricoma (N) 14 13 15 
Sphaerolaimus (N) IS 14 13 
~(N) denotes Nematoda 
(F) denotes Foraminifera 
(Pr) denotes Rhizopoda, Protozoa 

ZThe ranks of the top IS meiofauna taxa for the three cruises were significantly different at the <0 .05 level of significance. 
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TABLE 10. Percent total number of individuals per cruise for the dominant 
meiofauna taxa . 

Percent Total Number of Individuals/Cruise 
Taxa Cruise I Cruise Il Cruise III Average 

Foraminifera 59.1 68.7 38.1 55.3 
Protozoan 4.8 2.2 2.2 3.1 
Turbellaria 0.2 0.2 0.7 0.4 
Rhynchocoela 0.1 0.6 0.1 0.3 
Kinorhyncha 0.9 0.4 0.6 0.6 
Nematoda 32.0 26.2 54 .1 37.4 
Polychaeta 0.8 0.6 1 .5 1 .0 
Harpacticoida 13 0.3 2.1 1 .2 
Other2 0.8 0.8 0.6 0.7 
Total 100.0 100.0 100.0 100.0 
I Includes all Protozoa except Foraminifera. 
ZDesignation includes allother taxa not listed 

Sipunculida, and Echinodermata . Table 1 I presents the 
percentage of total number of taxa per cruise for each of 
the above taxa . Polychaeta included the greatest total 
number of different taxa (28.9%), followed by the 
Crustacea (14.7%) . Polychaeta were also dominant dur-
ing each cruise (Cruise I - 29.9%, Cruise II - 33.6%, and 
Cruise III - 39.1%) . Bivalvia and Decapoda were third 
(12.1%) and fourth (10.6%), respectively, in total num-
ber of different taxa . There does not appear to be a sea-
sonal trend in numbers of taxa (Table 11), perhaps indi-
cating maintenance of stability through variation in 

taxonomic composition. The taxonomic category 
"Other," as with meiofauna, showed a marked reduc-
tion from Cruise I to Cruise III . The total number of 
taxa included under "Other" indicated little duplication 
of taxa betvy=nFruses . 

.'amble 12 lists the ranks of the top ten macroin-
fauna taxa among the three cruises . The top ten 
included one taxon of Rhynchocoela, eight species and 
one genus of Polychaeta, and one species of Bivalvia . 
The ranks of the top ten macroinfauna faze among the 
three cruises were significantly different at the p < 0.05 
level of significance . 

TABLE 11 . Percent total number of taxa per cruise for the dominant macroinfauna 

Number of Taxa 
Cru ise I Cru ise II Crui se III Total 

Taxa No. % No. % No. % No. % 
Anthozoa 8 1 .9 7 2.3 6 2.3 9 1.7 
Rhynchocoela 3 0.7 3 1 .0 2 0.7 4 0.7 
Polychaeta 127 29.9 104 33.6 104 39.1 158 28.9 
Gastropods 42 9.9 32 10.3 19 7.2 54 9.9 
Bivalvia 44 10.4 37 12.0 36 13.5 66 12.2 
Decapoda 47 11 .1 25 8.0 32 12.0 58 10.6 
Crustacea 65 15 .3 34 11 .0 30 11 .3 80 14.7 
Sipunculida 8 1 .9 7 2.3 8 3.0 8 1 .5 
Echinodermata 14 3 .3 11 3.6 10 3.8 18 3.3 
Other 66 15 .6 49 15.9 19 7 .1 90 16.5 
Total 424 100.0 309 100.0 266 100.0 545 100.0 

TABLE 12 . Ranks of the top ten macroinfauna taxa by cruise . 

Rankz 
Taxa Cruise I Crui se II Cruise III 

Paraprionospio pin nate (P)l 1 1 2 
Rhynchocoela 2 2 I 
Sigambra tentacula ta (P) 4 3 4 
Cossura delta (P) 5 5 8 
Magelona phyllisae (P) 10 4 7 
Nephtys incise (P) 6 6 10 
Corbula contracts (B) 7 8 
Lumbrineris tennis (P) 8 7 
Tharyx marioni (P) 3 9 9 
Nereis P 9 10 g 
~(P) denotes Polychaeta. 
(B) denotes Bivalvia . 

zThe ranks of the top ten macroinfauna take for the three cruises were significantly different at the <0 .05 level of significance. 
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Polychaeta was the dominant taxon with an 
average percentage of total number of individuals for all 
cruises of 68.9% (Table 13) . Second in dominance was 
Bivalvia with 7.2% . All other taxa averaged 7.0%, with 
individual percentages of 5.0% or less . There appeared 
to be no marked change in percent of total number of 
individuals between cruises . 

During Cruise I, a low of 1,001 individuals per 
m2 was found at P4 E500 and a high of 9,338 individu-
als per m2 at P2 WS00. During Cruise II, a low of 45 in-
dividuals per m2 was collected at S13 NS00 and a high of 
2,981 individuals per mz at SS N2000 . For Cruise III, a 
low of 101 individuals per m2 was collected at P4 W500 
and a high of 4,433 individuals per mz at P2 E500 . 

c. Macroepifauna and Demersal Fish 
A total of 284 different taxa were identified 

during all three Cruises, (Cruise I - 106 taxa, Cruise II -
218 taxa, and Cruise III - 120 taxa). The greatest 

number of taxa was collected during Cruise II because 
of the additional sites visited during that cruise . One 
hundred ten different taxa were collected at the Primary 
and Control Sites and 108 taaca at the 16 Secondary 
Sites . Major taxonomic groups identified were Poly-
chaeta, Molluscs, Decapoda, Echinodermata, and Os-
teichthyes . Table 14 presents the percentage of total 
number of taxa per cruise for each of the above taxa . 
Osteichthyes included the highest total number of dif-
ferent taxa (33.5%) followed by the Decapoda (21 .0%) . 
This rank order of dominance between Osteichthyes and 
Decapoda was maintained during each cruise . Molluscs 
and Polychaeta were next in total number of different 
taxa, with 17.6% and 16.9%, respectively . The domi-
nance order between Molluscs and Polychaeta alter-
nated during each cruise (Table 14) . 

Echinodermata had the highest percentage of 
total number of individuals (26.9%) for all three cruises 
(Table 15) . However, the Echinodermata was 

TABLE 13 . Percent total number of individuals per cruise for the 
dominant macroinfauna taxa . 

Percent Total Number of Individuals/Cruise 
Tax a Cruise I Cruise II Cruise III Total 

Anthozoa 0.5 0.3 0.02 0.3 
Rhynchocoela 4.9 3.2 4.6 4.2 
Polychaeta 67.7 68.4 70.6 68.9 
Gastropods 1 .4 3.7 0.9 2.0 
Bivalvia 10.3 6.2 5 .2 7.2 
Decapoda 0.9 1 .3 2.5 1 .6 
Crustacea 3 .4 2.3 3 .2 3.0 
Sipunculida 3 .4 7.6 4.0 5.0 
Echinodermata 0.7 1 .0 0.8 0.8 
Other' 6.8 6.0 8.2 7.0 
Total 100.0 100.0 100.0 ~ 100.0 
Designation includes all other taxa not listed . 
ZA value of 0.0 indicates rounding to one decimal place. 

TABLE 14. Percent total number of taxa per cruise for the dominant 
macroepifauna and demersal fish . 

Number of Taxa 
Cru ise I Cruise II Cruise III Total 

Taxa No . % No. % No. % No. % 
Polychaeta 16 15 .1 36 16.5 12 10.0 46 16.9 
Molluscs 7 6.6 38 17 .4 23 19.2 48 17.6 
Decapoda 28 26.4 48 22.0 28 23.4 57 21 .0 
Echinodermata 4 3 .8 6 2.8 1 0 .8 8 2.9 
Osteichthyes 41 38 .7 74 33 .9 49 40.8 91 33 .5 
Other 10 9.4 16 7 .4 7 5.8 22 8 .1 
Total 106 100.0 218 100.0 120 100.0 272 100.0 

TABLE 15 . Percent total number of individuals per cruise for the dominant 
macrcepifauna and demersal fish taxa . 

Percent Total Number of Individuals/Cruise 
Taxa Cruise I Cruise II Cruise III Average 

Polychaeta 1 .8 3 .0 3 .3 2 .7 
Molluscs 4.5 4 .4 3.2 4.0 
Decapoda 48.6 17 .5 10 .7 25 .6 
Echinodermata 21 .0 21 .5 38 .2 26.9 
Osteichthyes 11 .6 19.8 33.3 21 .6 
Other' 12.5 33.8 11 .3 19.2 
Total 100.0 100.0 100.0 100.0 
Designation includes all other taxa not listed . 
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dominated by a single species of asteroid, Astropecten 
duplicatus, that comprised 97.7% of the individuals in 
this group . Percentage of total number of individuals of 
the Echinodermata was relatively constant for Cruises I 
and II but increased during Cruise III . Percentage of 
total number of Osteichthyes increased significantly 
from Cruise I to Cruise III . The opposite trend occurred 
for Decapoda . This variation in number of individuals 
may indicate seasonal effects . However, the category 
"Other" had the same relative percentage for Cruises I 
and III, which had identical sampling sites . Percentages 
did increase during Cruise II when there was an increase 
in sampling sites . 

2. Species Diversity 

a. Meiofauna 
Examination of the diversity and evenness 

values for each station by cruise does not indicate a 
trend either along a specific transect or in a specific di-
rection from the Primary or Secondary Platforms or at 
Control Sites (See Appendix C, Tables C1, C2, and C3) . 
Table 16 presents the average diversity and evenness va-
lues by Primary, Secondary, and Control Sites for all 
three cruises . 

During Cruise I, diversity and evenness were 
highest at P2 and lowest at P3 ; P1 and P4 had similar 
intermediate diversity and evenness values during Cruise 
II ; P3 and P4 were also similar . During Cruise III, P1 
and P2 were again similar in diversity and evenness ; al-
though P3 had the highest diversity value, it had the 
lowest evenness value . At P1, diversity remained fairly 
stable over all cruises, but evenness increased with each 

cruise . At P2, diversities fluctuated from a high of 2.99 
during Cruise I, to a low of 2.31 during Cruise II, to a 
value of 2.65 during Cruise III . Evenness values at P2 
were very similar for Cruises I and III, but the value de-
creased for Cruise II . Site P3 had similar diversities for 
Cruises I and II, but the value increased dramatically 
for Cruise III ; evenness values followed the same pat-
tern . The fluctuation in diversity at P4 appeared to be 
slight over all cruises but evenness changed dramatically 
to a high 4or Cruise III . 

During Cruise I, diversities and evenness 
were very similar at C21, C22, and C23, but markedly 
different at C24 (Table 16) . However, during Cruise II, 
C21 was different from C22, C23, and C24. For Cruise 
III, diversity and evenness were similar for C21, C22, 
and C24, but at C23 the diversity was lower and the 
evenness value higher than the other sites . Comparison 
of diversity and evenness for C21 over all cruises indi-
cated an increase in both . For C22, there was a similar 
increase in diversity and evenness from Cruise I to 
Cruise III . Diversity during Cruise II dropped while the 
evenness increased over that of Cruise I . Diversity and 
evenness at C23 remained fairly constant during Cruises 
I and II but increased during Cruise III . The diversity 
and evenness values at C24 dropped to a low of 1 .66 
during Cruise II, while the values for Cruises I and III 
were close . 

Diversities at 510, S11, SIS, 516, 517, 518, 
and S20 were generally as high as at the Primary and 
Control Sites during Cruise III (Table 16) . The other 
Secondary Sites had diversities similar to low values ob-
tained for the Primary and Control Sites during Cruises 
I and II . Sites S5, S7, S9, 512, and S19 had similar 

TABLE 16 . Average diversity and evenness values for meiofauna 
by site and cruise . 

Evenness 
Diversity Pielou Hei 

Site Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III 
PO1 2.35 2.32 2.65 0.590 0.677 0.752 0.197 0 .313 0.400 
P02 2.99 2 .31 2.65 0.705 0.641 0.729 0.281 0 .255 0.357 
P03 2.07 1 .98 2.89 0.559 0.513 0.705 0.154 0.142 0.303 
P04 2.44 2 .12 2.56 0.602 0.538 0.756 0.188 0.146 0.432 
S05 2 .00 0.598 0.233 
S06 2 .10 0.832 0.629 
S07 1 .89 0.599 0.280 
S08 1 .24 0.375 0.094 
S09 1 .80 0.563 0.230 
S10 2.78 0.709 0.308 
S11 2 .65 0.690 0.292 
S12 1 .72 0.516 0.172 
S13 1 .65 0.688 0.435 
S14 2.04 0.724 0.493 
S15 2.71 0.814 0.527 
S16 2.49 0.645 0.239 
S17 2.32 0.950 0.852 
S18 2.44 0.771 0.488 
S19 2.08 0.622 0.266 
S20 2.35 0.618 0.155 
C21 1 .95 2.31 2.92 0.499 0.650 0 .793 0.123 0.267 0 .452 
C22 1 .95 1 .42 2.82 0.447 0.490 0.780 0.077 0.184 0.437 
C23 1 .97 1 .85 2.55 0.504 0.459 0 .851 0.126 0.096 0.622 
C24 2.80 1 .66 3 .12 0.731 0.423 0.806 0.342 0.086 0 .461 
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diversity and evenness values . Diversities at S6, S 13, and 
S14 were similar to the diversities at the above sites but 
the evenness values were higher . Sites S 10 and S 11 were 
very similar to each other in diversity and evenness, as 
were S16 and S 10, but the evenness values were higher . 
Diversity and evenness at SS were the lowest of any Sec-
ondary Site ; the highest diversity was at S15, accompa-
nied by a high evenness value . 

Perhaps a better way to compare diversities is 
by comparing diversities of similar taxonomic groups . 
Table 17 presents the average diversity and evenness va-
lues for seven major meiofauna taxa for all three 
cruises . Foraminifera diversity appeared to remain con-
stant over all cruises while the distribution of individu-
als among species, as evidenced by the evenness values, 
increased from Cruise I to Cruise III . Diversity values 
for Protozoa (other than Foraminifera) were very low 
for all three cruises but dropped markedly from Cruise I 
to Cruises II and III . There is a corresponding decrease 
in evenness values for the Protozoa . Nematoda diversi-
ties for Cruises I and III appeared to be similar, both 
being different from the diversity found during Cruise 
II . However, evenness values for the Nematoda did not 
indicate any difference . Diversity for Polychaeta was 
higher for Cruise I than for Cruises II and III, whose va-
lues were similar . The same trend can be observed in the 
evenness values . Harpacticoida had a high diversity dur-
ing Cruise I, it decreased markedly in Cruise II, and fi-
nally rose somewhat in Cruise III . A similar trend was 
noted in the evenness values (Table 17) . Generally, the 
Nematoda had the highest diversity, followed by the 
Foraminifera . The diversity for each taxa, except For-
aminifera, was higher during Cruise I than Cruises II or 
III . 

Generally, the changes in diversities of the 
major taxa appeared to be in response to changes in 
evenness and not changes in number of species . How-
ever, changes in number of species did affect the diver-
sity values for Foraminifera, Cruise II, and Nematoda, 
all cruises . 

6. Macroinfauna 
Examination of the diversity or evenness va-

lues for each station by cruise does not indicate a trend 
either along a specific transect or in a specific direction 
from the Primary or Secondary Platforms or at Control 
Sites (See Appendix C, Tables C4, C5, and C6) . Table 
18 presents the average diversity and evenness values for 
Primary, Secondary, and Control Sites for all three 
cruises . 

Diversity and evenness values at P2, P3, and 
P4 for Cruise I were similar to each other, but values at 
P 1 were much lower . During Cruise II, both diversity 
and evenness at the Primary Sites showed wide fluctua-
tion. For Cruise III, P1 and P3 were similar to each 
other, P2 was lower, and P4 was higher . Diversity in-
creased at P1 over all three cruises as did evenness . For 
P2, diversity was high during Cruise I, dropped very low 
during Cruise II, then rose somewhat during Cruise III . 
Diversity at P3 was similar during Cruises I and II, but 
the evenness declined during Cruise II . During Cruise 
III, diversity at P3 was lower than during the previous 
two cruises, but the evenness was the highest of all three 
cruises . At P4, diversities during all three cruises were 
similar with a marked increase in evenness during Cruise 
III . 

For the Control Sites there was a marked 
fluctuation in diversity and evenness values (Table 18) . 
During Cruise II, C23 and C24 had similar diversities 
while the evenness value for C24 was slightly higher 
than for C23 . Diversity for Cruise II was lowest at C21 
but it had the highest evenness value of all the Control 
Sites . Thus, there was a marked reduction in number of 
species as compared to the other Control Sites . During 
Cruise III, C22 and C24 had similar diversities and 
evenness, while C23 was higher and C21 was lower . At 
C21, there was a marked reduction in number of species 
during Cruise II as indicated by the low diversity and 
high evenness in relation to values found during Cruises 
I and III . At C22, diversity decreased during Cruise II 
from that found during Cruise I, but the evenness values 
were similar . Therefore, there was a decrease in number 
of species from Cruise I to Cruise II, followed by an in-
crease in both number of species and evenness during 
Cruise III . Diversities at C23 were similar during all 
three cruises, but there was a marked increase in even-
ness during Cruise III . It would appear that the increase 
in evenness during Cruise III offset a decrease in num-
ber of species . At C24, diversity and evenness were both 
low during Cruise I, increased to a high during Cruise 
II, and then decreased slightly during Cruise III . Fluctu-
ations in diversity at C24 appeared to be closely regu-
lated by changes in evenness . 

At the Secondary Sites, diversity and even-
ness were generally high (Table 18) . Site SS had the low-
est diversity and evenness values. The highest diversity 
and evenness values were found at 515, 517, and S18 . 
Sites S9, S14, and S16 shared similar diversities and 
evenness . Similar diversities were found at S13, S19, 
and 520, but S13 was marked by a very large evenness 

TABLE 17 . Average diversity and evenness values of 
major meiofauna taxa by cruise . 

Evenness 
Diversit y Pielou Hei 

Site Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III 
Foraminifera 1 .28 1 .08 1 .45 0.484 0 .512 0.658 0.215 0.301 0.417 
Protozoan 0.28 0.07 0.03 0.244 0.093 0.035 0.191 0.082 0.030 
Kinorhyncha 0.49 0.18 0.09 0.526 0.217 0.120 0 .454 0.192 0.114 
Nematoda 2.40 2.00 2.23 0.742 0.738 0.761 0.416 0.475 0.473 
Polychaeta 1 .24 0.67 0.72 0.749 0.575 0.618 0.666 0.534 0.555 
Harpacticoida 1 .48 0.32 0.82 0.771 0.275 0.527 0.659 0.220 0.471 
Other 0.93 0.45 0.34 0.595 0.391 0.427 0.533 0.360 0.414 
'Designation includes all Protozoa other than Foraminifera 
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TABLE 18 . Average diversity and evenness values for macroinfauna 
by site and cruise . 

Evenness 
Diversit y Pielou Hei 

Site Cruise I Cruise II Cruise III Cruise I Cruise lI Cruise III Cruise I Cruise II Cruise III 
PO1 2.01 2.20 2.64 0.485 0.673 0.724 0.108 0.327 0.363 
P02 3 .10 1.52 2.06 0.650 0.469 0.526 0.183 0.162 0.159 
P03 3 .22 3.11 2.84 0.693 0.554 0.710 0.236 0.369 0.318 
P04 3 .05 2 .83 3.13 0.722 0.739 0.884 0.300 0.362 0.657 
S05 1 .26 0.397 0.110 
S06 2 .53 0.891 0.721 
S07 2 .57 0.837 0.594 
S08 2.36 0.727 0.388 
S09 2.90 0.849 0.587 
S10 2.27 0.755 0.451 
S11 2.17 0.653 0.291 
S12 2.29 0.696 0.372 
S13 2.02 0.854 0.691 
S14 3 .10 0.801 0.454 
S15 3 .38 0.889 0.649 
S16 3 .02 0.882 0.508 
S17 3.30 0 .882 0.637 
S18 3 .45 0.857 0.555 
S19 2.10 0.554 0.166 
S20 1 .95 0.569 0.204 
C21 2.02 1 .47 1 .92 0.485 0.820 0.523 0.103 0.670 0.152 
C22 2.48 1 .86 2.86 0.584 0 .592 0.826 0.159 0.245 0.532 
C23 3.25 2.99 3 .21 0.770 0.772 0.927 0.370 0.401 0.768 
C24 1 .22 2.98 2.78 0.353 0 .819 0.788 0.077 0.504 0.458 

value compared to that found at S15, S17, and S18 . 
Sites S6 and S7 were similar in diversity, with the even-
ness at S6 slightly higher than that at S7. Diversities and 
evenness at S8, 510, S11, and S12 were very similar but 
fluctuated somewhat . 

Table 19 presents the average diversity and 
evenness values by cruise for the ten major macroin-
fauna taxa . Diversity and evenness values for the An-
thozoa taxa were lower during Cruises II and III than 
during Cruise I . Diversity among the Rhynchoccela was 
fairly constant with changes only in evenness . This trend 
is a direct reflection of the taxonomic problems with the 
group . Polychaeta diversity remained fairly constant, 
while evenness increased from Cruise I to Cruise III . 
Gastropods diversity and evenness declined from Cruise 

I to Cruise III as did the values for Bivalvia, which had a 
lower diversity during Cruise II than during Cruise III . 
Diversity values for both Decapoda and Crustacea fluc-
tuated in a way similar to that seen for Bivalvia, with 
changes in diversity being caused by changes in evenness 
and probably coupled with very small changes in num-
ber of species . Evenness changes in Sipunculida ap-
peared to influence the reduction in diversity from 
Cruise I to Cruise III . A similar change was observed in 
the Echinodermata from Cruise II to Cruise III . 

c. Macroepifauna and Demersal Fish 
Table 20 presents the diversity and evenness 

values for Primary, Secondary, and Control Sites for all 
TABLE 19 . Average diversity and evenness values of major macroinfauna 

taxa by cruise . 

Evenness 

Taxa Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III 
Anthozoa 0.31 0.10 0.06 0.238 0.136 0.056 0.201 0 .131 0.056 
Rhynchocoela 0.05 0.08 0.01 0.067 0.120 0.015 0.050 0 .109 0.012 
Polychaeta 2.10 1 .94 2.19 0.578 0.686 0.703 0.216 0 .425 0.433 
Gastropods 1 .30 0.81 0.57 0.713 0.580 0.540 0.576 0 .503 0.503 
Bivalvia 1 .31 0.75 0.96 0.671 0.537 0 .617 0.474 0.461 0.516 
Decapoda 1 .62 0 .66 1 .17 0.863 0.565 0 .803 0.758 0.533 0.711 
Crustacea 1 .27 0.46 0.60 0.653 0.399 0.496 0.485 0.366 0.447 
Sipunculida 0.46 0.20 0.21 0.490 0.243 0.282 0.422 0.218 0.244 
Echinodermata 0.82 0 .25 0.33 0.649 0.269 0 .409 0.582 0.253 0.392 
Other 1 .28 0 .43 0.52 0.648 0.359 . 0 .492 0.439 0 .309 0.439 
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TABLE 20. Average diversity and evenness values for macroepifauna and 
demersal fish by site and cruise . 

Evenness 
Diversit Pielou Hei 

Site Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III 
P01 2.29 2.72 2.70 0.674 0.846 0.874 0.307 0.593 0.661 
P02 1 .86 2 .08 2.56 0.537 0.766 0.886 0.175 0.497 0.704 
P03 1 .61 0.27 2.36 0.548 0.079 0.583 0.223 0.010 0.171 
P04 1 .67 2.18 1 .71 0.526 0.635 0.530 0.188 0.262 0.188 
S05 2.05 0.654 0.308 
S06 2.57 0.660 0.251 
S07 2.38 0.644 0.251 
S08 2.45 0.791 0.502 
S09 1 .89 0.511 0.144 
S10 1 .85 0.771 0.535 
S11 2.18 0.945 0.868 
S12 131 0 .811 0.672 
S13 2 .43 0.635 0.231 
S14 2 .04 0 .574 0.197 
S15 2 .77 0.706 0.301 
S16 2 .76 0.725 0.336 
S17 3 .19 0.834 0.518 
S18 2 .54 0.675 0.278 
S19 1 .60 0.644 0.359 
S20 2.18 0.910 0.786 
C21 2.08 2 .08 2.72 0.788 0.683 0.844 0.538 0.350 0.589 
C22 1 .53 1 .52 1 .72 0.596 0.781 0.555 0.301 0.596 0.217 
C23 1 .69 1 .13 0.98 0.439 0.305 0.266 0.096 0.053 0.043 
C24 1 .52 1 .17 2 .86 0.633 0.430 0.728 0.356 0.158 0.330 

three cruises. Note that these values were based on only 
one trawl at each site . 

Diversity and evenness values at P2, P3, and 
P4 were very similar during Cruise I while P1 had a 
higher diversity and evenness . During Cruise II, diversi-
ties at P2 and P4 were similar but evenness at P2 was 
higher . Site PI had high diversity and evenness while P3 
had a very low diversity and evenness . Diversities and 
evenness at P1 and P2 were similar during Cruise III 
with lower diversities and evenness at P3 and P4 . At P1 
both diversity and evenness increased from low values 
during Cruise I to higher and similar values during 
Cruises II and III . At P2 there was a steady increase in 
diversify and evenness from Cruise I to Cruise III . Di-
versity and evenness at P3 were somewhat similar in 
Cruises I and III, but were very low during Cruise II . 
Diversities and evenness at P4 were similar for Cruises I 
and III, and both values increased during Cruise Il . Di-
versities and evenness at P4 were similar for Cruises I 
and III, and both values increased during Cruise II . 

Diversity was very similar at C22, C23, and 
C24 during Cruise I, but evenness was quite varied 
(Table 20) . At C21 diversity and evenness both were 
high . During Cruise II, diversity was similar at C23 and 
C24 but evenness was varied ; C22, with a lower diversity 
than C21, had a higher evenness value than C21 . During 
Cruise III, diversities at C21 and C24 were similar but 
evenness values were different . Site C23 had a very low 
diversity and a low evenness . Diversity at C21 was simi-
lar during Cruises I and II, but evenness was lower dur-
ing Cruise II . Cruise III diversity and evenness were 
high at C21 . Comparison of changes at C22 over all 
cruises indicated similar diversities, but an increase in 

evenness during Cruise II . Diversity and evenness at C23 
both decreased from Cruise I to Cruise III . At Site C24, 
diversity and evenness during Cruise II decreased some-
what from the value during Cruise I, but increased 
greatly during Cruise III . 

Among the Secondary Sites, S5, S9, S10, 
511, 514, and S20 had similar diversities, but were quite 
varied in evenness (Table 20) . Thus, based on similar di-
versities, as the number of species decreased the even-
ness increased . Diversities and evenness were similar at 
S6, S7, S8, S13, and S18 except for a high evenness at 
S8 . Both S12 and S19 had low diversities, but S12 had a 
high evenness value . The highest diversity was measured 
at S17 which also had a high evenness . 

Table 21 presents the average diversity and 
evenness values for six major macroepifauna and de-
mersal fish taxa . Osteichthyes had the highest diversi-
ties, and evenness over all cruises varied in the same way 
as the change in diversity . Highest diversity and even-
ness were measured during Cruise III . Decapoda had 
similar diversities and evenness during Cruises I and II, 
and an increase during Cruise III . Polychaeta diversity 
and evenness decreased from Cruise I to Cruise III, 
while that for Mollusca increased greatly from Cruise I 
to Cruise II then decreased slightly in Cruise III . Diver-
sity and evenness for the Echinodermata were similar 
for Cruises I and II ; only one individual of each Echino-
dermata taxon was collected during Cruise III, which 
prohibited calculation of diversity and evenness . 

3. Macroinfauna:Meiofauna Ratio 
The macroinfauna:meiofauna (M:M) ratio, cal-

culated for each station and each cruise, is presented in 
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TABLE 21 . Average diversity and evenness values of major macroepifauna and 
demersal fish taxa by cruise . 

Evenness 
Diversit y Pielou Hei 

Taxa Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III 
Polychaeta 0.74 0.60 0.25 0.467 0.456 0.194 0.438 0.388' 0.160 
Mollusca 0.06 0.78 0.54 0.081 0.490 0.374 0.071 0.391 0.302 
Decapoda 1 .03 0.95 0.41 0.595 0.554 0.723 0.432 0.422 0.523 
Echinodermata 0.06 0.07 --1 0.090 0.073 --' 0.081 0.054 
Osteichthyes 1 .42 1 .39 1 .91 0.681 0.538 0.703 0 .514 0.355 0.444 
Other 0.69 0.51 0.39 0.570 0.427 0.366 0.491 0.358 0.311 
I Insufficient numbers of individuals per taxa to calculate diversity or evenness 

Appendix D, Tables D1, D2, and D3. No trends along 
transects or in a particular direction from a site were evi-
dent . Table 22 presents the average M:M ratio per site 
for each cruise . During Cruise I, ratios greater than 100 
were calculated at P4 and C22, while C24 had one of the 
lowest ratios . During Cruise II, C21 had the highest 
ratio of all sites . In fact, three Control Sites had values 
higher than the highest value recorded during Cruise I 
(Table 22) . During Cruise III, ratios greater than 100 
were calculated at P1, P3, P4, and C22 . Comparison of 
the ratios over all three cruises indicates an increase in 
the ratio from Cruise I to Cruise III at P1 and P3, with 
the ratio remaining fairly stable at P2 and C22 (Table 
22) . At the other Primary and Control Sites, there was a 
marked increase during Cruise II ; the ratio for Cruise 
III was either slightly above or slightly below Cruise I 
values . 

Table 23 presents the average M:M ratio by depth 
zonation (less than 30 m, 30 to 90 m, and greater than 91 
m) for each cruise . This depth zonation is based primar-
ily upon Defenbaugh (1976) . During Cruises I and III, 

the ratio tended to increase with depth ; for Cruise II the 
ratio showed a marked decline with increased depth . 
The increase in number of sampling sites during Cruise 
II, i .e ., Secondary Sites, and the resulting high ratios at 
the Secondary Sites may account for the high ratio dur-
ing Cruise II at depths less than 20 m . However, the 
total overall average indicated a decrease in the M:M 
ratio with depth . 

4. Meiofauna 

a. Foraminifera 

(1) Population Trends-A total of 53 differ-
ent taxa of Foraminifera were identified in the meio-
fauna, SO during Cruise I, 39 in Cruise II, and 53 in 
Cruise III (Table 8) . Table 24 presents the frequency of 
observation, abundance, and rank for the meiofaunal 
Foraminifera collected in this project . Bolivina low-
mani, Buliminella morgani, Nonionella basiloba, and 
Ammonia beccarii were among the top 15 meiofauna 

TABLE 22 . Average macroinfauna:meiofauna ratio by site and cruise . 

Macroinfauna:Meiofauna Ratio 
Site Cruise I Cruise II Cruise III Average 
PO1 1 :77 .48 1 :109 .31 1 :116.53 1 :101 .11 
P02 1 :21 .89 1 :35 .27 1 :28 .55 1 :28 .57 
P03 1 :55 .44 1 :97 .42 1 :101 .05 1 :84 .30 
P04 1 :160.79 1 :442 .50 1 :108.81 1 :237 .37 
SOS 1 :19 .85 
S06 1 :37 .95 
S07 1 :220 .60 
SOS 1 :446.54 
S09 1 :165 .95 
S10 1 :236.84 
S11 1 :164.01 
S12 1 :185 .99 
S13 1 :88.85 
S14 1 :31 .92 
S15 1 :32 .71 
S16 1 :71 .73 
S17 1 :9.27 
S18 1 :18.96 
S19 1 :50.07 
S20 1 :169.05 
C21 1 :53 .61 1 :1,793 .08 1 :10 .75 1 :619.15 
C22 1 :115 .17 1 :83 .97 1 :114 .63 1 :104.59 
C23 1 :58.77 1 :294 .82 1 :25 .78 1 :126.46 
C24 1 :24.47 1 :294 .85 1 :61 .39 1 :126.90 
Ratio based upon numbers per meterz . 
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TABLE 23 . Average macroinfauna:meiofauna ratio by 
depth zonadon and cruise . 

Macroinfauna :Meiofauna Ratio 
Cruise I Cruise II Cruise III Average 

30 to 90 1 :98.33 1 :158.79 1 :78 .55 1 :109.56 
> 91 I - I 1 :32 .71 I - 1 :32.71 

Depth zone <30 m included sites P1, P2, SS, S8 . 510, Sl l, 512, 514, 518, S19, S20, C21, C22, and C24. 

Depth zone 30 to 90 m included sites P3, P4, S6, 57, S9, S13, 516, S I7, and C23 . 

Depth zone >91 m included only site S IS. 

TABLE 24 . Frequency of observation, abundance, and rank for the meiofauna 
Foraminifera by cruise . 

Cruise I Cruise II Cruise III Total 
Taxa Obs' Ind2 Rk3 Obs Ind Rk Obs Ind Rk Obs Ind Rt 

Lagenammina comprima 23 601 34 47 923 13 24 1608 21 94 3134 19 
Lagenammina diflugitormis 11 1SS 70 10 91 63 7 64 66 28 310 64 
Reophax scottii 22 1142 36 19 927 47 13 34 46 54 2123 41 
Haplophragmoides 1 4 1% 1 4 241 
Ammoscalaria pseudospiralis 17 320 49 11 44 62 7 44 68 35 408 53 
Tutularia tonics 7 43 97 7 43~ 132 
Textularia tarlandi 13 97 65 S 21 94 2 4 111 20 122 84 
Tutularia mayori 1 8 183 11 54 61 4 28 77 16 90 94 
Bigenerina irregularis S 24 117 12 111 37 11 78 S 1 28 213 67 
Siphotextularia aflinis 1 10 182 3 14 110 4 24 136 
Eggerdla 6radyi 21 319 38 29 340 32 7 31 70 S7 690 40 
Miliolacea 24 498 32 16 136 S1 S 42 74 43 676 49 
Quinqueloculina compta 10 115 77 10 70 67 2 8 103 22 193 80 
Quinqueloculina polygons 2 23 132 2 25 189 
Quinqueloculina vulgaris 9 328 80 1 2 179 10 330 119 
Quinqueloculina poeyana 1 11 181 1 11 230 
Quinque/oculina sa6ulosa 1 2 230 1 4 125 2 6 206 
Pyrgo carinata 4 20 124 2 9 132 6 29 142 
Pyrgo oblongs 3 23 133 3 23 173 
Lenticulina peregrine S 43 115 I 4 150 6 49 137 
Marginulina obese 1 3 229 1 2 180 2 S 217 
Frondicularia compress 6 28 111 2 138 121 1 4 126 9 190 114 
Lagenastriata 2 1S 128 1 4 127 3 19 175 
Lagena spicata 2 14 1SS 2 14 191 
Buliminellaelegantissima 13 440 58 23 316 38 13 114 43 33 880 43 
Buliminella morgani 35 30021 9 61 43937 4 34 3305 6 130 77283 7 
Bolivina lowmani 35 5331 11 63 3870 3 36 2186 1 130 13607 2 
Bolivina striatula 19 336 44 27 328 34 12 108 47 38 972 37 
Bolivina spinets 1 2 146 1 2 291 
Brizalina fragilis 1 7 192 1 2 181 2 9 198 
Bulimina marginata 20 S27 41 25 177 40 13 97 44 38 801 39 
Bulimina degans S 59 113 2 12 101 71 131 
Uvigerina parvula 3 19 138 6 24 87 9 43 126 
Uvigerina beliula 9 141 83 11 84 59 7 40 69 27 263 70 
Trifarina bells 3 12 142 7 34 80 11 76 52 21 122 82 
Cancrissagra 6 44 106 13 96 36 9 86 57 28 226 66 
Rosalina bertheloti 1 2 231 1 2 292 
Epistomindla 1 2 147 1 2 293 
Discorbissquamata 4 23 122 6 33 83 2 13 100 12 69 109 
Eponida entillarum 3 20 135 9 53 72 13 118 37 27 191 72 
Cibicida concentricus 16 747 S 1 38 1334 22 27 1709 14 81 3790 26 
Ci6icides deprimus 4 98 119 6 S9 82 1 8 122 11 163 114 
Ammonia 6eccarii 36 4448 6 S1 2113 12 27 1814 13 114 8375 12 
Elphidium guntcri 16 202 SS 9 40 73 12 30 S0 37 272 32 
Fursenkoina compress 3 20 136 3 ZO 174 
Fursenkoina complanata 29 7009 23 41 11254 16 14 272 40 84 18535 14 
Fursenkoina pontoni 19 252 43 16 303 S0 13 157 36 S0 912 43 
Cassidulina 1 2 232 1 2 294 
Florilus atlanticus 14 376 61 18 632 48 13 126 42 43 1134 48 
Fiorilusgrateloupi 6 44 107 1 8 145 1 4 128 8 36 128 
Noniondla basiloba 36 69656 1 38 47244 9 31 7855 10 125 124753 9 
Hanzawais strattoni 9 483 79 9 483 122 
Melonis 2 21 153 3 20 106 S 41 143 
QOM - denotes number of observations. 
=led - denotes number of individuals. 
~Rt - denotes rant . 
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taxa common to each cruise . Of the taxa selected for 
cluster analysis, i .e ., those taxa which occurred fre-
quently enough and were abundant enough to comprise 
98% of the total, 27 .5% of Cruise I, 35 .3% of Cruise II, 
and 30.1 % of Cruise III were Foraminifera . 

Bo/ivina lowmani was found at all sites ex-
cept one during Cruise I ; during Cruise II at all stations 
except five ; and at all stations during Cruise III (Table 
25) . For stations at Sites P1, P2, P3, and C22, average 
numbers of individuals per core were generally higher 
during Cruise I than during Cruises II or III . At P4, 
C21, C23 and C24, average numbers of individuals per 
core were higher during Cruise II than during Cruises I 
and III . At the Secondary Sites, S1 I 52000 had the high-
est average number of individuals, while values at the 
other Secondary Stations were comparable to Cruise II 
values at P1, P2, and P3 . The highest average number 
of individuals per core of B. lowmani occurred at C21, 
Cruise II, while the overall average was also the highest 
at C21 . Total average number of individuals per core 
per cruise indicated a decrease from Cruise I to Cruise 
III . 

During Cruise I, Buliminella morgani was 
found at all stations except one ; during Cruise II at all 
stations except seven ; and during Cruise III at all sta-
tions except two (Table 26) . Values at P1 and C21 were 
generally higher during Cruise I than during the other 
cruises ; values at P3, P4, C21, C23, and C24 were 
higher during Cruise II . Note that at P2 average number 
of individuals was very low during all three cruises . The 
highest average number of individuals occurred during 
Cruise II at P4 52000, which also had the highest overall 
average . Most of the values for the Secondary Sites were 
comparable to values at the Primary Sites, Cruise I . Av-
erage number of individuals per core per cruise of B. 
morgani decreased markedly from Cruise I to Cruise 
III . 

Nonionella basiloba occurred at each station 
during Cruise I ; during Cruise II, at all stations except 
eight ; and during Cruise III at all stations except four 
(Table 27) . Generally the values at P1, P2, P3, C21, and 
C22 were higher during Cruise I than during the other 
cruises . At P4, C23, and C24, the values were higher 
during Cruise II . Values at P3 were high over all three 
cruises with an overall trend toward decreasing from 
Cruises I to III . Values were markedly low at P1 Cruise 
I ; P2, Cruises II and III ; and C21, C22, C23, and C24, 
Cruise III . Note that at P2 N. basiloba was not collected 
at any 2000-m station during Cruise III . Most Second-
ary Site values were comparable to P3 values during 
Cruise III . The overall average number of individuals 
per core per cruise declined markedly from Cruise I to 
III . 

Ammonia beccarii was present at all stations 
during Cruise I ; during Cruise II, at all except 16 sta-
tions ; and during Cruise III, at all except eight platform 
stations and C23 (Table 28) . Average numbers of indi-
viduals per core at P1, P2, P3, P4, and C22 were gener-
ally higher during the other cruises . However, at P1, P2, 
and C22, Cruise III values were higher than Cruise II 
values and were comparable to Cruise I values . There 
was a marked reduction in values at P1, P2, and C22 
during Cruise II, and at P3 and P4 during Cruises II and 
III . Secondary Site values were comparable to Cruise III 
values at the Primary Sites . The overall 

averages per cruise decreased after Cruise I and essenti-
ally leveled off during Cruises II and III . 

Foraminifera comprised 59.1 % of the total 
number of individuals during Cruise I, 68.7% in Cruise 
II, and 38.1 % in Cruise III with an overall average of 
55 .3% (see Table 10) . Table 29 presents the percentage 
of the total number of individuals by site per cruise for 
the Foraminifera . The average for all three cruises is 
plotted in Fig. 7 . A higher percentage of Foraminifera 
occurred at the Control Sites than at the Primary Sites . 
Primary Site P2 had the lowest percentage of Foramini-
fera of any Primary or Control Site . At the Secondary 
Sites, Foraminifera comprised more than 75% of the 
total number of individuals at Sites S7, S8, S9, 512, and 
C23 and less than 25% at Sites S5, S17, and S19 . 

Table ?0 indicates that the percentage of 
total number of meiofauna composed of Foraminifera 
tended to increase in the depth zone 30 to 90 m and then 
declined to a percentage slightly lower than that calcu-
lated for the depth zone <30 m. Percentages for Cruises 
I and II were similar, but there was a decline during 
Cruise III . 

During Cruise I, a low of 28,589 individuals 
per mz was found at P2 W500 and W2000 and a high of 
3,093,827 individuals per mz at C22 . During Cruise II, a 
low of 1,243 individuals per mz was collected at S13 
N500 and S15 NSO(1, and a high of 3,721,542 individuals 
per mz at P4 52000 . For Cruise III, a low of 9,944 indi-
viduals per mz was collected at P2 E500 and a high of 
886,259 individuals per m2 at P3 E2000. 

Average diversity and evenness values for 
meiofauna Foraminifera taxa at the Primary and Con-
trol Sites were generally higher during Cruise III than 
during Cruises I or II (Table 31) . Two exceptions were 
P2 and C24. Changes in diversity appeared to be pri-
marily a result of changes in evenness . But changes in 
numbers of species did seem to affect diversity at P2, 
P3, S5, S6, S13, 514, 518, and C23 . 

(2) Live : Total Ratios-The residue from the 
uncounted portion of the core from the third grab (Core 
3.13) at the N500 .stations and each Control Site was 
dried and the first 300 forams were picked for identifi-
cation and live:dead ratios except for S13 where Core 
2.C was picked . In general, the taxa found live in the 
live:dead samples were the same taxa that occurred in 
large numbers in the regular samples, i .e ., Nonionella 
basiloba, Buliminella morgani, Bolivina lowmani, and 
Ammonia beccarii. These resultant live dead ratios are 
presented in Table 32 . Both the highest and lowest ratios 
occurred at the Secondary Sites . Site S10 had a ratio of 
0.390, while S7, 51 .3, 514, S15, 517, and S20 had ratios 
of 0.0 (all Foraminifera dead) . The ratio of 0.390 rep-
resented a total of 128 live Foraminifera . One-fourth al-
iquot of the regular sorted sample from the same core at 
S10 contained only 117 live Foraminifera . 

b . Nematoda 

(1) Population Trends- A total of 71 differ-
ent taxa of Nematoda were identified in the meiofauna -
58 during Cruise I, 62 in Cruise II, and 46 in Cruise III 
(see Table 8) . Table : 33 presents the frequency of obser-
vation, abundance :, and rank for the meiofauna 
Nematoda collected in this project. Sabatieria, Dorylai-
mopsis, Cyatholaimidae, Theristus, Linhomoeidae, 
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TABLE 25 . Average number of individuals of Bolivina lowmani (Foraminifera) by station and cruise. 
Avera e Number of Individuals/Core 

Station Cruise I Cruise II Cruise III Average 
31PE0500 13 .0 1 .0 7 .5 7 .8 
31PE2000 32.0 4.0 25.0 203 
71 PNOS00 65 .0 .3 9 .0 24.8 
)1 PN2000 89.5 1 .3 34.0 41.6 
MPS0500 2.0 .5 20 .5 7 .7 
)IPS2000 13.0 .5 5 .0 6 .2 
31PW0500 36.8 1 .5 20.5 19 .6 
31PW2000 15.8 1 .5 12 .3 9 .9 
32PE0500 74.5 1 .5 3 .0 26.3 
D2PE2000 34.0 30.5 11 .0 25 .2 
D2PN0500 9.5 2 .0 13 .0 8.2 
D2PN2000 51 .8 1 .0 5 .0 19.3 
D2PS0500 75.5 36.5 37.3 
D2PS2000 40.5 8 .8 13 .0 20.8 
D2PW0500 1 .5 1 .0 1 .5 1 .3 
D2PW2000 4.0 23 .5 9 .2 
03PE0500 323 24.0 15 .0 23.8 
D3PE2000 7.5 1 .5 34.0 143 
03PN0500 14.0 12.0 6 .5 10 .7 
03PN2000 5.5 13 .8 2 .5 7 .3 
03PS0500 16.0 5.0 3 .5 8 .2 
03PS2000 1.0 2 .5 4 .0 2 .5 
03PW0500 26.8 46 .8 23.0 32.2 
03P W 2000 9.0 74.8 97.0 60.3 
04PE0500 150 .5 61 .8 8 .5 73.6 
04PE2000 19.0 24.8 4 .0 15 .9 
04PN0500 22.0 523 50.0 14.4 
04PN2000 453 50.8 12 .0 36.0 
04PS0500 11 .0 88.0 1 .0 33 .3 
04PS2000 22.5 85 .5 5 .5 37 .8 
04PW0500 223 63 .0 3 .5 29.6 
04PW2000 483 21 .0 .5 23 .3 
OSSNO500 1 .0 
OSSN2000 3 .0 
06SN0500 3.0 
06SN2000 11 .5 
07SN0500 2.0 
07SN2000 1 .5 
08SN0500 15 .5 
08SN2000 26.0 
09SN0500 5.0 
09SN2000 1 .0 
l OSN0500 16.0 
l OSN2000 62.5 
11 SN0500 10.0 
11 SN2000 172 .8 
12SN0500 28.5 
12SN2000 18 .0 
13SN0500 .5 
13SN2000 1 .0 
14SN0500 .5 
14SN2000 1 .0 
15SN0500 
15SN2000 1 .0 
16SN0500 7 .5 
16SN2000 3 .5 
17SN0500 
17SN2000 
i 8SN0500 1 .5 
18SN2000 3 .5 
19SN0500 2.0 
19SN2000 
20SN0500 15.5 
20SN2000 4.5 
21C 260.0 302.0 23.0 193.0 
22C 1063 5.0 6 .5 393 
23C 5.5 45.8 .5 17 .3 
24C 7.0 9.0 5 .5 7 .2 
Average 38.6 21 .6 ~ 15 .2 
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TABLE 26. Average number of individuals of Bulimineila morgani (Foraminifera) by station and cruise . 
Average Number o f Individuals,iCore 

Station Cruise I Cruise II Cruise III Avera e 
O1PE0500 231 .3 134.0 20 .5 128 .6 
OIPE2000 165.5 245 .5 14 .5 141 .8 
Ol PNO500 129.5 75 .3 6 .0 70.3 
Ol PN2000 246.3 38.8 21 .5 102 .2 
O1 PSOS00 154.0 7 .5 19 .0 60.2 
O1PS2000 246.5 99.0 10 .5 118 .7 
O1 PWO500 359.5 72.8 14 .5 148 .9 
OIPW2000 544.5 121 .5 18 .0 228.0 
02PE0500 4.0 2 .5 2.2 
02PE2000 16 .0 18 .0 4 .5 12 .8 
02PN0500 3.5 1 .0 1 .5 
02PN2000 6.5 2 .5 .5 3 .2 
02PS0500 13 .0 .5 2 .5 53 
02PS2000 19 .0 11 .8 9 .5 13 .4 
02P WO500 1 .5 3 .5 .5 1 .8 
02P W 2000 1 .0 .5 .5 
03PE0500 249.3 260.0 17 .0 175 .4 
03 PE2000 98.0 103.0 71 .8 90.9 
03PN0500 140 .8 161 .3 27 .0 109 .7 
03PN2000 7.5 143.0 4 .0 51 .5 
03PS0500 193 .8 36.0 27.0 85 .6 
03PS2000 351 .8 240.0 132.0 241 .3 
03PW0500 133.0 223.8 60.0 138 .9 
03PW2000 155 .3 236.5 23 .0 138 .3 
04PE0500 468.0 526.8 8 .5 334.4 
04PE2000 436.3 253.3 46 .5 245 .4 
04PN0500 280.0 406.8 71 .0 252.6 
04PN2000 295.8 384.0 67.0 248.9 
04PS0500 465.8 544.5 12 .0 340.8 
04PS2000 439.5 920.3 10 .0 456.6 
04PW0500 448.8 596.3 37.0 360.7 
04PW2000 409.8 350 .5 28.5 262.9 
OSSNO500 
OSSN2000 .5 
OSSN2000 4.0 
06SN0500 8 .0 
06SN2000 11 .0 
07SN0500 210.3 
07SN2000 635 .5 
08SN0500 645 .5 
08SN2000 319.0 
09SN0500 27.5 
l OSN0500 33.0 
l OSN2000 126.0 
11 SNO500 5.5 
11 SN2000 112 .3 
12SN0500 141 .0 
12SN2000 80.0 
13SN0500 
13SN2000 14.0 
14SN0500 
14SN2000 105 .5 
15SN0500 
15SN2000 35.0 
16SN0500 127 .3 
16SN2000 150 .5 
17SN0500 1 .0 
17SN2000 
18SN0500 2.5 
18SN2000 81 .0 
19SN0500 
19SN2000 
20SN0500 205 .5 
20SN2000 68.0 
21C 186.8 216.0 14 .5 139 .1 
22C 274 .3 53 .0 19 .5 115.6 
23C 187.8 775 .3 6 .0 323.0 
24C 143.0 575 .0 1 .5 239.8 
Average 208.5- ~ 161 .6 ~ 23 .0 
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TABLE 27 . Average number of individuals of Nonionella 6asiloba (Foraminifera) by station and cruise . 

Average Number of Individuals/Core 
Station Cruise I Cruise II Cruise III Average 

I1 PE0500 488.3 25 .5 171 .3 
)1 PE2000 257.5 42.0 8 .5 102.7 
)1 PNO500 269.5 1 .0 .5 90 .3 
)1 PN2000 424.8 10 .8 2 .5 146 .0 
)1 PSO500 50.5 5 .0 4.5 20.0 
)1PS2000 567.0 39.0 5.5 203 .8 
)1 P WO500 1444.8 4.0 3.0 483 .9 
)1 PW2000 1762.8 92.0 25.5 626.8 
)2PE0500 14 .5 .5 1 .5 5 .5 
)2PE2000 178 .0 12.5 63.5 
)2PN0500 12.5 1 .0 1 .0 4 .8 
)2PN2000 74.3 24.8 
)2PS0500 129.5 1 .5 2 .5 44 .5 
32PS2000 336.0 21 .0 119.0 
32P WO500 15.0 .5 1 .0 5 .5 
D2PW2000 18.0 6.0 
D3PE0500 343.5 660.0 160.0 387.8 
D3PE2000 343.3 177 .3 471 .8 330.8 
D3PN0500 656.0 304.0 94.0 351 .3 
D3PN2000 67 .0 563 .0 21.5 217.2 
03PS0500 508.8 68.0 86.5 221 .1 
D3PS2000 862.5 303.0 222.0 462.5 
03PW0500 774.0 459.8 337.0 523.6 
03PW2000 1051 .0 600.8 258.0 636.6 
04PE0500 663.0 760.0 1 .5 474.8 
04PE2000 422.0 394.8 44 .5 287.1 
04PN0500 374.5 931 .8 64.5 456.9 
04PN2000 542.0 801 .8 27.5 457.1 
04PS0500 238.5 696.8 16 .0 317.1 
04PS2000 493.8 1149.0 7.0 549.9 
04PW0500 295.0 582.5 53.0 310.2 
04PW2000 398.8 365.0 10 .0 257 .9 
OSSNO500 1.0 
OSSN2000 
06SN0500 4.0 
06SN2000 6.0 
07SN0500 8.5 
07SN2000 114.8 
O8SNO500 368 .3 
08SN2000 348.5 
09SN0500 63.0 
09SN2000 5.0 
l OSN0500 53.5 
l OSN2000 206.5 
11 SNO500 9.0 
11 SN2000 456.8 
12SN0500 341 .5 
12SN2000 154 .5 
13SN0500 
13SN2000 5.0 
14SN0500 2.0 
14SN2000 18 .5 
15SN0500 
15SN2000 17 .5 
16SN0500 117.8 
16SN2000 72.5 
17SN0500 1 .0 
17SN2000 
18SN0500 
18SN2000 4.5 
19SN0500 
19SN2000 
20SN0500 331 .5 
20SN2000 197.0 
21C 1207.5 117 .5 13.5 446.2 
22C 1948.8 132 .0 9.5 696.8 
23C 170 .5 402.8 2.0 191 .8 
24C 11 .U 14.0 8 .0 11 .0 
Average 483.7 ~ 186.0 ~ 54.6 
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TABLE 28. Average number of individuals of Ammonia 6eccarii (Foraminifera) by station and cruise . 
Average Number of Individuals/Core 

Station Cruise I Cruise II Cruise III Avera e 
01 PE0500 9.8 6 .3 3 .5 6 .5 
O1 PE2000 11 .5 4 .5 12.5 9 .5 
O 1 PNO500 9.0 6 .0 8 .5 7 .8 
O1 PN2000 12.8 2 .0 15 .0 9 .9 
O1 PSO500 9.3 1 .5 10.0 6 .9 
O1 PS2000 4.5 1 .0 2 .0 2 .5 
O 1 P WO500 10.8 .5 10!0 7 .1 
O1 P W 2000 27.3 2 .5 15 .0 14.9 
02PE0500 36.5 8.0 3 .13 15 .8 
02PE2000 36.0 7 .5 75 .8 39.8 
02PN0500 8 .0 2 .0 9 .5 6 .5 
02PN2000 165 .8 11 .5 26.5 67.9 
02PS0500 65 .3 5 .0 58.0 42.8 
02PS2000 57.0 4 .0 62.0 41 .0 
02PW0500 2.5 7 .0 7 . .5 5 .7 
02P W 2000 2 .5 16.5 25 .0 14.7 
03PE0500 20 .5 3 .0 7 .8 
03PE2000 4.3 2 .5 13 2.7 
03PN0500 15 .0 .5 1 .0 5 .5 
03PN2000 3 .3 1 .5 1 .6 
03PS0500 15 .8 3 .0 1 .0 6.6 
03PS2000 8 .5 .5 3.0 
03 P WO500 20 .3 3 .3 7.9 
03P W 2000 4 .5 6 .0 1 .0 3.8 
04PE0500 254 .5 8 .3 87.6 
04PE2000 14.0 2.0 .5 5.5 
04PN0500 .5 3 .0 1 .2 
04PN2000 72 .3 7 .5 1 .5 27 .1 
04PS0500 1 .3 8 .5 3 .3 
04PS2000 52.3 6 .5 19 .6 
04PW0500 19.5 113 10 .3 
04P W 2000 25 .3 1 .3 8 .9 
OSSNO500 2.5 
OSSN2000 7 .5 
06SN0500 
06SN2000 2.5 
07SN0500 .5 
07SN2000 
08SN0500 4.0 
08SN2000 18 .3 
09SN0500 2 .0 
09SN2000 
l OSN0500 6.5 
l OSN2000 12.5 
11 SNO500 5.5 
11 SN2000 21 .5 
12SN0500 35.0 
12SN2000 21 .0 
13SN0500 
13SN2000 
14SN0500 
14SN2000 .5 
I SSNO500 
15SN2000 
16SN0500 2.5 
16SN2000 3.5 
17SN0500 
17SN2000 
18SN0500 
18SN2000 
19SN0500 
19SN2000 
20SN0500 5.5 
20SN2000 18 .5 
21C 21 .5 66.5 14.0 34.0 
22C 56.0 4 .0 51 .5 37.2 
23C 2.0 9 .3 3 .8 
24C 32.8 136.0 33 .5 67.4 
Average ~ 30 .9 7 .9 12.6 - 
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TABLE 29. Percent total number of individuals per cruise 
for meiofauna Foraminifera . 

Percent Total Number of Individuals/Cruise 
Site Cruise I Cruise II Cruise III Average 
POI 61 .3 41 .5 18 .0 40.3 
P02 19.9 10 .6 13 .1 16 .2 
P03 67.6 78.7 56.5 67.6 
P04 70.6 82.3 61.0 71 .3 
SOS 2.1 2.1 
S06 71 .0 71 .0 
S07 89.4 89.4 
SO8 93.9 93.9 
S09 84.0 84.0 
S10 46.7 46.7 
S11 . 51 .9 51 .9 
S12 87 .3 87 .3 
S13 27.8 27.8 
S14 68.9 68.9 
S15 43.5 43.5 
S16 64.9 64.9 
S17 12.7 12.7 
S18 44.2 44.2 
S19 0.2 0.2 
S20 57.9 57.9 
C21 72.5 63.2 49.7 61 .8 
C22 76.0 93.2 42.2 70.5 
C23 86.2 88.4 51 .4 75.3 
C24 57.9 82.5 31 .5 57 .3 

TABLE 30 . Distribution by depth zonation and cruise of Foraminifera 
as percent of total number of meiofauna. 

Percent Total Number of Individuals/Cruise 
Depth Zone (m ) l Cruise I Cruise II Cruise III Average 

<30 57.5 53 .2 30.9 47.2 
30 to 90 74'8 I 

66.6 I 56.3 I 65.9 
>91 -- 43 .5 43.5 

'Depth zone <30 m included sites P1, P2, S5, S8, 510, 511, S12, S14, S18, 519, 520, C21, 
C22, and C24 . 
Depth zone 30 to 90 m included sites P3, P4, S6, S7, S9, S13, 516, 517, and C23. 
Depth zone >91 m included only site 515 . 
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TABLE 31 . Average diversity and evenness values of the meiofauna Foraminifera 
taxa by site and cruise . 

Evenness 
Diversity Pielou Hei 

Site Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III 
P01 0.99 0.87 1 .43 0.421 0.457 0.743 0.184 0.259 0.542 
P02 1 .59 1 .36 1 .05 0.615 0.743 0.625 0.332 0.555 0.438 
P03 1 .08 1 .11 1 .55 0.370 0.416 0.554 0.117 0.154 0.248 
P04 1 .51 1 .42 1 .64 0.549 0.513 0.667 0.244 0.210 0.413 

S05 1 .06 0.855 0.767 
S06 1 .48 0.807 0.643 
S07 1 .27 0.558 0.303 
S08 0.93 0.397 0.164 
S09 0.86 0.447 0.234 
S10 1.55 0.608 0.318 
S11 1 .62 0.665 0.405 
S12 1 .30 0.498 0.213 
S13 0.38 0.340 0.277 
S14 0.65 0.525 0384 
S15 0.68 0.272 0.130 
S16 1 .30 0.509 0.226 
S17 0.50 0.453 0.426 
S18 1 .04 0.662 0.526 
S19 --1 --1 --' 
S20 1 .13 0.416 0.154 
C21 0.97 1 .37 2.07 0.377 0.552 0.786 0.136 0.267 0.535 
C22 0.88 1 .20 1 .56 0.303 0.456 0.710 0.082 0.179 0.470 
C23 1 .40 1 .29 1 .54 0.495 0.465 0.739 0.192 0.176 0.521 
C24 1 .64 0.89 1 .62 0.623 0.302 0.651 0.321 0.080 0.368 

I Insufficient numbers of individuals per taxa to calculate diversity or evenness . 

TABLE 32. Live:dead ratios of Foraminifera by site and cruise . 

Live:Dead Ratio 
Site Cruise I Cruise II Cruise III Average 

POI 0.070 0.004 0.003 0.026 
P02 0.144 0.167 0.000 0.104 
P03 0.270 0.082 0.034 0.129 
P04 0.275 0.196 0.078 0.183 
SOS 0.032 
S06 0.006 
S07 0.000 
S08 0.285 
S09 0.017 
S10 0.390 
SI1 0.067 
S12 0.211 
S131 0.000 
S14 0.000 
S15 0.000 
S16 0.103 
S17 0.000 
S18 0.000 
S19 --Z 
S20 0.000 
C21 0.330 -- 0.067 
C22 0.190 -- 0.054 
C23 0.080 0.101 0.008 
C24 0.208 0.203 0.024 
Core 2.C was used for live :dead counts; core 3.13 was used in all other cases. 
=No Foraminifera were found in subsample used for live :dead counts . 
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TABLE 33. Frequency of observation, abundance, and rank for the 
meiofauna Nematoda by cruise . 

Cruise I Cruise II Cruise III Total 
Taxa Obs' Indz RV Obs ind Rk Obs Ind Rk Obs Ind Rk 

Nematoda 34 1372 14 29 249 33 15 106 38 78 1727 27 
Chromadoria araeolaimida 1 4 152 1 4 252 
Campylaimus 10 97 78 11 41 63 4 17 82 25 145 73 
Tarvais 3 12 144 1 4 133 4 16 160 
Axonolaimidae 26 528 28 30 523 29 18 195 30 74 1248 28 
Axonolaimus 8 34 93 1 2 186 3 7 95 12 43 112 
Odontophora 3 14 140 6 31 86 3 48 90 12 93 108 
Parodontophora 31 1125 20 31 679 28 30 658 12 92 2462 20 
Leptolaimidae 15 11 59 10 71 66 3 10 94 28 292 65 
Leptolaimus 8 97 91 21 378 44 4 14 86 33 489 54 
Camacolaimidae 1 5 194 3 13 113 4 18 159 
Camacolaimus 3 14 141 14 53 55 8 39 65 25 106 75 
Tripyloididae 1 7 193 2 20 126 3 27 170 
Bathylaimus 1 2 187 1 2 300 
Linhomoeidae 35 1654 13 61 1824 6 34 3780 5 130 7238 8 
Eleutherolaimus 6 49 103 6 49 138 
Terschellingia 35 7635 10 52 3275 11 30 1600 11 117 12510 11 
Sphaerolaimidae 2 21 154 2 21 190 
Sphaerolaimus 30 535 22 41 304 17 27 217 16 98 1056 13 
Monhysteridae 16 269 54 25 201 39 13 % 43 54 566 42 
Monhystera 20 411 42 7 49 79 27 460 69 
Theristus 36 6870 5 60 4129 7 35 2765 4 131 13764 6 
Amphimonhystera 2 4 176 1 4 154 1 4 130 4 12 164 
Paramonhystera 20 697 40 4 19 101 24 716 6 
Rhynchonema 1 3 175 1 3 288 
Xyala 2 31 125 1 4 131 3 33 169 
Siphonolaimus 12 91 68 3 8 119 4 17 83 19 116 87 
Chromadoria desmodorida 1 3 176 l 3 289 
Microlaimidae 2 6 168 2 6 210 
Microlaimus 31 1847 19 38 1142 23 17 312 32 86 3301 23 
Desmodoridae 28 526 26 45 1034 14 24 292 22 97 1852 17 
Metachromadora 3 564 105 1 10 120 4 574 155 
Eubostrichus 23 629 33 40 666 19 25 380 20 88 1675 22 
Dasynemella 2 70 122 2 70 188 
Ceramonematidae 22 415 37 30 354 30 19 150 29 71 919 31 
Monoposthiidae 1 2 238 5 34 91 6 36 141 
Richrersia 10 154 75 10 120 64 8 263 62 28 337 62 
Comaomztidae 8 187 90 6 21 89 18 171 31 32 379 57 
Dotylaimopsis 36 2415 8 60 2161 8 36 1319 2 132 3895 4 
Sa6atieria 36 18543 2 64 13110 1 35 6487 3 135 38140 1 
Cervonema 13 249 62 8 66 75 8 63 63 29 382 61 
Metacomesoma 32 2731 17 39 2891 20 26 2420 17 97 8042 16 
Paracomesoma 29 669 25 22 301 43 14 195 41 65 1163 33 
Laimella 10 145 76 20 103 46 12 92 49 42 340 51 
Comesoma 2 13 129 1 2 l30 3 15 176 
Chromadoridae 36 2641 7 38 689 24 26 1853 18 100 5183 13 
Euchromadora 1 2 239 1 2 301 
Hypodontolaimus 8 372 89 7 57 78 15 429 96 
Cyatholaimidae 36 7503 4 61 4956 5 34 3107 7 131 13566 5 
Metacyatholaimus 3 26 132 3 26 171 
Ncoronchus 1 4 208 4 85 98 17 189 33 22 278 79 
Choniolaimidae 33 907 16 34 744 10 32 310 9 119 1961 10 
Pseudonchus 1 4 135 1 4 233 
Desmoscolecidae 1 2 240 1 2 302 
Desmoscolex 25 545 30 30 222 31 17 143 34 72 910 30 
Tricoma 30 1621 21 43 1871 15 26 488 19 99 3980 14 
Ironidae 16 357 52 6 34 84 11 70 54 33 461 55 
Anticomidae 2 14 156 2 14 192 
Anticoma 7 52 94 3 16 108 3 49 89 13 117 103 
Oxystominidae 11 96 71 8 29 77 19 125 86 
Halalaimus 34 811 15 36 316 25 27 349 15 97 1476 18 
Oxystomina 3 23 134 23 109 41 16 80 33 44 212 50 
Thalassolaimus 1 4 132 1 4 254 
Phanodermatidae 2 10 131 2 10 1% 
Enoplidae 6 56 102 4 42 99 4 17 84 14 115 103 
Chaetonema 1 3 177 1 3 290 
Oncholaimidae 29 1906 24 33 1362 26 21 221 26 83 3489 25 
Oncholaimus 3 633 104 3 633 168 
Viscosia 1 44 179 1 44 228 
Enchelidiidae 4 19 126 7 26 81 6 30 72 17 75 92 
Le tosomatidae nematoda 1 2 241 1 4 156 2 4 112 4 10 167 
vw-arnocea numoeror ooservauons. 
=Ind - denotes number of individuals. 
3Rt - denotes rink . 
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Choniolaimidae, Terschellingia, Chromadoridae, Tri-
coma, and Sphaerolaimus were among the top 15 meio-
fauna taxa common to each cruise . Of the taxa selected 
for cluster analysis, i .e ., those taxa which occurred fre-
quently enough and were abundant enough to comprise 
98% of the total, 41 .2% of Cruise I, 44.1 % of Cruise II, 
and 43.8% of Cruise III were Nematoda. 

Sabatieria was collected at all stations dur-
ing Cruise I, at all except four stations during Cruise II, 
and at all except one station during Cruise III (Table 
34) . Average numbers of individuals per core were gen-
erally higher during Cruise I than either Cruises II or 
III . Both Cruises II and III had comparable values in 
most cases . Secondary Site values were generally lower 
than values found at the Primary Sites, with S10 and 
S11 being noticeable exceptions . The overall average 
was very high during Cruise I but leveled off for Cruises 
II and III . 

Dorylaimopsis was collected at all stations 
during Cruises I and III and at all except eight stations 
in Cruise II (Table 35) . There was little pronounced 
change in average numbers of individuals per core from 
one cruise to the next . Primary Site P3 did tend to have 
larger values during Cruise I than during Cruises II or 
III . 

Cyatholaimidae was collected at all stations 
during Cruise I ; at all except seven stations during 
Cruise II, and at all except two stations during Cruise 
III (Table 36) . Average numbers of the individuals per 
core were higher during Cruise I at P1, P3, P4, C21, 
C22, and C24, while at P2 values were higher during 
Cruise III . Values at P4 were similar for both Cruises I 
and II . Values at the Secondary Sites were comparable 
to values at the Primary Sites during Cruise II . The 
overall average was the highest during Cruise I and 
markedly low and comparable during Cruises II and III . 

Theristus was collected at all stations dur-
ing Cruise I ; at all except seven stations and C22 during 
Cruise II ; and at all except one station in Cruise III 
(Table 37) . At PI, P2, C21, and C22, average numbers 
of individuals per core were generally higher during 
Cruise I than during Cruises II or III . Values at P3 and 
C24 were comparable for all three cruises; at P4 values 
for Cruises I and II were similar but for Cruise III va-
lues were low . Secondary Site values were generally low 
except for S10, S11, S19, and S20 which were compara-
ble to values at P2, Cruise I . The overall average was the 
highest during Cruise I and much lower but similar dur-
ing Cruises II and III . 

Linhomoeidae occurred at all stations dur-
ing Cruise I ; during Cruise II at all except seven sta-
tions ; and during Cruise III at all except two stations 
(Table 38) . Average numbers of individuals per core at 
P1, P2, and P3 were noticeably higher during Cruise III 
than during Cruises I or II . Values at P4 were compara-
ble for all three cruises . Secondary Site values were com-
parable to Primary Site values during Cruises I and II . 

Choniolaimidae was collected at all stations 
except three during Cruise I; at all except fourteen dur-
ing Cruise II ; and at all except four during Cruise III 
(Table 39). Average numbers of individuals per core per 
station were generally similar over all cruises except at 
P2 where values at some stations were higher during 
Cruise I than Cruises II or III . The overall average was 
very similar for all cruises. 

Terschellingia occurred at all stations dur-
ing Cruise I ; during Cruise II at all except 16 stations; 
and during Cruise III at all except six stations (Table 
40) . Average numbers of individuals at P1, P2, C21, 
C22, and C24 were generally higher during Cruise I than 
during Cruises II and III . Values at P3 and P4 were 
slightly higher during Cruise I but were comparable for 
all three cruises . For all three cruises, P3 and P4 values 
were much lower than those at P 1 and P2 . At the sec-
ondary sites values were generally low with only S20 
having values comparable to P1 or P2 during Cruises I 
or II . The overall average was the highest during Cruise 
I and then dropped off, and was the same for both 
Cruises II and III . 

Chromadoridae was collected at all stations 
during Cruise I ; at all except 30 stations during Cruise 
II ; and at all except 10 stations during Cruise III (Table 
41) . Average numbers of individuals per core at P1, P2, 
and P4 were generally higher during Cruise I than dur-
ing Cruises II or III . At P3, values were much higher 
during Cruise III than Cruises I or II . Values at the Pri-
mary Sites during Cruise II were all very low . Few oc-
currences were noted at the Secondary Sites and values 
were low . Overall averages were similar for Cruises I 
and III with the Cruise I value being slightly higher ; the 
Cruise II average was low . 

Tricoma was collected at all but six stations 
during Cruise I ; during Cruise II at all except 25 sta-
tions ; and during Cruise III at all except 10 stations 
(Table 42) . Few Tricoma were found at P1 during any 
of the cruises . Average numbers of individuals per core 
at P2 and P3 were generally higher during Cruise I than 
during Cruises II or III . At P4, values tended to be high 
during Cruise I, increased during Cruise II, and then de-
creased to very low values during Cruise III . All values 
at the Control Sites were low except at C22, which had 
the highest value of any of the Control Sites during all 
cruises . Secondary Site values tended to be low . In gen-
eral, all averages showed a marked decrease from Cruise 
I to Cruise III . 

Sphaerolaimus was collected at all but five 
stations during Cruise I ; at all except 27 stations during 
Cruise II ; and at all except nine stations during Cruise 
III (Table 43) . Average numbers of individuals per core 
per cruise did not appear to demonstrate any trend 
within a cruise or between cruises because values were 
very low in all cases . The overall averages did indicate a 
slightly higher value during Cruise I as compared to 
Cruises II and III . 

Nematoda comprised 32.0% of the total 
number of individuals during Cruise I, 26.2% in Cruise 
II, and 54.1% in Cruise III, with an overall average of 
37.4% (see Table 10) . Table 44 presents the percentage 
of the total number of individuals by site per cruise for 
the Nematoda. The averages for all three cruises are 
plotted in Fig . 8 . A higher percentage of Nematoda oc-
curred at the Primary Sites than at the Control Sites . 
The reverse occurred for the Foraminifera . Control 
Sites C22 and C23, during Cruise II, had the lowest per-
centage of Nematoda of any Primary or Control Site in 
any cruise . At the Secondary Sites, Nematoda com-
prised less than 15% of the total number of individuals 
at Sites S6, S7, SS, S9, 512, and 513 . The last five of the 
above six stations had dissolved oxygen (D.O.) values 
less than 5.0 ppm (see Table 142) . 
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TABLE 34 . Average number of individuals of Sabatieria (Nematoda) by station and cruise . 

Avera e Number of I ndividuals/Core 
Station Cruise I Cruise II Cruise III Avera e 

O 1 PE0500 105 . 8 100 .8 73 .5 93.4 
O 1 PE2000 93 .8 74 .5 47 .0 71 .8 
O1 PNO500 182.8 70.8 19 .5 91 .0 
Ol PN2000 160 .5 24 .3 64 .8 83 .2 
OIPSO500 45 .8 15 .5 31 .0 30.8 
O1PS2000 74.0 34.0 44 .0 50.7 
01 P WO500 129.0 47.3 76 .0 84 .1 
Ol P W 2000 80.8 22.0 66.0 56.3 
02PE0500 285 .3 78.8 47 .0 137 .0 
02PE2000 320.8 89 .5 100.0 170.1 
02PN0500 86.5 73.0 54 .5 71 .3 
02PN2000 424.8 86.0 115 .8 208 .9 
02PS0500 329.0 72.5 1213 174 .3 
02PS2000 333.0 145.5 59.0 179.2 
02P WO500 181 .8 63.0 51 .3 98 .7 
02PW2000 111 .5 83.5 67.0 87 .3 
03PE0500 122.0 47.0 65 .0 78 .0 
03 PE2000 63.3 28.5 72.0 54.6 
03PN0500 25.5 65.3 52.8 47.9 
03PN2000 35.0 13 .5 24.0 24.2 
03PS0500 129.0 16.0 48.3 
03 PS2000 43.0 6.3 34.0 27.8 
03PW0500 113.0 80.5 68.0 87.2 
03PW2000 167.3 45.0 53.0 88 .4 
04PE0500 134.5 71 .5 9.5 71 .8 
04PE2000 50.0 64.0 9.0 41 .0 
04PN0500 89.0 99.3 28.0 72 .1 
04PN2000 47.8 35 .0 32.0 38.3 
04PS0500 79.0 111 .0 13 .5 67.8 
04PS2000 108.0 11 .8 6.0 75.3 
04PW0500 73.3 77 .3 25 .5 58.7 
04P W 2000 89 .3 62.0 13 .5 54.9 
O5SNO500 106.8 
O5SN2000 246 .5 
06SN0500 1 .0 
06SN2000 
07SN0500 
07SN2000 2.0 
O8SN0500 4.5 
08SN2000 1 .0 
09SN0500 25 .0 
09SN2000 5 .5 
l OSN0500 83.5 
l OSN2000 90.3 
11 SNO500 73.0 
11 SN2000 176.0 
12SN0500 15 .5 
12SN2000 1 .5 
13SN0500 
13SN2000 1 .5 
14SN0500 2.5 
14SN2000 11 .0 
15SN0500 6.5 
15SN2000 10.0 
16SN0500 12.0 
16SN2000 35 .0 
17SN0500 6.0 
17SN2000 5 
18SN0500 7 .0 
18SN2000 35 .5 
19SN0500 5 
19SN2000 
20SN0500 55 .0 
20SN2000 71 .5 
21C 150.0 117 .5 26 .5 98 .0 
22C 119 .3 2 .5 30 .5 50.8 
23C 27 .0 36 .5 2 .5 22.0 
24C 26 .0 20.0 19.0 21 .7 
Average 128 .8 48 .2 ~ 45 .1 
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TABLE 33 . Average number of individuals of Doryiaimopsis (Nematoda) by station and cruise . 
Aver e Numbe r o f Individuals/Core 

Station Cruise I Cruise II Cruise III Average 
O1PE0500 16 .5 16.8 8.5 13 .9 
O1PE2000 15 .3 1S .S 26.3 19 .0 
Ol PNO500 9.0 3 .8 .S 4.4 
Ol PN2000 7.5 9.0 7.0 7 .8 
Ol PSO500 6.3 4 .5 4 .3 S .0 
O1PS2000 30.5 24.0 21 .5 25.3 
O1PW0500 1.5 5 .8 16 .3 7 .9 
O1PW2000 8.0 8.0 13 .3 9 .8 
02PE0500 6.0 2.0 .5 2 .8 
02PE2000 4.S 12.0 9.0 8 .5 
02PN0500 5.3 3 .0 4.3 4 .3 
02PN2000 15 .3 11 .0 8.3 11 .5 
02PS0500 7.0 5.0 5 .8 5 .9 
02PS2000 19.5 7.0 10.5 12 .3 
02PW0500 3.8 2 .5 4 .3 3 .5 
02PW2000 4.0 10.0 1 .0 S.0 
03PE0500 40.5 42.0 21 .0 34.5 
03PE2000 8.5 10 .0 24.0 14 .2 
03PN0500 43 23.8 10.5 12 .9 
03PN2000 12.5 2.0 6 .5 7 .0 
03PS0500 45.0 8.5 9 .0 20.8 
03PS2000 23.0 2.3 12.0 12 .4 
03PW0500 59.0 43.5 24.0 42.2 
03PW2000 603 24.0 8.0 30.8 
04PE0500 22.5 8 .0 7 .S 12 .7 
04PE2000 1 .0 3.0 1 .3 1 .8 
04PN0500 18 .3 S .0 3 .5 8 .9 
04PN2000 3.0 3.0 3 .0 3 .0 
04PS0500 6.5 12 .0 3 .0 7.2 
04PS2000 9.0 21 .3 2.S 10 .9 
04PW0500 13.0 S.0 2 .0 6.7 
04PW2000 2.0 8.0 2 .5 4 .2 
0SSNO500 13 .3 
0SSN2000 13 .8 
06SN0500 1 .5 
06SN2000 1 .0 
07SN0500 5 
07SN2000 5 
08SN0500 12 .0 
08SN2000 18 .0 
09SN0500 1 .0 
09SN2000 
l OSN0500 4.0 
l OSN2000 193 
11 SNO500 3.5 
11SN2000 15 .3 
12SN0500 3.0 
12SN2000 
13SN0500 
13SN2000 
14SN0500 1 .0 
14SN2000 8.5 
15SN0500 1 .0 
15SN2000 1 .5 
16SN0500 3.0 
16SN2000 1 .5 
17SN0500 
17SN2000 .5 
18SN0500 1 .5 
18SN2000 13.0 
19SN0500 
19SN2000 
20SN0500 18.5 
20SN2000 10.8 
21C 11 .3 2.5 11 .5 8 .5 
22C 76.3 15 .5 30.6 
23C 3 .0 2.0 3.5 2 .8 
24C 23 .0 7 .5 17 .5 16 .7 
Average I 16 .8 I - 8 .0 9.2 
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TABLE 36 . Average number of individuals of Cyatholaimidae (Nematoda) 
by station and cruise. 

Average Number of Individuals/Core 
Station Cruise I Cruise II Cruise III Average 

O1 PE0500 43.0 31 .0 10.5 28 .2 
O1 PE2000 8.5 38 .5 6 .5 17 .8 
O1 PNO500 63.8 7.3 2 .5 24.5 
O1 PN2000 128 .8 12 .8 9 .5 50.4 
O1PS0500 28 .0 11 .0 13 .5 17 .5 
O1PS2000 15 .0 25 .5 13 .0 17 .8 
OIPW0500 51 .8 20.0 8 .8 26 .9 
O1PW2000 27 .0 10.0 23 .8 20.3 
02PE0500 33 .0 9 .8 22 .5 21 .8 
02PE2000 66.8 6.0 90.0 54.3 
02PN0500 14.0 11 .0 64.5 29 .8 
02PN2000 121 .0 16.0 64.5 67.2 
02PS0500 65 .3 4.5 95.5 55.1 
02PS2000 40 .8 16 .0 63.5 40.1 
02PW0500 35.0 7 .0 23.5 21 .8 
02PW2000 11 .5 6.5 37.0 18.3 
03PE0500 24 .8 17 .0 20.0 20.6 
03PE2000 16.0 .5 17 .0 11 .2 
03PN0500 11 .8 10.5 6 .3 9 .5 
03PN2000 8.3 5 .5 4.5 6.1 
03PS0500 16.0 3 .0 7.0 8.7 
03 PS2000 14 .5 8 .0 30 .0 17 .5 
03PW0500 24.0 34.0 23.0 27.0 
03 P W 2000 54.5 4.0 11 .0 23.2 
04PE0500 190.0 35 .3 75.1 
04PE2000 33.0 23.0 3.0 19.7 
04PN0500 95.0 86.3 2.5 61 .3 
04PN2000 22.5 18 .0 41 .0 27.2 
04PS0500 114.3 66 .0 11 .5 63.9 
04PE2000 65.0 51 .5 2.0 39 .5 
04P W0500 62.3 40.5 22.0 41 .6 
04P W 2000 87.0 37.0 5.5 43.2 
05SNO500 17.8 
05SN2000 124.8 
06SN0500 
06SN2000 
07SN0500 1 .0 
07SN2000 1 .0 
O8SN0500 9.0 
O8SN2000 4.0 
09SN0500 4.0 
09SN2000 .5 
I OSNO500 14.0 
l OSN2000 33.3 
11 SN0500 23.0 
11 SN2000 42.8 
12SN0500 1 .0 
12SN2000 .5 
13SN0500 
13SN2000 .5 
14SN0500 .5 
14SN2000 2.0 
I SSNO500 
15SN2000 1 .5 
16SN0500 1 .0 
16SN2000 8.5 
17SN0500 
17SN2000 
18SN0500 4.5 
18SN2000 12.0 
19SN0500 29.3 
19SN2000 1 .8 
20SN0500 18.0 
20SN2000 69.3 
21C 174.5 105 .0 9.0 96.2 
22C 70.0 7 .0 25 .7 
23C 3 .0 5 .5 2 .8 
24C 36 .5 30.5 5 .5 24.2 
Average ~ 52 .1 18 .2 21 .6 
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TABLE 37 . Average number of individuals of Theristus (Nematode) by station and cruise . 
Avers e Number of Individuals/Core 

Station Cruise I Cruise II Cruise III Aver 
D 1 PE0500 45.8 66 .5 29.0 47 .1 
O1 PE2000 47.8 59.0 33.8 46.9 
O1 PNO500 116.3 15 .3 1 .5 44.4 
O1 PN2000 94.3 4 .0 28.8 42.4 
O1 PSOS00 23 .3 9 .0 28.5 20.3 
Ol PS7A00 38 .5 26 .5 26.5 30.5 
01 P WO500 97.0 14.0 42.8 51 .3 
O1PW2000 71 .3 10 .0 50.0 43.8 
02PE0500 77 .8 103 8 .5 32 .2 
02PE2000 97.3 14 .3 48.8 53 .5 
02PN0500 37.5 10.0 17.0 21 .5 
02PN2000 129.8 8 .0 50 .5 62.8 
02PS0500 97.3 5 .5 57 .5 53.4 
02PS2000 148.3 20.5 33 .0 67.3 
02P WO500 41 .0 6 .5 14.5 20.7 
02PW2000 41 .0 11 .5 15.0 22.5 
03PE0500 27.0 15 .0 16.0 19.3 
03PE2000 13 .5 5 .5 29.0 16.0 
03PN0500 11 .8 21 .0 10.3 14.4 
03PN2000 8.0 9.0 13.0 10.0 
03PS0500 17 .0 3.0 15.0 11 .7 
03 PS2000 8.0 3 .5 6 .0 5 .8 
03PW0500 27.0 16 .5 21 .0 21 .5 
03 P W 2000 48.0 13.0 21 .0 273 
04PE0500 33.0 10.0 14.3 
04PE2000 14.0 15.O 1 .5 10.2 
04PN0500 24.0 16.0 3.5 14.5 
04PN2000 11 .8 3 .0 8.0 7.6 
04PS0500 20.0 29.0 2.5 17.2 
04PS2000 39.0 21 .3 1 .5 20.6 
04P W0500 17.0 12 .3 2.0 10.4 
04P W 2000 47.3 4.0 2.0 17 . 8 
OSSNO500 2.0 
O5SN2000 19.0 
06SN0500 
06SN2000 
07SN0500 1 .0 
07SN2000 1 .0 
O8SN0500 2.0 
08SN2000 1 .0 
09SN0500 8.0 
09SN2000 1 .5 
I OSNO500 36.5 
l OSN2000 45.3 
11 SNO500 41 .0 
11SN2000 107.5 
12SN0500 2.5 
12SN2000 .S 
13SN0500 
13SN2000 2.5 
14SN0500 
14SN2000 3.5 
15SN0500 2.5 
15SN2000 2.5 
16SNOS00 6.0 
16SN2000 8.5 
17SN0500 
17SN2000 
18SN0500 .5 
18SN2000 3.5 
19SN0500 143 .8 
19SN2000 11 .0 
20SN0500 13 .5 
20SN2000 393 
21C 61 .3 23.8 11 .0 32.0 
22C 62.3 25.5 29.3 
23C 4.0 10.5 1 .5 5 .3 
24C 20.0 19 .5 15 .3 18.3 
Average 47.7 J 15 .4 ~ 19.2 
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TABLE 38 . Average number of individuals of Linhomoeidae (Nematoda) by station and cruise . 
Avera e Number of Individuals/Core 

Station Cruise I Cruise II Cruise III Average 
O1 PE0500 17 .0 8 .8 47.8 24 .5 
01 PE2000 16 .5 17 .5 44 .5 26 .2 
Ol PNO500 20.5 1 .5 17 .0 13 .0 
O1 PN2000 21 .8 3 .8 48.5 24.7 
O1PS0500 9.8 1 .5 66.0 25.8 
01 PS2000 19.0 9 .0 37.5 21 .8 
O1 PWO500 37 .3 6 .5 73.0 38.9 
O 1 P W 2000 26 .0 . 4 .5 99 .5 43.3 
02PE0500 5.5 4 .0 15 .5 8 .3 
02PE2000 27 .8 10 .5 85 .5 41 .3 
02PN0500 5.0 3 .5 12 .0 6.8 
02PN2000 17.0 1 .5 33 .3 17 .3 
02PS0500 4.0 3.0 693 25.4 
02PS2000 8.0 9 .3 64.5 27.3 
02P WO500 5.3 3 .0 34.5 14.3 
02P W 2000 5.0 3 .5 38.0 15.5 
03PE0500 4.0 7.0 15 .0 8 .7 
03PE2000 7.0 1 .0 17 .0 8 .3 
03PN0500 5.0 5 .5 10 .3 6 .9 
03PN2000 3.8 6.0 5 .5 5 .1 
03PS0500 8.0 1 .0 1 .0 33 
03PS2000 1 .5 2.0 14.0 5 .8 
03 P WO500 8.0 5 .5 17.0 10.2 
03 P W 2000 16.0 3.0 22.0 13 .7 
04PE0500 28.5 12 .0 13 .5 
04PE2000 4.0 4.0 .5 2.8 
04PN0500 5.0 14 .5 .5 6 .7 
04PN2000 2.5 2.0 9.5 4.7 
04PS0500 10 .3 7 .0 3 .5 6 .9 
04PS2000 17 .0 15 .0 2 .5 11 .5 
04P WO500 5 .0 8 .3 2 .0 5 .1 
04P W 2000 10 .0 2 .0 4 .5 5 .5 
OSSNO500 3.5 
05SN2000 31 .0 
06SN0500 
06SN2000 
07SN0500 .5 
07SN2000 1 .0 
08SN0500 8.0 
08SN2000 2.0 
09SN0500 1 .0 
09SN2000 
l OSN0500 9.0 
l OSN2000 23 .8 
11 SNO500 9.0 
11 SN2000 29.8 
12SN0500 29 .5 
12SN2000 3 .5 
13SN0500 
13SN2000 1 .0 
14SN0500 
14SN2000 1 .0 
15SN0500 5 
15SN2000 1 .0 
16SN0500 1 .0 
16SN2000 5.0 
17SN0500 5 
17SN2000 
18SN0500 1 .5 
18SN2000 2.5 
19SN0500 15 .5 
19SN2000 3.0 
20SN0500 19 .5 
20SN2000 15 .5 
21C 11 .0 40.0 6.0 19.0 
22C 9.3 12.5 7 .3 
23C 3.0 4 .0 2 .3 
24C 12 .5 6 .0 15 .5 11 .3 
Average 11 .6 6 .7 26 .3 
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TABLE 39 . Average number of individuals of Choaiolaimidae (Nematoda) by station and cruise. 
Avers e Number f Individuals/Core 

Station Cruise I Cruise II Cruise III Avers 
O1 PE0500 5 .0 1 .0 1 .5 2 .5 
0 1 PE2000 6.0 2 .8 2 .9 
O1 PNO500 3 .5 3 1 .3 
O1 PN2000 3 .3 1 .0 2 .5 23 
O1 PSO500 4.5 .5 1 .3 2.1 
Dl PS2000 1 .5 3.0 .5 1 .7 
Dl PWOS00 6.3 2.5 13 3.4 
D1 PW2000 10.5 1 .0 1 .3 4.3 
02PE0500 13.0 1 .0 1 .0 5 .0 
02PE2000 17 .8 7.0 8.3 
02PN0500 6.0 1 .5 .5 2.7 
02PN2000 42.0 3.0 123 19 .1 
02PS0500 27.8 2.5 6 .0 12 .1 
02PS2000 7.5 1 .5 3 .0 
02P WO500 5.0 .5 .5 2 .0 
02P W 2000 8 .5 2.0 4.0 4.8 
03PE0500 2.0 4.0 2.0 2.7 
03PE2000 1 .0 3.0 1 .3 
03PN0500 2.8 5 .0 2.5 3 .4 
03PN2000 4.5 6 .5 4.0 5.0 
03PS0500 4.0 2.0 2.0 
03PS2000 1 .0 3 .0 13 
03PW0500 2.0 2 .0 4.0 2 .7 
03PW2000 7.3 2 .0 1 .0 3 .4 
04PE0500 5 .8 3 .0 2 .9 
04PE2000 1 .0 1 .5 .8 
04PN0500 8.0 1 .0 3 .0 
04PN2000 1 .3 5 .0 .5 23 
04PS0500 1 .5 12.0 2.5 5 .3 
04PS2000 3.0 7.0 1 .0 3 .7 
04PW0500 10.0 6.0 5 .3 
04PW2000 1 .0 3.0 1 .0 1 .7 
OSSNO500 
OSSN2000 1.0 
06SN0500 
06SN2000 
07SN0500 .S 
07SN2000 .5 
08SN0500 1.0 
08SN2000 
09SN0500 
09SN2000 
l OSN0500 4.0 
l OSN2000 1 .5 
11 SNO500 5 
11 SN2000 7.8 
12SN0500 3.0 
12SN2000 
13SN0500 
13SN2000 .S 
14SN0500 
14SN2000 .5 
15SN0500 .5 
15SN2000 1 .0 
16SN0500 1 .5 
16SM2000 1 .5 
17SN0500 1.5 
17SN2000 
18SN0500 2.0 
18SN2000 2.0 
19SN0500 29.3 
19SN2000 9.5 
20SN0500 1.5 
20SN2000 15.8 
21C 3.5 3 .8 1 .5 2 .9 
22C 7.0 .5 3 .5 3 .7 
23C 3.5 2 .0 .3 2.0 
24C 1.5 2 .0 2 .0 1 .8 
Average 6.3 2 .7 2.2 
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TABLE 40 . Average number of individuals of Terschellingia (Nematode) by station and cruise . 
Avers e Number o f Individuals/Core 

Station Cruise I Cruise II Cruise III Avers 
O 1 PE0500 122.5 68.0 18 .3 69.6 
O1 PE2000 71 .0 36 .5 22 .0 43.2 
01 PNO500 191 .0 19.8 4 .0 71 .6 
01 PN2000 217 .3 15 .8 18 .5 83 .9 
Ol PSO500 48 .3 43.0 143 35.2 
Ol PS2000 67 .5 23.5 12 .0 343 
Ol P WO500 210 .3 343 20 .5 88.4 
Ol P W2000 81 .0 24.0 10 .3 38 .4 
02PE0500 64.5 46.8 4 . .5 38 .6 
02PE2000 97.0 89.0 68 . .3 84 .8 
02PN0500 20.5 23.5 7 . .5 17 .2 
02PN2000 138.0 15 .5 34 . .8 62.8 
02PS0500 55.8 43.0 43 . .3 47.4 
02PS2000 135.0 61 .8 24 . .5 73.8 
02PW0500 26.5 24.5 23 .5 24.8 
02PW2000 47.0 11 .0 25 . .0 27.7 
03 PE0500 12 .5 4.0 5 .5 
03PE2000 6.0 2 .0 2.0 33 
03PN0500 2.3 1 .0 3 .5 2 .3 
03PN2000 1 .5 ,5 
03PS0500 11 .0 2 .5 2.5 5 .3 
03PS2000 7.0 3 .0 3 .3 
03PW0500 9.0 5 .0 6.0 6.7 
03PW2000 32.8 4 .0 1 .0 12 .6 
04PE0500 6.8 5 .0 .5 4 .1 
04PE2000 3 .0 3 .0 2.0 
04PN0500 21 .5 4 .5 10.0 12 .0 
04PN2000 2.5 4.0 1 .0 2 .5 
04PS0500 13 .5 3 .0 1 .0 5 .8 
04PS2000 5.0 9.0 1 .0 5 .0 
04PW0500 9.0 13 .3 7,4 
04PW2000 4.0 5.0 3 .0 
OSSNO500 ,5 
OSSN2000 3.8 
06SN0500 ,5 
06SN2000 ,5 
07SN0500 ,5 
07SN2000 2.0 
08SN0500 6.0 
OSSN2000 1 .0 
09SN0500 
09SN2000 
l OSN0500 7.0 
l OSN2000 15 .8 
11 SNO500 4.0 
11 SN2000 30.8 
12SN0500 4.5 
12SN2000 ,5 
13SN0500 
13SN2000 
14SN0500 
14SN2000 ,5 
15SN0500 
15SN2000 
16SN0500 2.0 
16SN2000 4.0 
17SN0500 
17SN2000 
18SN0500 
18SN2000 3 .0 
19SN0500 
19SN2000 
20SN0500 23 .5 
20SN2000 48 .5 
21C 73.5 14.0 2 .5 30.0 22C 85.5 8.0 31 .2 
23C 2.0 
24C 12 .5 2 .0 6.0 6.8 
Average 53.2 12 .0 11 .1 
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TABLE 41 . Average number of individuals of C6romadoridae (Nemstoda) by station and cruise. 

Average Number In ivid /C r 
Station Cruise I Cruise II Cruise III Av ra e 

)1 PE0500 7.5 2 .5 3 .3 
)IPE2000 5.5 23 2.0 3 .3 
)1 PNO500 40.5 13 .5 
)1 PN2000 5.5 .3 1 .9 
)1 PSOS00 7.0 2.3 3 .1 
)1 PS2000 2.0 .5 1 .5 1 .3 
)1 P WOS00 3.8 2.0 1 .9 
)IPW2000 133 .5 .5 4 .8 
)2PE0500 33.3 1 .8 6.3 13 .9 
J2PE2000 44.5 .5 12.0 19.0 
J2PN0500 17 .8 1 .0 18.0 12 .3 
D2PN2000 130.3 2 .0 16.3 49.5 
D2PS0500 65 .5 1 .5 9.0 23.3 
D2PS2000 33 .5 .5 9 .0 14 .3 
D2PW0500 243 4.5 9.6 
D2P W 2000 18.0 .5 7 .0 8 .5 
D3PE0500 14.0 33.0 15 .7 
D3PE2000 13 .5 .5 50.0 21 .3 
D3PN0500 28.8 6.0 51 .8 28.9 
D3PN2000 8.0 4.5 26.5 13 .0 
D3PS0500 13.0 25.5 12.8 
D3PS2000 1 .0 4.0 1 .7 
03PW0500 12.0 4.5 58.0 24.8 
03P W 2000 15.0 112.0 42.3 
04PE0500 12.3 6.0 6 .1 
04PE2000 3.0 2.0 1 .7 
04PN0500 26.3 13.3 2.5 14 .0 
04PN2000 5 .0 3 .0 6 .5 4 .8 
04PS0500 3 .8 11 .0 4 .9 
04PS2000 5 .0 2 .0 23 
04PW0500 9.0 1 .0 1 .0 3 .7 
04PW2000 21 .8 2 .0 1 .0 83 
OSSNO500 
OSSN2000 1 .3 
06SN0500 
06SN2000 
07SN0500 
07SN2000 
O8SN0500 
08SN2000 
09SN0500 
09SN2000 
lOSN0500 18 .5 
lOSN2000 18.5 
11 SNO500 5 .0 
11 SN2000 15 .8 
12SN0500 
12SN2000 
13SN0500 
13SN2000 
14SN0500 
14SN2000 .S 
15SN0500 
I SSN2000 1 .0 
16SN0500 
17SN0500 1 .0 
17SN2000 
18SN0500 
18SN2000 1 .0 
19SN0500 17.3 
19SN2000 4.0 
20SN0500 1 .0 
20SN2000 3 .0 
21C 6.3 2 .1 
22C 7 .8 2.6 
23C 2.0 15 .5 5 .8 
24C 1 .0 .5 .5 
Average 18 .4 ~ 2 .5 I 12 .9 
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TAB LE 42 . Average number of individuals of Tricoma (Nematoda) by station and cruise. 
Avera e Number o f Individuals/Core 

Station Cruise I Cruise II Cruise III Avera e 
Ol PE0500 .0 
Ol PE2000 3.5 1 .2 
Ol PNO500 7.5 2 .5 
O1 PN2000 43 1 .4 
O 1 PSO500 .5 .2 
O1 PS2000 1 .0 1 .0 .7 
O 1 P WO500 .5 .2 
Ol P W2000 1 .5 .5 
02PE0500 6.8 2 .3 
02PE2000 16 .3 1 .3 4 .0 7 .2 
02PN0500 .5 .5 1 .0 .7 
02PN2000 22.0 8.0 10 .0 
02PS0500 9.0 2.0 3 .7 
02PS20500 16.0 2.0 .5 6 .2 
02PW0500 1 .3 2 .0 1 .1 
02PW2000 2.0 .5 .8 
03 PE0500 2.0 3.0 16 .0 7 .0 
03PE2000 6.5 1 .5 15 .0 7 .7 
03PN0500 .5 5 .5 11 .0 5 .7 
03PN2000 2.0 .5 1 .5 1 .3 
03PS0500 14.0 .5 7 .0 7 .2 
03 PS2000 3.0 1 .5 5 .0 3 .2 
03PW0500 4.0 2.0 10 .0 5 .3 
03PW2000 9.5 1 .0 6.0 5 .5 
04PE0500 69.8 35.0 1 .0 353 
04PE2000 7.0 39.0 15 .3 
04PN0500 38.3 44.8 6 .5 29.9 
04PN2000 283 13.0 7.5 16 .3 
04PS0500 15 .5 35.0 2.0 17 .5 
04PS2000 23.0 65.5 29.5 
04PW0500 12.0 47.8 2 .0 20.6 
04P W 2000 45.8 43.0 1 .5 30 .1 
OSSNO500 1 .0 
OSSN2000 2.8 
06SN0500 
06SN2000 
07SN0500 1 .0 
07SN2000 10.5 
08SN0500 2.5 
O8SN2000 
09SN0500 5.5 
09SN2000 1 .5 
I OSNO500 3.5 
I OSN2000 8.5 
11 SNO500 1 .0 
11 SN2000 21 .5 
12SN0500 4.0 
12SN2000 
I 3SN0500 
13SN2000 
14SN0500 
14SN2000 .5 
15SN0500 .5 
15SN2000 6.0 
16SN0500 17 .0 
16SN2000 14 .5 
17SN0500 
17SN2000 
18SN0500 
1 SSN2000 3.5 
19SN0500 
19SN2000 
20SN0500 
20SN2000 2.3 
21C 8.3 3 .0 3 .8 
22C 24.5 8 .2 
23C 5 11 .5 4 .0 
24C 5.5 2 .0 5 .5 43 
Average ~ 11 .3 ~ 69 3.4 
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TABLE 43 . Average number of individuals of Sphaerolaimus (Nematode) by stadowwsd cruise . 
ver a Number o Individ uals/Core 

Station Cruise I Cruise 11 Cruise III Averaite 
Ol PE0500 2.0 1 .0 2 .5 1 .8 
Ol PE2000 4.0 63 3.0 4.4 
Ol PNO500 1 .8 .6 
Ol PN2000 12 .3 13 4.5 
O1 PSOS00 .8 1 .0 .6 
Ol PS2A00 1 .S 1 .0 2 .0 1 .5 
Ol P WO500 2.0 1 .5 1 .2 
O1 P W2000 4.8 1 .5 2 .3 2.9 
02PE0500 .S .5 1 .0 .7 
02PE2000 2.3 .8 8 .3 3 .8 
02PN0500 1.5 2 .5 13 
02PN2000 7.0 .S 4 .5 4.0 
02PS0500 7.3 .5 2 .0 3 .3 
02PS2000 6.3 1 .3 2 .5 3 .4 
02P WO500 1.0 1 .0 .7 
02P W2000 2.5 .S .S 1 .2 
03PE0500 3.5 1 .0 1 .0 1 .8 
03PE2000 5 .0 1 .0 S.0 3.7 
03PN0500 1 .0 2 .0 1 .3 1 .4 
03 PN2000 1 .0 .5 .5 
03PS0500 1 .0 .3 
03PS2000 2.0 2.0 1 .3 
03PW0500 6.0 2 .0 2 .7 
03P W 2000 12 .3 1 .0 4 .4 
04PE0500 8.3 1 .0 3 .1 
04PE2000 2.0 1 .0 1 .0 
04PN0500 1 .5 2 .5 13 
04PN2000 7.5 1 .0 1 .5 33 
04PS0500 8.0 2 .5 3 .5 
04PS2000 2.0 2 .0 .S 1 .S 
04P W0500 11 .0 2.0 4 .3 
04PW2000 5.3 4 .0 3 .1 
OSSNO500 
OSSN2000 3.0 
06SN0500 
06SN2000 
O7SNO500 
07SN2000 2.8 
08SN0500 2.0 
OSSN2000 
09SN0500 
09SN2000 
l OSN0500 
l OSN2000 .5 
11 SNO500 
11 SN2000 
12SN0500 1 .0 
12SN2000 
13SN0500 
13SN2000 
14SN0500 
14SN2000 
15SN0500 1 .5 
15SN2000 1 .5 
16SN0500 2.0 
16SN2000 2.0 
17SN0500 
17SN2000 
18SN0500 .5 
18SN2000 2.0 
19SN0500 
19SN2000 
20SN0500 2.0 
20SN2000 3.3 
21C 3.0 1 .0 1 .3 
22C 8.8 1 .3 3.4 
23C 2.0 3.0 1 .7 
24C 1 .5 1 .5 1 .0 1 .3 
Average 3.8 1 .1 1 .5 
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TABLE 44. Percent total number of individuals per cruise for meiofauna Nematoda . 

Percent Total Number of Indi viduals/Cruise 
Site Cruise I Cruise II Cruise III Average 
POI 32.3 54.2 76.9 54.5 
P02 61 .5 83.0 81 .1 75 .2 
P03 24.9 14.7 34.3 24.6 
P04 21 .4 13.9 28.7 21 .3 
SOS 88.2 88.2 
S06 9.7 9.7 
S07 6 .8 6 .8 
S08 4.3 4 .3 
S09 12.8 12 .8 
S10 44.0 44.0 
Sil 42.2 42.2 
S12 8 .9 8.9 
S13 9.3 9 .3 
S14 22.8 22.8 
S15 41 .5 41 .5 
S16 26.2 26.2 
S17 48 .1 48.1 . 
S18 47.1 47.1 
S19 97.7 97 .7 
S20 37.5 37 .5 
C21 24.1 31 .9 47.5 34.5 
C22 18.8 1 .8 53 .8 24.8 
C23 11 .2 8 .1 25 .7 15 .0 
C24 34.8 14.1 60.0 36.3 
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Table 45 indicates that for all three cruises 
the percentage of total number of individuals comprised 
of meiofauna Nematoda tended to decrease with depth, 
with the exception of the depth zone >90 m. However, 
only one value was available for the depth zone >90 m 
(S15), and therefore a percentage of 41 .5% may not be a 
true indication of a noticeable increase . There also ap-
peared to be a tendency to increase from Cruise I to 
Cruise II, perhaps indicating some seasonal effect . 

During Cruise I, a low of 69,608 individuals 
per m2 was found at C23 and a high of 1,777,490 indi-
viduals per m2 at P2 N2000. During Cruise II, a low of 
2,486 individuals per mz was collected at S6 N2000 and 
S17 N2000 and a high of 778,118 individuals per mz at 
SS N2000 . For Cruise III, a low of 11,187 individuals 
per mz was collected at C23 and a high of 692,351 indi-
viduals per m2 at P3 E2000 . 

Average diversity and evenness values for 
meiofauna Nematoda were generally similar for all 
three cruises and similar between the Primary and Con-
trol sites (Table 46) . Two exceptions were C22 (Cruise 
II) and C23 (Cruise III) . These decreases in diversity 
were due to a decrease in number of species and not a 
decrease in evenness . There was no pronounced increase 
or decrease in diversity or evenness from Cruise I to 
Cruise II . The six Secondary Sites which had exception-
ally low total average percentages of total number of in-
dividuals had moderate Nematoda diversities, except 
S13 . Sites S13 and C22, Cruise II, had the lowest Nema-
toda diversities . Diversity decrease at S13 was probably 
the result of a decrease in number of species coupled 
with a decrease in evenness . 

(2) Harpacticoida :Nematoda Ratio- The 
average ratio at each site for all three cruises indicates 
that the Nematoda far outnumbered the Harpacticoida 
(Table 47) . The lowest ratios were found during Cruise 
II and at C24 during Cruise I . However, some of the 
highest values were found at 515, S16, and S17 during 
Cruise II ; one other high value was found at C23 during 
Cruise III . 

Averages for all three cruises at the Primary 
Sites ranged from 0.0142 to 0.0551, with an overall av-
erage for Primary Sites being 0.0297 . Averages for all 
cruises at the Control Sites ranged from 0.0118 to 
0.0799 with an overall average of 0.0308 . Therefore, the 
Harpacticoida :Nematoda (H:N) ratio was higher at the 
Controls than at the Primary Sites, but the ratios ap-
peared to be similar . The average for all Primary and 
Control Sites for all cruises was 0.0303, which is compa-
rable to the 0.04 ratio reported by Pequegnat (1979) for 
the BLM South Texas OCS Project. 

If the average H:N ratio is examined by 
depth zone over seasons, one can see a general trend to-
ward increasing ratio with depth regardless of season 
(Table 48) . This increase appeared to be related to a de-
crease in Nematoda numbers due to a corresponding in-
crease in percent sand . There did not appear to be a sea-
sonal trend within a depth zone . 

c. Kinorhyncha 
A total of nine taxa of Kinorhyncha were 

identified in the meiofauna; nine during Cruise I, four 
in Cruise II, and three in Cruise III (see Table 8) . Table 
49 presents the frequency of observation, abundance, 
and rank for the meiofauna Kinorhyncha collected in 

this project . None of the Kinorhyncha taxa were in the 
top 15 meiofauna taxa common to each cruise . Of the 
taxa selected for cluster analysis, i .e ., those taxa which 
occurred frequently enough and were abundant enough 
to comprise 98% of the total, 3.8% of Cruise I, 2.9% of 
Cruise II, and 2.7%a of Cruise III were Kinorhyncha. 

Kinorhyncha comprised 0.9% of the total 
number of individuals during Cruise I, 0.4% in Cruise 
II, and 0.6% in Cruise III, with an overall average of 
0.6% (see Table 10) . Table 50 presents the percentage of 
the total number of individuals by station per cruise for 
the Kinorhyncha . A higher percentage of Kinorhyncha 
occurred at the Primary Sites than at the Control or Sec-
ondary Sites . Kinorhyncha were found at I1 Secondary 
Sites and four Control Sites . Site P2 had the highest per-
centage of number of individuals of any site for all three 
cruises . Percentages at the Secondary Sites were similar 
to those at the Control Sites . 

Densities ranging from 1,243 to 139,216 per 
mz were found fox the kinorhynchs during Cruise I . 
During Cruise II, densities ranged from 1,243 to 23, 617 
per m2 ; for Cruise III, densities ranging from 1,243 to 
11,187 per mz were observed. 

Average diversity and evenness values for 
meiofauna Kinorhyncha were generally higher at the 
Control Sites (for sites where diversity could be calcu-
lated) than at the Primary Sites (Table S1) . The high di-
versity values at the Control Sites appeared to be the re-
sult of increased evenness and not an increase in number 
of species. At the Primary Sites, diversity generally de-
creased from Cruise I to Cruise III at P1 and P3, but 
showed a slight increase at P2 and P4. For Control 
Sites, where sufficient data were available, diversity re-
mained consistent over all cruises . 

d. Harpacticoida 
A total of 64 taxa of Harpacticoida were 

identified in the meiofauna ; 48 in'Cruise I, 31 in Cruise 
II, and 30 in Cruise III (see Table 8) . Table 52 presents 
the frequency of observation, abundance, and rank for 
the meiofauna Harpacticoida collected in this project. 
None of the Harpacticoida were among the top 15 meio-
fauna taxa common to each cruise . Of the taxa selected 
for cluster analysis, i .e ., those taxa which occurred fre-
quently enough and were abundant enough to comprise 
98% of the total, 10.0% of Cruise I, 2.9% of Cruise II, 
and 9.6% of Cruise III were Harpacticoida . 

Harpacticoida comprised 1 .3% of the total 
number of individuals during Cruise I, 0.2% in Cruise 
II, and 2.1% in Cruise III with an overall average of 
1 .2% (see Table 10) . Table 53 presents the percentage of 
the total number of individuals by station per cruise that 
were Harpacticoida . The highest average percent-
age,25 .3%, was at S17 . All other percentages were less 
than 5% . Site S17 had a high percentage of silts and 
clays and a D.O . reading of 5 .0. There is no apparent 
explanation for the high percentage of Harpacticoida. 

Table 54 indicates that the percentage of 
meiofauna Harpacticoida tended to increase slightly 
with depth . Because the percentages were very low, it is 
difficult to detect trends . 

During Cruise I, harpacticoid densities rang-
ing from 1,243 to 1.25,543 per m2 were observed . Cruise 
II densities ranged from 1,243 to 22,374 per mz ; Cruise 
III densities ranged from 1,243 to 50,963 per mz . 
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TABLE 45 . Distribution by depth zonation and cruise of Nematode as 
percent of total number of meiofauna. 

Percent Total Number of Individuals/Cruise 
Depth Zone m ~ Cruise I Cruise II Cruise III:::l Average 

< 30 34 .3 41 .3 63.9 46.5 
30 to 90 19.2 I 6 .5 I X 29.6 21 .8 I > 91 -- 41 .5 

Depth zone <30m included sites Pl, P2, SS, S8, 510, Sl l, 512, 514, S18, S19, S20, C21, C22, and C24. 
Depth zone 30 to 90 m included sites P3, P4, S6, S7, S9, 513, 516, S17, and C23. 
Depth zone >91 m included only site S 15 . 

TABLE 46 . Average diversity and evenness values of the meiofauna Nematoda 
taxa by site and cruise. 

Evenness 
Diversit Pielou Hei 

Site Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III 
POI 2.42 2.10 2.13 0.751 0.724 0.741 0.430 0.424 0.444 
P02 2 .23 1 .67 2.25 0.698 0.612 0.721 0.357 0.282 0391 
P03 2 .62 2.32 2.57 0.778 0.759 0.785 0.460 0.466 0.477 
P04 2.38 2.30 1 .98 0.743 0.766 0.780 0.416 0.470 0.545 
S05 1 .70 0.588 0.264 
S06 1 .16 0.934 0.888 
S07 2.07 0.879 0.745 
S08 2.06 0.804 0.589 
S09 1 .98 0.797 0 .584 
S10 2.34 0.706 0.355 
S11 2.20 0.686 0.340 
S12 1 .74 0.776 0.557 
S13 0.80 0.443 0.389 
S14 1 .96 0.833 0.639 
S15 2.26 0.854 0.655 
S16 2.45 0.795 0.509 
S17 1 .65 0.926 0.829 
S18 2.00 0.774 0.522 
S19 1 .99 0.627 0.288 
S20 2.33 0.748 0.431 
C21 2.09 1 .98 2.19 0.649 0.661 0.745 0.294 0.328 0.442 
C22 2 .60 0.80 2.32 0.781 0.725 0.789 0.462 0.609 0.512 
C23 2 .02 2.41 1 .50 0.698 0.804 0.839 0.384 0.532 0.699 
C24 2 .64 2.41 2.62 0.811 0.791 0.813 0.522 0.506 0.528 

54 



TABLE 47 . Average Harpacticoida:Nematoda ratio by site and cruise . 

Harnacticoida :Nematoda Ratio 

Site Cruise I Cruise II Cruise III Average 
POI 0.0252 0 .0065 0.0110 0.0142 
P02 0.0529 0.0002 0.0348 0.0293 
P03 0.0619 0.0098 0.0936 0.0551 
p04 0 .0299 0.0177 0.0129 0.0202 
SOS <0.0001 
Sp( <0.0001 
S07 <0.0001 
S08 0.0216 
S09 0.0223 
S10 0.0033 
S11 0.0022 
S12 <0.0001 
S13 <0.0001 
S14 0.0069 
S15 0.1008 
S16 0.1211 
S17 0.4314 
S18 0.0053 
S19 0.0018 
S20 0.0020 
C21 0.0297 <0.0001 0.0058 0.0118 
C22 0.0423 <0.0001 0.0074 0.0166 
C23 0.0360 0.0926 0.1111 0.0799 
C24 <0.0001 0.0076 0.0373 0.0149 

TABLE 48 . Average Harpacticoida :Nematoda ratio by depth zonation and cruise. 

Har acticoida:Nematoda Ratio 
Depth Zone (in) I Cruise I Cruise II Cruise III Average 

<30 0.0300 0.0041 0.0193 0.0178 
30 to 90 0.0426 

I 
0.0772 

I 
0.0725 0.0641 

>91 -- 0.1008 -- 0.1008 
Depth zone <30 m included sites P1, P2, SS, S8, 510, Sl l, 512, Si4, 518, 519, 520, C21, C22, and C24 . 

Depth zone 30 to 90 m included sites P3, P4, S6, S7, S9, 513, 516, 517, and C23 . 
Depth zone >9l m included only site S 15 . 

TABLE 49 . Frequency of observation, abundance, and rank for the meiofauna Kinorhyncha by cruise . 

Cruise I Cruise II Cruise III Total 
2 Rk3 Obs' Indz RV Obs' Ind2 RV Obs' Ind2 RV 

Kinorhyncha 9 47 85 3 10 114 12 57 110 
Homalorhagida 1 4 207 1 4 251 
Pycnophyes 13 52 66 10 51 69 2 6 107 25 109 74 
Trachydemus 23 158 35 17 86 49 8 40 64 48 284 47 
Neocentrophyes 2 4 175 2 4 219 
Cyclorhagida 1 1 252 1 1 333 
Echinoderes 35 1659 12 33 451 27 21 274 25 89 2384 21 
Semnoderidae 2 8 161 2 8 200 
Cateria 2 6 167 2 6 209 
'Obs-denotes number of observations . 
Zlnd-denotes number of individuals . 
3Rk-denotes rank . 
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TABLE 50 . Percent total number of individuals by site and cruise for meiofauna Kinorhyncha. 

Percent Total Number of Individuals/Cruise 
Site Cruise I Cruise II Cruise III Average 

POI 0.9 0 .3 0.2 0.5 
P02 2.4 3 .1 1 .0 2 .2 
P03 0.5 0 .1 0.7 0.4 
P04 0.6 0.4 0.3 0.4 

SOS --~ -- 
S06 -- -- 
S07 -- -- 
S08 -- -- 
S09 -- -- 
S10 0.1 0.1 
S11 0.1 0 .1 
S12 -- 
S13 -- 
S14 -- 
S15 0.7 0.7 
S16 -- 
S17 -- 
S18 0.8 0.8 
S19 -- -- 
S20 0.3 0 .3 
C21 0.3 0 .1 -- 0 .1 
C22 0.4 -- -- 0.1 
C23 0.4 0.2 -- 0.2 
C24 0.7 0 .2 1 .0 0 .3 
'(--)Indicates the taxa did not occur at that station. 

TABLE S 1 . Average diversity and evenness values for the meiofauna Kinorhyncha 
taxa by site and cruise . 

Evenness 
Diversit Pielou Hei 

Site Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III 

POI 0.63 0.06 0.08 0.624 0.090 0.115 0.532 0.081 0.111 
P02 0.46 0.51 --1 0.402 0.556 -- 0.291 0.471 -- 
P03 0.47 0.14 0.26 0.481 0.205 0.311 0.423 0.192 0.292 
P04 0.52 0.55 -- 0.686 0.601 -- 0.643 0.540 -- 

SOS 
S06 
S07 
S08 
S09 
S10 0.35 0.500 0.500 
S 11 -- -- -- 
S12 
S13 
S14 
S15 -- -- -- 
S16 
S17 
S18 -- -- -- 
S19 
S20 -- -- -- 
C21 --~ -- -- -- -- -- 
C22 0.51 0.463 0.332 
C23 0.64 0.64 0.918 0.918 0.890 0.890 
C24 -- 0.64 0.64 -- 0.918 0.918 -- 0.890 0.890 

'(--) denotes insufficient numbers of individuals per taxa to calculate diversity or evenness. 
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TABLE 52 . Frequency of observation, abundance, and rank for the 
meiofauna Harpacticoida by cruise . 

Cruise I Cruise II Cruise III Total 
Taxa Obs' Ind2 RV Obs Ind Rk Obs Ind Rk Obs Ind Rk 

Harpacticoida 8 44 92 3 10 116 4 28 78 15 82 98 
Longipedia helgolandica 13 139 63 2 6 138 15 145 97 
Ectinosomidae 5 44 116 2 12 130 3 36 91 10 92 121 
Ectinosoma 4 164 118 2 46 123 6 210 135 
Pseudobradya hirsute 1 8 123 1 8 232 
Halectinosoma 27 497 27 16 88 52 19 238 28 62 823 33 
Harpacticidae 1 8 185 1 8 233 
Tigropus 1 1 255 1 1 336 
Zausodesarenicolus 2 6 172 2 6 214 
Peltidium 1 2 157 1 2 322 
Tisbidae 1 4 217 1 4 266 
Euterpina acutifrons 1 8 186 1 2 158 2 10 197 
Laophontidae 1 4 139 1 4 267 
Paralaophonte 2 8 163 1 4 140 3 12 179 
Paralaophonte pacifica l 4 141 1 4 268 
Laophontecornuta 1 2 248 1 2 323 
Normanella 1 4 218 1 4 269 
Normane(la mucronata 1 4 219 l 4 270 
Normandla serrate 6 48 104 6 48 139 
Normanelia confluens 4 32 121 6 46 83 4 16 85 14 94 104 
Ameiridae 2 4 177 2 4 224 
Nitocra 1 4 161 1 4 271 
Ameira 12 94 67 2 36 97 14 30 101 
Pseudameira 1 4 220 1 4 162 2 8 202 
Pseudameira perplexa 1 8 187 1 8 234 
Cletodidae 21 164 39 2 8 134 4 22 80 27 194 71 
Cletodes 2 3 178 2 16 127 2 8 106 6 27 143 
Cletodeslongicaudatus 1 4 221 3 10 117 4 14 163 
Cletodes dissimilis 3 18 139 1 2 203 7 56 67 11 76 115 
Cletodes limicola limicola 1 4 222 1 4 163 2 8 203 
Cletoda tcnuipes 7 26 100 3 14 111 1 2 139 11 42 118 
Cietodes latirostris 1 4 223 1 4 272 
Cletodes csrthaginiensis 1 2 204 1 2 324 
Enhydrosoma 9 95 84 5 22 75 14 117 102 
Enhydrosoma longifurcatum 4 34 120 I 4 142 S 38 146 
Enhydrosoma propinguum 3 8 149 3 8 186 
Enhydrosoma uniarticu/alum 1 8 188 ( 4 143 2 12 195 
Enhydrosoma hopkinsi 10 210 73 6 24 88 12 102 48 28 336 63 
Enhydrosoma sarsi 1 8 189 1 8 235 
Enhydrosoma lacunae 1 2 205 1 2 325 
Enhydrosoma A 2 4 143 2 4 225 
Enhydrosomella 1 22 180 1 22 229 
Diosaccidae 18 116 48 4 32 100 6 40 71 28 188 68 
Amphiascus 1 4 164 1 4 273 
Amphiascus minutus 7 48 96 2 8 135 4 40 76 13 96 106 
Haloschizopera 26 338 29 11 64 60 11 74 33 48 476 46 
Robertgurneya 1 4 144 1 4 274 
Ro6ertgurneys ecaudata 1 2 249 1 2 326 
Robertgurneya rostrata 2 8 164 1 4 165 1 8 124 4 20 158 
Ro6ertgurneya ilievecensis 1 4 224 1 4 275 
Robertgurneya diverse l 4 166 1 4 276 
Schizopera 1 1 256 1 1 337 
Stenhelia 10 178 74 9 204 56 19 382 85 
Stenhdia longicaudata 

finmarchica 3 20 137 2 8 136 4 18 81 9 46 125 
Stenhelia mastigochaeta ' 6 30 110 3 16 109 2 16 99 11 62 117 
Stenhelia unisetosa 9 190 82 1 2 206 10 192 120 
Stenhelia refleca 1 2 207 1 2 327 
Typhlamphisscuslamellifer 3 10 (47 9 36 74 9 SO 60 21 96 83 
Pseudomesochra 1 8 148 1 8 236 
Mesochra 3 24 92 3 24 172 
Mesochra lil/je6orgi 1 1 257 1 1 338 
Disrthrodes dissimilis 1 2 160 1 2 328 
Tetragonicipitidae 1 4 167 l 4 277 
Tetr onice s I I 258 ( 1 339 
sow - denotes number of observations. 
=lod - denotes number of individuals . 
3Rk -drnota rank . 
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TABLE 53 . Percent total number of individuals 
by site and cruise for meiofauna Harpacticoida . 

Percent Total Number of Individuals/Cruise 
Site Cruise I Cruise II Cruise III Average 
PO1 0.6 0 .5 0.9 0 .7 
P02 3 .2 0.0' 2 .7 2.0 
P03 1 .6 0.2 2.7 1 .5 
p04 0.6 0.2 0.5 0.4 
SOS --2 -- 
S06 -- -- 
S07 -- -- 
S08 0.1 0.1 
S09 0.4 0.4 
S10 0.2 0.2 
S 11 0.2 0.1 
S 12 -- -- 
S13 1 .3 1 .3 
S14 0.5 0 .5 
S15 4.1 4.1 
S16 2.8 2.8 
S17 25.3 25 .3 
S18 0.4 0.4 
S19 0.2 0.2 
S20 0.1 0.1 
C21 0.7 -- 0 .6 0.4 
C22 0.8 -- 0.4 0.4 
C23 0.4 0J 2.9 1 .3 
C24 -- 0 .1 2 .5 0.9 
~A value of 0.0 indicates rounding to one decimal place. 
z(--) indicates that the taxa did not occur at that station . 

TABLE 54 . Distribution by depth zonation and cruise of Harpacticoida 
as percent of total number of meiofauna. 

Percent Total Number of Individuals/Cruise 
Devth zone (m) I Cruise I Cruise II Cruise III Average 

<30 1 .2 0 .2 1 .4 1 .0 
3 

0 ~ 
0 t 90 0.9 4.4 2 .0 2.4 
>91 -- 4.1 -- 4.1 

Depth zone 30 m included sites Pl, P2, S5, S8, S10, S11, 512, S14, 518, S19, 520, C21, C22, and C24. 
Depth zone <30 to 90m included sites P3, P4, S6, S7, S9, S13, S16, 517, and C23. 
Depth zone >91 m included only site SIS. 

Average diversity and evenness values for meiofauna 
Harpacticoida generally decreased from Cruise I to 
Cruise III at the Primary Sites and increased at the Con-
trol Sites (Table 55) . Changes in diversity were related 
primarily to changes in evenness. But at Sites P4, S8, 
515, S16, 518, C23, and C24, diversity changes were 
probably more related to changes in number of taxa . 

e . Cluster Analysis 
For meiofauna cluster analysis, the taxa iden-

tified for each cruise were ranked first by frequency of 
occurrence and second by abundance within equally oc-
curring taxa (Appendix F, Tables F1, F2, and F3) . From 
this ranked list, the top 98% of the total number of indi-
viduals (abundance) were chosen for use in cluster anal-
ysis (98% of meiofauna by abundance were included in 
the first 80, 68, and 73 taxa for Cruises I, II, and III, 
respectively, of the 353 meiofauna taxa collected) . In-
cluded in this list were several taxa at the level of Order 
and above, e.g ., Rhynchocoela, Nematoda, Copepods, 
etc . ; these were eliminated because many different spe-
cies were probably included and subsequent interpreta-
tion could only be vague . After these higher level taxa 

were eliminated, the remaining taxa were submitted to 
cluster analysis by classification of taxa (inverse classifi-
cation) . Taxa which did not cluster with other groups at 
greater than about 50% similarity (50% dissimilarity) 
were eliminated, and taxa classification cluster analysis 
was rerun . The resulting dendrogram for Cruise I meio-
fauna is presented in Fig . 9 . 

As a result of the cluster analysis by classifi-
cation of taxa, eight Taxa Groups composed of 59 dif-
ferent taxa were delimited . Taxa Group 1 was composed 
of 25 different taxa and was further divided into three 
subgroups . Nematodes comprised 64% of Taxa Group 
1, with forams representing 24%, Gromiidae 4%, ki-
norhynchs 4%, and polychaetes 4% . Most of the taxa in 
Taxa Subgroup IA were found to be widely distributed 
in this study and to include opportunistic species, e.g., 
Ammonia beccarii. Taxa Group 2 was composed of 
four different taxa, all nematodes . Taxa Group 3 was 
comprised of ten taxa and was further divided into two 
subgroups . Sixty percent of the taxa of Taxa Group 3 
were forams, 30% nematodes, and 10% harpacticoids . 
Taxa Group 4 was composed of one foram, one nema-
tode, and one kinorhynch . Taxa Group 5 contained one 
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TABLE 55 . Average diversity and evenness values of the meiofauna Harpacticoida 
taxa by site and cruise . 

Evenness 
Diversity Pielou Help 

Site Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III 

POI 1 .22 0.12 0.66 0.798 0.231 0.557 0.729 0.225 0.516 
P02 1 .99 --' 0.80 0.877 -- 0.563 0.731 -- 0.480 
P03 1 .55 0.30 1 .80 0.704 0.366 0.899 0.533 0.362 0.787 
P04 1 .40 1 .00 0.34 0.786 0.725 0.242 0.708 0.706 0.235 

SOS 
S06 
S07 
S08 0.35 0.500 0.500 
S09 -- -- -- 
S 10 -- -- 
S 1 l -- -- -' 
S12 
S13 -- 
S14 -- -- -- 
S15 1 .00 0.913 0.865 
S16 1 .45 0.806 0.666 
S17 0.73 0.375 0.275 
S18 0.35 0.500 0.500 
S19 -- -- -- 
S20 -- -- -- 
C21 0.68 -- 0.617 -- 0.485 -- 
C22 2.05 -- 0.826 -- 0.617 -- 
C23 1 .39 -- 0.617 -- 0.485 -- 
C24 0.69 0.96 1 .000 0.878 1.000 0.812 

'(--) denotes insufficient numbers of individuals per taxa to calculate diversity or evenness. 
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FIG. 9. Dendrogram of Cruise I meiofauna cluster analysis classified by taxa . 
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foram, one kinorhynch, and the temporary meiofauna 
species, Paraprionospio pinnata . This polychaete was 
one of the dominant macroinfauna taxa found in this 
study . Taxa Group 6 contained one nematode and one 
harpacticoid taxa plus two temporary meiofauna poly-
chaetes, Nephtys incisa and Sigambra tentaculata . Both 
of these polychaetes were among the dominant macroin-
fauna taxa found in this study . Taxa Group 7 was com-
prised of two forams, two harpacticoids, and one poly-
chaete . Taxa Group 8 was formed by two forams, two 
nematodes, and one harpacticoid . 

Using the reduced set of taxa, cluster analy-
sis by classification of stations (normal classification) 
was run . The resulting dendrogram for Cruise I meio-
fauna is presented in Fig . 10 . Four Station Groups were 
delimited and are indicated in this figure . The stations 
within each group appear to be related on the basis of 
sediment type (Table 56) . Station Group 1 was com-
posed of P 1 stations, C21, C22, and C24, which shared 
a common sediment of sandy clayey silt . Station Group 
2 was separated into two subgroups . Station Subgroup 
2A was comprised of five P3 stations with a common 
sediment type of silty sand . Station Subgroup 2B consis-
ted entirely of P4 stations which had primarily silt sedi-
ments . Station Group 3 consisted only of P2 stations 
which basically had sediments of clayey silt with some 
sand . Station Group 4 contained three P3 stations plus 
C23 and was characterized by sand sediments with some 
silt . 

Table 57 presents a two-way coincidence 
table of the Taxa and Station Groups for Cruise I meio-
fauna . Based upon relative abundance, Taxa Subgroup 

IA tended to be well represented in all Station Groups, 
with Station Group 1 appearing to have the best condi-
tions . Taxa Subgroup 1 B was favored in Station Group 
3 while Station Subgroup 2B provided the best condi-
tions for Taxa Subgroup 3C . Station Group 1 provided 
the necessary environment for Taxa Group 2 . Taxa Sub-
group 3A had the best conditions at Station Subgroup 
2A while Station Subgroup 2B provided the best habitat 
for Taxa Subgroup 3B . Taxa Group 4 appeared to be fa-
vored equally at Station Groups 1 and 3 while Station 
Group 3 favored Taxa Groups 5, 6, and 7 . Taxa Group 
8 had the best environmental conditions at Station Sub-
group 2A. 

The taxa classification cluster analysis den-
drogram for Cruise II meiofauna is presented in Fig . 11 . 
Five Taxa Groups of 40 taxa were delimited and are in-
dicated . Taxa Group 1 was composed of 13 taxa all of 
which, except for one, had been members of Cruise I 
Taxa Subgroups IA or 1B . Thus, Taxa Group 1 had 
92% of the same taxa included in Cruise I Taxa Group 
1 . Five of the nine members of Taxa Group 2 were to-
gether with Cruise I Taxa Group 1 and three were to-
gether in Cruise I Taxa Group 3 . For Taxa Group 3, 
three of the members had been included in Cruise I Taxa 
Group 1 . Three of the five members of Taxa Group 4 
had been together as members of Cruise I Taxa Group 
3 . Three of the six members of Taxa Group 5 had been 
grouped as members of Cruise I Taxa Group 3 . 

Figure 12 presents the dendrogram of the 
cluster analysis by classification of stations for Cruise II 
meiofauna . Eight Station Groups were delimited ; sta-
tions within each group appear to be related on the basis 
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TABLE 56 . Average percent sediment composition for each Primary, Secondary, and Control Site by cruise . 

% Gravel % Sand % Silt % Clay % Smecdtel Classification 
Cruise Cruise Cruise Cruise Cruise Cruise 

Site I II III I II III I II III I II III I II I III 
POI 0.0 0 .1 0 .2 19 .8 14.9 15 .0 63 .8 70.9 63 .9 16 .3 14 .0 20.7 11 .6 Sandy Clayey Silt Sandy Clayey Silt Sandy Clayey Si l t 
P02 0 .3 0 .4 0 .6 36 .1 34 .3 28.8 44 .4 44 .7 44.5 19 .1 20 .4 25 .9 13 .9 Sandy Clayey Silt Sandy Clayey Silt Sandy Clayey Silt 
P03 0 .9 0 .6 0 .3 73 .1 67 .0 72.2 19 .2 19.6 16 .4 6 .8 12 .6 11 .0 5 .2 Silty Sand Silty Clayey Sand Silty Clayey Sand 
P04 0 .3 0 .1 0 .2 9 .8 8 .4 7 .7 77 .6 77 .4 70 .4 12 .2 14 .0 21 .6 8 .4 Clayey Silt Clay ey Silt Clayey Silt 
SOS 13 38 .3 47 .4 12 .8 9.6 Sandy Clayey Silt 
S06 0 .2 3 .1 58 .7 38 .0 34.0 Clayey Silt 
S07 0 .1 5 .3 59.3 35 .2 28 .8 Clayey Silt 
S08 0.0 5 .7 67 .3 27 .0 18 .2 Clayey Silt 
S09 0.0 3 .3 87 .5 9 .1 6.7 Silt 
S10 1 .3 49.0 44.0 5 .6 2.6 Silty Sand 
Sl l 0 .9 63 .2 30.0 5 .8 3 .7 Silty Sand 
S12 0.0 2 .3 87 .3 10.3 5 .9 Silt 
S13 0 .1 6 .5 65 .8 27 .5 22.7 Clayey Silt 
Sl4 0 .1 11 .3 77 .1 11 .3 10 .3 Sandy Clayey Silt 
S15 0.0 4 .8 85 .6 9 .5 6 .6 Silt 
S16 0.0 4 .1 81 .2 14.6 13 .7 Silt 
S17 0 .3 7 .6 78 .2 13 .8 10 .5 Clayey Silt 
S18 0.0 6 .2 75 .2 18 .5 11 .7 Clayey Silt 
S19 0.0 95 .1 2.7 2 .1 1 .5 Sand 
S20 0 .1 39 .7 45 .8 14.3 10 .9 Sandy Clayey Silt 
C21 0.0 0 .1 0 .3 45 .5 10 .1 30 .5 37 .2 63 .9 45 .9 17 .1 25 .7 23 .2 12 .1 Silty Clayey Sand Sandy Clayey Silt Sandy Clayey Silt 
C22 I U .U U .U 0 .2 2$ .S 22.0 I 19 .5 63 .9 63 .2 57 .2 7 .3 14.7 23 .0 4.7 Sand Silt Sand Clayey Silt Sand Clayey Silt 
C23 I 0 .0 I 0 .0 I 0 .0 I 7 .9 I 5 .8 I 7 .5 I 77 .7 I 70.3 I 68.7 I 14.3 I 23 .8 I 23 .7 I 8 .1 I I Clayey Silt I Clayey Silt I Clayey Silt 
C24 ~ 0 .0 0 .0 0 .0 3 .6 3 .0 ~ 4 .0 76 .5 74.6 73 .1 19.7 22.3 22 8 12 0 Clayey Silt Clayey Silt Clayey Silt 

"Cuy mmttaiogy Hmpies were not couawa during Cruise iii. 



TABLE 57 . Cruise I meiofauna: two-way coincidence table of stations versus taxa used in cluster analysis . 
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FIG. 12 . Dendrogram of Cruise II meiofauna cluster analysis classified by station 



of sediments (see Table 56) . These are indicated in this 
figure. Station Group 1 was composed of five P1 sta-
tions, two P2 stations, S 10, S 11, one S 12 station, 520, 
and C21, all characterized by sandy silt sediments . In 
Cruise I, all P1 stations and three of four Controls had 
been grouped together . Station Group 2, which was di-
vided into four subgroups, was comprised of five P3 
stations, P4, one S8 station, 516, C23 and C24, all ba-
sically clayey silt sediments . As in Cruise I, most P3 and 
P4 stations were grouped together . Station Group 3 was 
formed by three P3 stations and one station each of 57, 
S9, S14, 515, and S18 with sediments of silt, some clay, 
and sand . This Station Group essentially had no coun-
terpart in Cruise I . Station Group 4 was composed of 
one station each of S8 and S12 plus C22, which had pre-
dominantly silt sediments with some clay . This group 
also had no counterpart in Cruise I ; C22 had been 
grouped with Station Group 1 in Cruise I . Station 
Group 5 was formed by three P1, six P2, and both SS 
stations and had basically silt-sand sediments with some 
clays . This station group corresponds to Station Group 
3 of Cruise I . Note the inclusion of some P1 and P2 sta-
tions that were not grouped together during Cruise I . 
The remaining Station Groups do not have Cruise I 
counterparts . Station Group 6 had mainly clayey silt 
sediments while Station Group 7 had sand sediments . 
Station Group 8, consisting of two stations, provided 
little information and will not be discussed further . 

Table 58 presents a two-way coincidence 
table of the Taxa and Station Groups for Cruise II 
meiofauna . Taxa Group 1, which contained many 
widely distributed taxa, occurred at almost all station 
groups . However, it probably had the best environmen-
tal conditions at Station Group i, which was the case 
during Cruise I . Taxa Groups 2, 3, and 4 were favored 
at Station Subgroup 2B . Station Group I provided the 
best conditions for Taxa Group 5 . 

The taxa classification cluster analysis den-
drogram for Cruise III meiofauna is presented in Fig . 
13 . Five taxa groups of 45 taxa were delimited and are 
indicated in this figure . Taxa Group 1 was composed of 
15 taxa and was further divided into three subgroups . 
All but two of the taxa were also members of Taxa 
Group 1 during both Cruises I and II . Taxa Group 2 was 
comprised of 12 different taxa and was also further di-
vided into three subgroups . Eight of the taxa had been 
included in Cruise I Taxa Group 1, and four taxa had 
been in Cruise II Taxa Group 2 . Taxa Group 3 was 
formed by 12 taxa which had been in Cruise I Taxa 
Groups 1, 2, and 3 and Cruise II Taxa Groups 2, 3, 4, 
and 5 . Taxa Group 4 was composed of six taxa which 
had been in Cruise I Taxa Groups 6 and 7 and Cruise II 
Taxa Group 5 . Taxa Group 5 consisted of only one 
taxon, which gave very little information, and will not 
be discussed further . 

Figure 14 presents the dendrogram of the 
cluster analysis by classification of stations for Cruise 
III meiofauna . Four Station Groups were delimited and 
are so indicated . Stations within each group were related 
through sediment type (see Table 56) . Station Group 1 
consisted of all P1 and P2 stations ; they had sandy 
clayey silts . During Cruise I, P1 was not grouped with 
P2, but during Cruise II, several P1 and P2 stations 
were grouped together . Note the exclusion of any Con-
trol Site from Station Group 1 . Station Group 2 was 
formed by seven of the eight P3 stations and had silty 

sand sediments . In Cruises I and II, P3 stations were 
grouped with P4. Station Group 3 contained one P3 sta-
tion, six P4 stations, C22, C23, and C24 and had sedi-
ments basically of clayey silt . Note the grouping of three 
Control Sites with P4 . During Cruise II, C23 and C24 
had been grouped with P4 . Station Group 4 was com-
prised of two P4 stations and C21; these also had clayey 
silt sediments . This group did not have a counterpart 
during Cruises I and II . Note that C21 had been 
included in Station Group 1 with P1 during Cruises I 
and II . 

Table 59 presents a two-way coincidence 
table of the Taxa Groups and Station Groups for Cruise 
III meiofauna . Taxa Subgroup l A, because of its widely 
distributed taxa, occurred at Station Groups 1, 2, and 3 
but appeared to be favored at Station Group 1 . Station 
Group 1 had also provided the best conditions for Taxa 
Group IA in Cruise I and Taxa Group i in Cruise II . 
Station Group 1 also had the best conditions for Taxa 
Subgroup 1 B . During Cruise I, this taxa group had been 
favored at Station Group 3 . Tea Subgroup 1C was fa-
vored at Station Group 2, but also occurred at Station 
Group 3 . Station Group 2 also provided the best habitat 
for all subgroups of Taxa Group 2 . Thus, perhaps this 
taxa group need not be divided even though the dendro-
gram might indicate otherwise . The relationship be-
tween Taxa Group 2 and Station Group 2 was the same 
as that found during Cruise II . Taxa Group 3 had the 
best environment at Station Group 3 ; this was similar to 
the relationship between Cruise II Taxa Group 3 and 
Cruise II Station Group 2 . Station Group 1 favored 
Taxa Group 4 . 

Many of the taxa consistently clustered to-
gether and also consistently demonstrated a preference 
for the environment at certain sites . This is summarized 
in Table 60. Members of Cruise I Taxa Groups IA and 
1B, Cruise II Taxa Group 1, and Cruise II Taxa Groups 
lA and 1B were essentially the same and demonstrated a 
preference for P1, P2, and C21 . Cruise I Taxa Groups 
1C and 3 appeared to be almost the same as Cruise II 
Taxa Groups 2, 3, and 4 and Cruise III Taxa Groups 
1C, 2, and 3 ; these occurred in greatest density at P3, 
P4, C23, and C24. Members of Cruise I Taxa Group 7 
and Cruise III Taxa Group 4 were generally the same 
and were consistently found in greatest numbers at P2 . 
There appeared to be little relation between other Taxa 
Groups and sites not listed in Table 60. 

Figure 15 presents the meiofauna similarity 
between stations . Note that most station groupings tend 
to parallel the Louisiana coastline and therefore follow 
major sediment depositional patterns . 

S. Macroinfauna 

a . Polychaeta 
A total of 158 different taxa of Polychaeta 

were identified in the macroinfauna ; 127 during Cruise 
I, 104 in Cruise II, and 104 in Cruise III (see Table 11) . 
Table 61 presents the frequency of observation, abun-
dance, and rank for the macroinfauna Polychaeta col-
lected in this project. Paraprionospio pinnata, Sigam-
bra tentaculata, Cossura delta, Magelona phyllisae, 
Nephtys incisa, Lumbrineris tennis, Tharyx marioni, 
and Nereis were among the top 10 macroinfauna taxa 
common to each cruise . Of the taxa selected for cluster 
analysis, i .e ., those taxa which occurred frequently 
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TABLE 58 . Cruise II meiofauna: two-way coincidence table of stations versus taxa used in cluster analysis. 
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FIG. 14 . Dendrogram of Cruise III meiofauna cluster analysis classified by station 
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TABLE 59 . Cruise III meiofauna : two-way coincidence table of stations versus taxa used in cluster analysis . 

Station Groups' 

1 2 3 4 

000000000000000 0000000 0202002000 20 
111111122222222 33333 44434?44 14 
PPPPPPPPPPPPPPP PPPPP PCPCPCPP CP 

TAXA GROUPS EESNwSwENErvwwSS NEwwSN N N E SW 3 
022200200?202?0 020202 2 0 2 00 2 
500055055005005 505050 0 5 0 55 0 
00000000000000 000000 0 0 0 000 0 
000000000000000 000000 0 0 0 000 0 

Bolivine lowmeni ~.1 .11t1 .11 . .111 . .111 . 1 1 . . . . . 1 .+ 
Dorylain~opsis + .11 .1 .1 . .1 . 

' 
111 . . ~ . . .~ . ., i .t 

ASebatierie +ltlflll~l ~~~11~1 1111 ~ 11 . .1111 l .i 
Theristus ~111f111 .1111111 . 111111 .1 . . .1 . . . 
Linh n~oeidae o X1111111111111111 1111 . . .1 . .1 . ., l .i ~ ~, 
LYBy, 1 

ll T 
l.~L U i"lli si* incia ersc+e 

1 
. . . . 

gMetacomesoma +1111111 1111111 . 1 . . . . . t , t 
Ammonia beccarii +.1 .f111 . .11 .111 . . . . . . .1 . .1 1 
~r ~p p enj-------- _-B lt~m~nella~mor 

+ . 
~11f~lii"vlLtl~s tr1f1 ~~:riit Mr* u 4 

Nonionella basiloba 
. 

a . . . ,1, . 
~ 

. 
122211 1 .1 .1 .1 .11 1 .+ 

CGromiioae f . . . . . . . . . . . . 11111 . . .1 .1 . .1 . . .t 
Cibicides coneentricus + � , � . . 11111 . . .1 . . . .11 . . 

n mm'na om rime + 1 t 

A$PhaCP0l8 ;TU9 F . . . . .0 . .* . . .~~ . . . . . . . . . 
Mediomastus californiensis + . .-ii . . . . . . . . . . . . . . . . . 
C4 ~nesomat i dae 

'1iE1313inus --------- - +_ "s _" s v _"i -L-- .L z -i Z : : 
BUesTOdoridae 
Chromadorldae 

. . . . . . . . . . 
+ . . . . . . , 

. . . 
. . 
1 1~ ~1~ 

. . . . . 

., . . . 

. . . . . 
. . . . 

TC.Sr~i1 ..... .... ... 
~es hi d ~ 

~. L~~ _-J_ ~- aVLV 
~ 

' ~ 
J1i1L J1%. ~ Ji 

t e t nO 
olaimidae conch 

. . . . . . . . . . 
+ . . . . . . . . . , 

. . . . . . 

. . . . ., 
. . . 
. � i 

Psrecomesoma + �� ., 
'n s m i t 

rIt!aea t . . . . . . . . . . . . . . . . . .f 
Axonolaimidae t . . . . . . . . . . . . . ., i 
Cersmonematidee + . t 
8olivina striatula t . , , . . . . t 
BuliTtna Targinata + , , � � � t 
Desmoscolex 

. 
+ , . . .1 . . . . . . . . , t 

Furaenkoina oontoni + . . . . . . . , . . . , 
Reonhax seottii + , , . . . . . , ., . , t 
Enonides antillarum f ��� � , � , 

* Fursenkoina comolanata t ,1 . . . . . . . . + . 
Trifarine belle t . . . . . . � , 

ara t t 
eotonchus r . . . . .1 . . . . . 

Enhvdrosoma hopkinai t � ,1 � , � , , t 
Stenhelia + ., .,1 .1 t 
Buliminella elevantissime t . . . . . , . . . .1 
r n 9 , 2 c + , . . . , � . � t m vp an a cu 

1 
T 't , . 

'Average number of individuals per core: 
(") denotes 1 to 9 
(1) 

denotes 
0 to 99 

(2) denotes 100 to 999 
(3) denotes >1000 

TABLE 60. Relationship between meiofauna Taxa Groups 
and site preference. 

Taxa Group Associations ; site Preference 
1 . Cruise I Taxa Groups 1 A, 1 B P I , P2, C21 

Cruise II Taxa Group 1 
Cruise III Taxa Groups l A, 1B 

2 . Cruise I Taxa Groups I C, 3 P3, P4 
Cruise II Taxa Groups 2, 3, 4 C23, C24 
Cruise III Taxa Groups 1C, 2, 3 

3 . Cruise I Taxa Group 7 1P2 
Cruise III Taxa Group 4 
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TABLE 61 . Frequency of observation, abundance, and rank for the 
macroinfauna Polychaeta by cruise. 

Cruise I Cruise lI Cruise III Total 
Taxa Obs' Ind= RV Obs Ind Rk Obs Ind Rk Obs Ind Rk 

Aedicira belgicae 2 4 253 2 4 329 
lao hamus verrilli 6 45 153 6 38 % 5 % 85 17 179 107 

Amaeana trilobara 1 4 - -4 - 6 129 2 4 1 S 24 98 86 
Amphareteacutifrons 21 277 38 21 132 33 20 241 20 62 650 31 
Ampharetidae 1 1 355 1 1 461 
Anaitides mucosa 1 2 319 2 2 193 1 1 203 4 5 267 
Ancistrosyllis hartmanae 7 7 150 7 7 192 
Ancistrosyllis jonesi 23 79 35 29 124 21 12 23 48 64 226 29 
Aonides 2 2 153 2 2 334 
Arabella irricolor 2 2 ISl 2 2 352 
Aricidea cerruti 5 11 172 5 11 228 
Aricidea suecica 34 855 10 28 422 22 14 37 37 76 1314 19 
Boccardia hamata ! 1 352 1 1 456 
Capitella capitata ! 4 308 1 4 3% 
Ceratoneras irnta6i is 1 1% 59 12 1 43 38 446 59 
Chaetopterus variopedatus 1 2 324 1 2 231 2 4 330 
Chaetozonesetosa 12 48 88 1 4 219 1 3 174 14 55 127 
Chone duneri 1 1 361 1 1 466 
Cirrophoruslyriformis 16 87 64 25 66 29 3 5 114 44 158 50 
Clymenella zonalis 15 61 72 7 50 83 1 1 214 23 112 88 
Diopatra cuprca 31 890 15 42 239 12 24 170 18 97 1319 14 
Di locirrus 16 40 67 3 3 161 8 12 63 27 55 77 
Dispio uncinata 2 7 175 2 7 320 
Dorvillea caeca 2 3 261 2 3 340 
Dorvilleidae 1 2 322 1 2 415 
Drilonereis lon a 4 4 203 4 5 132 8 9 176 
Eteone heceropoda 1 1 347 1 1 407 
Eunicidae 1 1 255 1 1 452 
Fabrisabella 1 2 325 1 2 420 
Glycera (polychaera) 1 l 207 1 1 430 
Glycera amencana 5 201 27 - 20 103 38 18 65 24 63 369 30 
Glycinde solitaria 10 20 113 7 10 92 4 6 99 21 36 98 
Goniada maculate 1 2 182 1 2 414 
Goniadidae 3 4 299 2 2 194 5 6 240 
Gyptis brevipalpa 4 7 98 4 7 259 
Gyptis vittata 16 45 66 13 24 63 13 17 41 42 86 54 
Hesionidae 1 1 348 1 1 448 
H droides rotulico/a 2 4 255 2 . 4 331 
Laonice curate 4 8 91 4 8 257 
Lepidonotus sublevis 9 16 124 9 16 167 
Lepidonotus variabilis 3 7 222 3 7 284 
Loimia medusa 3 8 220 3 8 283 
Lumbrineris tennis 31 740 16 46 347 7 28 332 9 105 1619 8 
Magelona roses 28 142 23 27 146 24 17 46 28 72 334 21 
Magelonidae 1 3 173 1 3 403 
Maldanidae 2 2 276 4 6 128 6 8 215 
Marphysa btlli 4 9 124 4 9 253 
Marphysasanguinea 5 7 176 5 8 110 2 2 ISO 12 17 149 
Megalomma bioculata 10 216 106 3 4 141 1 1 216 14 231 122 
Mdinna maculate 1 1 356 1 1 462 
Naineris laevigata 1 1 350 1 I 454 
Nephrys bucera 6 10 156 4 7 125 2 2 149 12 29 144 
Nephtysincisa 33 906 11 47 750 6 26 142 16 106 1798 6 
Ne ht s ma dlanica 6 15 162 3 3 160 9 18 166 
Nephtys pieta 3 6 11 2 3 6 285 
Nereidae 25 123 29 17 42 47 6 9 79 48 174 44 
Nereissuccinea 11 130 97 12 32 65 1 1 206 24 163 85 
Ninoeni ri 13 152 78 39 298 14 14 69 35 66 519 27 

riceus 
s 

36 478 6 r 4; 484 5~ 25 93 17 10' 105; 11 
Onuphis aemita 

Z I 
451 
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TABLE 61 . Frequency of observation, abundance, and rank for the 
macroinfauna Polychaeta by cruise . (Cont'd) 
Cruise I Cruise II Cruise III Total 

Taxa Obs' Indz RV Obs Ind Rk Obs Ind Rk Obs Ind Rk 
Ophiodromus obscure 9 18 123 5 8 109 2 2 147 16 28 116 
Orbiniidae 1 2 229 1 2 417 
Owenia fusiformis 12 491 84 7 641 81 8 14 62 27 1146 75 
Paleanotusheteroseta 7 9 147 1 1 250 4 4 102 12 14 150 
Paranaitis speciosa 2 3 138 2 3 337 
Paraonidae 7 17 143 9 25 73 16 42 114 
Paraonis gracilis 15 101 70 14 33 36 18 40 25 47 174 46 
Paraprionospio pinnate 36 18453 1 66 3834 1 35 1026 2 137 23313 1 
Pectinaria gouldii 12 25 93 2 2 197 3 5 116 17 32 111 
Ph llodocidae 1 1 251 1 1 446 
Piste cristata 4 6 194 2 5 177 6 11 206 
Piste palmate 2 3 264 1 1 265 3 14 109 6 18 197 
Polychaeta 1 311 296 1 1 249 2 7 132 4 319 247 
Pol cirrus eximius I 1 358 1 1 464 
Polydora ligni 8 80 126 5 10 88 13 90 137 
Polydora socialis 10 268 105 5 8 91 15 276 118 
Polynoidae 19 41 49 7 11 90 66 52 80 
Prionos io cirrifera 36 907 4 30 184 20 28 223 10 94 1314 15 
Prionospio cirrobranchiata 21 111 41 16 53 48 15 44 32 52 208 40 
Prionos io ygmaea 19 132 45 6 18 98 1 1 210 26 151 79 
Sabella microphthalma 1 1 266 1 1 467 
Sabellaria vulgaris t 1 354 1 1 460 
Sabellidae 12 75 87 2 5 178 14 80 124 
Scolelepis squamata I 3 314 1 3 402 
Scoloplos fragilis 1 l 258 1 1 455 
Sigambra tentaculata 36 476 7 58 550 3 31 371 5 125 1397 3 
Sigambra wassi 8 17 130 9 11 76 2 2 148 19 30 104 
S io ttiboneae 1 1 351 1 1 211 2 2 333 
Spionidae 3 7 2F3-- 1 1 260 4 8 256 
Spiophanes bombyx 16 1398 61 4 13 120 6 8 81 26 1419 78 
Sternaspisscutata 4 6 127 1 1 213 S 7 234 
Sthenelais boa 27 343 24 9 11 73 30 176 8 66 530 26 
Syllidae 3 4 228 3 5 147 6 9 709 
Terebe11ides stroemii 4 7 192 4 13 121 2 6 133 10 26 137 
Tharyx serigera 12 41 90 12 86 64 14 31 38 38 158 60 
Am harete americena 21 4772 36 4 5 133 6 62 72 31 4839 68 
Anaitides eryt6rophyllus 29 275 22 6 7 103 6 11 78 41 293 56 
Ancistrosyllis papillosa 1 3 313 1 1 204 2 4 328 
Aricidea fragilis 21 715 37 18 40 44 12 229 42 51 984 41 
Armandia a ilis 1 1 353 1 1 459 
Armandia maculate 24 112 32 21 69 34 27 141 13 72 322 22 
Asychis elongate 12 19 96 25 208 27 10 28 55 47 255 45 
Ceratocephalecf. C.loveni 4 3 197 4 6 126 7 193 66 15 204 119 
Cirratulusct . C.hed pethi 10 17 114 8 11 79 1 2 184 19 30 105 
Clymmella torquata calida 18 94 32 14 63 54 8 19 60 40 196 57 
Cossura delta 35 588 9 51 322 5 27 187 12 113 1097 4 
Dorvillea sociabilis 2 3 140 2 3 341 
Drilonereiscf . D. filum 1 1 208 1 I 433 
Eupolymnia crassicornis 1 1 357 1 1 463 
GI cindenordmanni 17 41 60 16 28 52 20 45 21 53 114 39 
Goniada fetes 7 15 144 1 4 218 1 5 171 9 24 164 
Grubeule is 1 1 362 2 3 187 1 1 217 4 5 268 
Haploscoloplos fragilis 1 2 230 1 2 418 
Harmothoe trimaculata 1 1 202 1 1 445 
Loimia viridis 1 1 359 6 82 71 7 83 180 
M clone filiformis 17 129 59 25 108 28 18 87 22 60 324 32 
Magdona phyllisae l 29 4331 21 54 5080 4 27 7258 11 110 16669 5 
Malacoceros vanderhorsti I 4 5 198 

I I 
2 2 152 

I 
6 7 217 

Marphysa eransensis 3 3 236 3 3 303 
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TABLE 61 . Frequency of observation, abundance, and rank for the 
macroinfauna Polychaeta by cruise . (Cont'd) 
Cruise I Cruise 11 Cruise III Total 

Taxa Obs' Ind2 RV Obs lnd Rk Obs Ind Rk Obs Ind Rlc 
Mediomastus californiensis 36 7015 2 30 418 19 31 461 4 97 7894 13 
Microspio pigmentata 2 4 254 1 1 261 3 4 119 6 9 210 
Myriowenia californiensis 4 55 183 3 33 139 3 82 107 10 170 134 
Myrioweniacf. M. 

calilomiensis 2 2 155 2 2 333 
Nereis falsa 1 2 310 1 12 214 2 14 318 
Notomastus hemipodus 2 2 275 1 3 1'IS 3 S 290 
Onuphis eremite oculata 2 3 139 2 3 339 
Onuphis nebulosa 10 23 112 14 33 55 6 15 75 30 71 70 
Paralac donia 4 22 118 4 22 230 
Parandalia ocularis 1 1 349 1 1 252 1 1 205 3 3 302 
Poecilochaetusjohnsoni 11 28 102 2 2 196 1 1 212 14 31 131 
Polyodontes 1upina 3 3 159 2 2 146 5 5 243 
Prionos iocristata 20 394 42 7 19 88 16 141 30 43 534 51 
Pseudeurythoeambigua 16 142 62 27 146 23 13 297 40 36 185 36 
Schistomeringos 1 2 183 1 2 416 
Schistomeringoscf. S. caeca 5 15 170 1 1 257 6 16 198 
Scolo losrubra 2 3 263 2 4 181 1 3 172 5 10 230 
Spiochaetopterus oculatus 9 32 120 1 1 262 3 5 115 13 38 139 
Synelmis albini 2 3 260 2 3 338 
Terebella rubra 1 1 360 1 1 465 
Thar x marioni 36 866 5 43 318 10 26 192 15 105 1376 9 
Timarete 9 61 119 10 62 53 19 123 102 
Nereidae B 1 2 321 1 2 413 
Aricidea 4 14 184 1 1 259 1 1 209 6 16 199 
Hoccardia 1 2 323 1 2 419 
Chaetozone 16 142 63 4 11 122 20 153 99 
Chone 6 68 152 3 5 148 1 1 213 10 74 155 
Cirratulus 1 1 263 1 1 457 
CI menella 4 4 204 5 7 112 2 2 154 11 13 152 
Cossura 1 1 264 1 1 458 
Eunoe 2 2 274 2 2 331 
Exogone 1 2 181 1 2 412 
Harmothoe 6 7 82 6 7 216 
Lepidasthenia 23 125 33 13 35 61 9 24 56 45 184 48 
Nereis 30 758 70 41 689 13 32 1148 3 103 2593 10 
Paleanotus 1 2 228 1 2 411 
Pol dora 10 368 104 2 2 193 12 370 141 
Sphaerodoropsis 1 253 I 1 l 449 
Schistomeringos rudolphii 2 3 262 1 1 256 2 S 134 S 9 231 
'Obs - denotes number of oburvationa . 
=Ind - denotes number of individuals. 
'Rt - denote rant . 

enough and were abundant enough to comprise 95% of 
the total, 44.2% of Cruise I, 46 .1 016 of Cruise II, and 
49.0% of Cruise III were Polychaeta . 

Paraprionospio pinnate was collected at all 
stations during Cruise I ; during Cruise II at all except 
two stations; and during Cruise III, at all except one sta-
tion (Table 62) . In general, average numbers of individ-
uals per core were much higher during Cruise I than 
during Cruises II or III . Average numbers for Cruises II 
and III were similar, but Cruise II values were slightly 
higher . Secondary values were similar to Cruise II va-
lues at the Primary Sites . During Cruise I, average num-
bers were higher at P1, P2, C22, and C24 than at P3, 
P4, C21, and C23 . 

Sigambra tentaculata was collected at all 
stations during Cruise I ; during Cruise II at all except 10 
stations ; and during Cruise III, at all except five stations 

(Table 63) . Average numbers of individuals at all sites 
were similar at each station over all three cruises . How-
ever, values at P1 and P2 tended to be higher than va-
lues at P3 and P4 during all three cruises . Secondary 
Site values were comparable to P3, Cruise I, values . The 
highest average was obtained at C21, Cruise III . 

Cossura delta was collected at all Cruise I 
stations except one ; at all Cruise II stations except sev-
enteen ; and at all Cruise III stations except nine (Table 
64) . Average numbers of individuals per core tended to 
be slightly higher during Cruise I than Cruises II and 
III ; C. delta was almost completely absent from P1 dur-
ing Cruise II and from P2 during Cruises II and III . Sec-
ondary Site values were similar to values found at the 
Primary Sites during Cruise II . 

Magelona phyllisae was found at all but 
seven stations during Cruise I; during Cruise II, at all 
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TABLE 62 . Average number of individuals of Paraprionospio pinnate (Polychaeta) by station and cruise . 

Average Number of Individuals/Grab 
Station Cruise I Cruise II Cruise III Avera e 

D 1 PE0500 172.3 133 2.7 62.8 
0 1 PE2000 130.2 7.7 3.2 47.0 
D1 PNO500 72.8 11 .2 .8 28.3 
D 1 PN2000 187.8 6 .5 4.8 66.4 
D1PS0500 184.2 4 .2 2.8 63.7 
D1PS2000 292.0 20.3 3 .8 105.4 
D1PW0500 136.3 22.2 .5 53 .0 
D1PW2000 67.5 13 .0 .7 27 .1 
02PE0500 74.3 33.5 18.0 41 .9 
02PE2000 147.7 4 .3 13 .5 55 .2 
02PN0500 91 .8 30.0 8 .5 43 .4 
02PN2000 88.5 28.5 4 .2 40.4 
02PS0500 136 .5 15 .2 22.7 58.1 
02PS2000 99.7 24.3 22.0 48.7 
02P WO500 193 .5 17 .0 10 .3 73.6 
02PW2000 81 .5 18 .5 5 .3 35.1 
03PE0500 39 .7 1 .0 2.2 14 .3 
03PE2000 51 .8 2.5 2 .2 18 .8 
03PN0500 21 .0 1 .5 2 .2 8 .2 
03PN2000 4.3 3 .8 1 .2 3 .1 
03 PS0500 24.7 3 .5 1 .5 9 .9 
03PS2000 84 .5 15 .5 2 .0 34.0 
03P WO500 16.7 1 .7 3 .2 7 .2 
03PW2000 8 .0 20.2 2 .7 10 .3 
04PE0500 17.8 9 .5 .5 9 .3 
04PE2000 28.3 12.7 .5 13 .8 
04PN0500 66.0 10.2 2 .7 26 .3 
04PN2000 36.0 6 .2 2 .8 15 .0 
04PS0500 31 .3 6 .7 .2 12.7 
04PS2000 27.8 22.2 1 .2 17 .1 
042PW0500 31 .0 7 .5 12 .8 
04PW2000 36.5 3 .8 .2 13 .5 
05SNO500 61 .0 
05SN2000 92.3 
06SN0500 1 .2 
06SN2000 " '1 
07SN0500 .8 
07SN2000 1 .7 
08SN0500 10 .0 
08SN2000 5.2 
09SN0500 1 .2 
09SN2000 1 .0 
l OSN0500 .2 
l OSN2000 2.5 
11 SNO500 
11 SM2000 .2 
12SN0500 .7 
12SN2000 1 .0 
13SN0500 .Z 
13SN2000 .Z 
14SN0500 6.0 
14SN2000 1.2 
15SN0500 2.0 
15SN2000 3.2 
16SN0500 2.5 
16SN2000 15.0 
17SN0500 
17SN2000 .3 
18SN0500 1 .2 
18SN2000 3 .0 
19SN0500 .3 
19SN2000 1 .8 
20SN0500 4.3 
20SN2000 4.5 
21C 54.0 13 .8 22.6 
22C 133.7 1 .0 1 .0 45 .2 
23C 19 .5 9 .8 1 .2 10.2 
24C 186.2 4 .7 6.2 65 .7 
Average 85.4 -- 9.4 I 4 .8 
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TABLE 63 . Average number of individuals of Sigsmbra tentaculata (Polychaeta) by station and cruise . 
Avera e Number o f Individuals/Grab 

Station Cruise I Cruise II Cruise III Avera e 
O 1 PE0500 .7 1 .3 1 .3 1 .1 
Ol PE2000 .8 .8 .2 .6 
O1 PNO500 .5 2 .5 .5 1 .2 
O1 PN2000 1 .0 .5 .7 .7 
O 1 PSO500 1 .5 1 .8 3 .2 2.2 
Ol PS2000 .7 2 .3 3 .2 2.1 
O1 PWO500 1 .0 1 .7 .8 1 .2 
O 1 P W 2000 .3 .7 .5 .5 
02PE0500 4.5 5 .2 3 .8 4.5 
02PE2000 4.8 .2 1 .8 2.3 
02PN0500 7.8 1 .8 1 .2 3 .6 
02PN2000 5.0 5.5 2 .2 4.2 
02PS0500 9.5 .8 4 .8 5 .0 
02PS2000 2.3 1 .5 7 .7 3 .8 
02PW0500 2.8 1 .2 5 .5 3 .2 
02P W 2000 6.5 4.0 3.7 4.7 
03PE0500 1 .2 .2 .5 
03PE2000 1 .3 .3 .5 
03PN0500 1 .8 3 .2 .8 
03PN2000 .2 .2 .2 .2 
03PS0500 .8 .3 .2 .4 
03PS2000 2.2 .7 1 .0 
03P WO500 .7 .3 .2 .4 
03 P W 2000 .5 1 .0 .5 .7 
04PE0500 .7 .3 .3 
04PE2000 1 .3 .2 .5 .7 
04PN0500 .7 .8 1 .0 .8 
04PN2000 .3 .2 1 .0 .5 
04PS0500 .8 .5 .2 .5 
04PS2000 .5 .2 
04PW0500 1 .2 1 .0 .7 
04PW2000 .3 .2 .2 
OSSNO500 3.7 
OSSN2000 1 .7 
06SN0500 
06SN2000 .5 
07SN0500 .3 
07SN2000 
08SN0500 
OSSN2000 .2 
09SN0500 .3 
09SN2000 
l OSN0500 7.0 
lOSN2000 2.7 
11 SNO500 4.2 
11 SN2000 2.0 
12SN0500 3.7 
12SN2000 5.7 
13SN0500 
13SN2000 
14SN0500 .2 
14SN2000 
15SN0500 2.0 
15SN2000 .7 
16SN0500 .3 
16SN2000 1 .2 
17SN0500 1 .0 
17SN2000 .5 
18SN0500 .7 
18SN2000 .3 
19SN0500 1 .5 
19SN2000 5.3 
20SN0500 2.2 
20SN2000 2.7 
21C 1 .5 .8 14.7 5 .7 
22C 9.8 .5 .5 3 .6 
23C 1 .2 3 .8 .8 
24C 2.5 2 .2 .2 1 .6 
Average 2.2 1 .4 1 .7 
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TABLE 64 . Average number of individuals of Cossura delta (Polychaeta) by station and cruise . 
Avera e Number of Individuals/Grab 

Station Cruise I Cruise II Cruise III Average 
O 1 PE0500 6.2 2 .3 2 .8 
0 1 PE2000 7.0 2 .3 3 .1 
O 1 PNO500 1 .8 .2 .2 .7 
O 1 PN2000 2.8 .2 1 .0 
O 1 PSO500 9.3 .5 3 .5 4 .4 
O 1 PS2000 7.3 2 .5 3 .3 
oIrw0500 7.0 .2 .2 2.5 
O1 PW2000 2.8 .3 1 .0 
02PE0500 .2 .1 
02PE2000 1 .2 .2 .5 
02PN0500 .3 .1 
02PN2000 .2 .1 
02PS0500 .2 .1 
02PS2000 .7 .3 3 
02P WO500 .5 .3 .3 
02P W 2000 .3 .1 
03PE0500 2.7 2 .2 .5 1 .8 
03PE2000 1 .2 .8 1 .3 1 .1 
03PN0500 2.5 .8 .3 1 .2 
03 PN2000 .2 .2 .1 
03PS0500 3.2 1 .5 .2 1 .6 
03PS2000 3.3 2 .0 .8 2 .0 
03 P WO500 2.2 .5 1 .0 1 .2 
03P W 2000 .5 1 .3 .6 
04PE0500 1 .8 1 .8 .3 1 .3 
04PE2000 2.2 1 .3 1 .2 1 .6 
04PN0500 6.8 1 .2 5 .8 4 .6 
04PN2000 .7 1 .5 2 .7 1 .6 
04PS0500 2.8 1 .8 1 .5 2.0 
04PS2000 3.2 2 .7 2.0 
04P WO500 3.3 1 .7 .5 1 .8 
04P W 2000 1 .7 .7 .3 .9 
OSSNO500 1 .8 
OSSN2000 .5 
06SN0500 .7 
06SN2000 1 .7 
07SN0500 1 .5 
07SN2000 .7 
08SN0500 .2 
OSSN2000 .5 
09SN0500 1 .0 
09SN2000 1 .2 
l OSN0500 .5 
l OSN2000 .7 
11 SNO500 .3 
11 SN2000 1.0 
12SN0500 
12SN2000 .3 
13SN0500 .5 
13SN2000 .5 
14SN0500 .7 
14SN2000 .2 
15SN0500 .8 
15SN2000 .7 
16SN0500 1 .8 
16SN2000 2.8 
17SN0500 2.0 
17SN2000 1.2 
18SN0500 1.2 
18SN2000 .7 
19SN0500 
19SN2000 
20SN0500 
20SN2000 1.8 
21C . S .2 
22C 5.7 1 .2 .5 2 .5 
23C 3.5 1 .2 1 .2 2 .0 
24C 2.8 .7 .7 1 .4 
Average 2.7 .8 .9 
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except 14 stations ; and during Cruise III, at all except 
nine stations (Table 65) . Average numbers of individu-
als per core tended to be similar during Cruises I and II, 
but higher during Cruise III at P2 . At P1 and P3, values 
were similar for all three cruises . At P4, M. phyllisae 
was virtually absent during Cruise I, occurred in very 
low numbers during Cruise II, and disappeared again 
during Cruise III . Values at SS were high and similar to 
values found at P2 during Cruise III . Other Secondary 
Site values were comparable to values at P1 during 
Cruise II . Values were high at C21 during Cruises I and 
III . Other Control Site values were low during all three 
cruises . 

Nephtys incisa was found at all but three 
stations during Cruise I ; at all but 21 stations during 
Cruise II ; and at all but nine stations during Cruise III 
(Table 66) . Average numbers of individuals per core 
tended to be low for the entire study, although values 
during Cruise I were higher than during Cruises II and 
III . Sites P2 and P3 either had no N. incisa or had low 
values over all three cruises . Values at Secondary Sites 
were similar to those at P 1 during Cruise II . Control 
Site values were similar to P1 and P4 values during 
Cruise I . 

Lumbrineris tennis was collected at all ex-
cept five stations during Cruise I ; during Cruise II, at all 
except 22 stations ; and during Cruise III, at all except 
eight stations (Table 67) . Average numbers of individu-
als per core were similar over all three cruises. Note that 
L . tennis was almost completely absent from P1 and 
had low averages at P2 during all three cruises . At P4, 
averages tended to decrease from Cruise I to III while 
values at P3 remained similar for all cruises . Secondary 
Site averages were generally lower than P3 or P4 values 
but higher than averages found at P 1 and P2 . Control 
Site values were slightly higher during Cruise I than dur-
ing Cruises II or III . Note the complete absence of L. 
tennis from C21 . 

Tharyx marioni was collected at all stations 
during Cruise I ; during Cruise II at all except 25 sta-
tions ; and during Cruise III at all except 10 stations 
(Table 68) . Average numbers of individuals were gener-
ally low over all three cruises, but the overall average for 
Cruise I was higher than the averages for Cruises II and 
III, which were similar . At P 1 and P2, T. marioni was 
all but absent during Cruise II and did not increase 
greatly during Cruise III . Values at P3 were the highest 
of any averages during bruise I, while averages during 
Cruises II and III were high as compared to values at P4 
during the same cruises . Values at Secondary and Con-
trol Sites were similar to averages at P1, P2, and P4 dur-
ing Cruise III . 

Nereis was collected at all but six stations 
during Cruise I ; at all but 27 stations during Cruise II ; 
and at all but four stations during Cruise III (Table 69) . 
Average numbers of individuals per core were highest 
during Cruise III, with Cruise II averages lower than 
Cruises I or III . Values at PI and P3 were similar for all 
three cruises . At P4 Nereis was virtually absent during 
Cruise I and then increased slightly from Cruises II to 
III . Secondary Site values were similar to averages at P1 
and P2 during Cruise II . Nereis was absent from all 
Control Sites during Cruise II, absent from C23 during 
Cruise III, and from C24 during all three cruises . 

Polychaeta comprised 67.7% of the total 
number of individuals during Cruise I, 68.4% in Cruise 

II, and 70.6% in Cruise III with an overall average of 
68 .9% (see Table 11) . Table 70 presents the percentage 
of the total number of individuals by station per cruise 
for the Polychaeta . Average values are plotted in Fig . 
16 . Essentially, the percentages of Polychaeta were the 
same for both Primary and Control Sites . The percent-
ages were very similar for each cruise except at P1, P2, 
C22, and C24. Percentages decreased at Pi, C22, and 
C24 and increased at P2 from Cruise I to Cruise II . The 
highest percentage of Polychaeta was at SS, followed 
closely by C24 (Cruise I) and S20 . At only 10% of the 
sites sampled for all three cruises was the percentage of 
total number of individuals 50% or less . Percentages at 
the Secondary Sites were similar to those at the Primary 
and Control Sites . 

Table 71 indicates a decrease in percentage 
of total number of individuals comprised of Polychaeta 
with an increase in depth . Note that for depth zone <30 
m, the percentage was relatively high during Cruise I, 
then decreased during Cruise II, and remained essenti-
ally the same during each of the cruises . 

During Cruise I, a low of 495 individuals 
per mz was found a2 P4 E500 and a high of 6,525 indi-
viduals per mz at P7. W500. During Cruise II, a low of 
23 individuals per mz was collected at S13 N500 and a 
high of 2,903 individuals per mz at SS N2000. For 
Cruise III, a low of 56 individuals per m2 was collected 
at P4 WS00 and a high of 3,836 individuals per mz at P2 
E500 . 

Average diversity and evenness values for 
macroinfauna Polychaeta taxa at the Primary and Con-
trol Sites were generally higher during Cruise III than 
during Cruises I or II (Table 72) . Two exceptions were 
P2 and C21 . Diversity values were highest at S17 and 
S18 which had very low percentages of sand . Sites P1, 
S5, and C21, which were most often influenced by the 
Mississippi, were characterized by low diversity values 
during all three cruises . Sites P2, S8, and S12, which 
might be influenced by Bayou Lafourche, had low to 
moderate diversities . The predominantly sandy S19 had 
a low diversity . There appeared to be no explanation for 
the lowest diversity value, found at C24, Cruise I . 

b . Cluster Analysis 
For macroinfauna cluster analysis, the taxa 

identified from each cruise were ranked first by fre-
quency of occurrence and second by frequency of abun-
dance within equally occurring taxa (Appendix F, Ta-
bles F4, F5, and F6) . From this ranked list, the top 95% 
of the total number of individuals (abundance) were 
chosen for use in cluster analysis (95% of macroinfauna 
by abundance were included in the first 154, 125, and 96 
taxa for Cruises I, 1 :I, and III, respectively, of the 576 
macroinfauna taxa collected) . Included in this list were 
several taxa at the level of order and above, e.g ., Bra-
chyura, Bivalvia, Gastropoda, etc . ; these were elimi-
nated because many different species were probably in-
cluded and subsequent interpretation could only be 
vague . After these higher level taxa were eliminated, the 
remaining species or taxa were submitted to cluster anal-
ysis by classification of taxa (inverse classification) . 
Taxa which did not cluster with other groups at greater 
than 50% similarity (50% dissimilarity) were eliminated 
and taxa classification cluster analysis was rerun . The 
resulting dendrograrn for Cruise 1 macroinfauna is pre-
sented in Fig . 17 . 
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TABLE 65 . Average number of individuals of Magelona phyllisae(Polychaeta) by station and cruise . 
Avera e Number of Individuals/Grab 

Station Cruise I Cruise II Cruise III Average 
01 PE0500 25.0 8 .5 113 14.9 
O1 PE2000 22.0 6.3 23 .5 17 .3 
O1 PNO500 44.2 27.7 15 .3 29 .1 
O1 PN2000 21 .7 11 .7 18.3 17 .2 
O1PS0500 18 .2 3 .0 14.0 11 .7 
Ol PS2000 10.5 3 .2 4 .7 6 .1 
O1 P WO500 15.8 5.5 3 .0 8.1 
Ol P W 2000 7 .3 2 .8 1 .5 3 .9 
02P E0500 128 .2 93 .5 268.7 163.5 
02PE2000 41 .5 9 .7 105.3 52.2 
02PN0500 45 .3 41 .8 118.7 68.6 
02PN2000 62.0 80.7 23.5 55.4 
02PS0500 25 .3 16 .3 215.7 85 .8 
02PS2000 14 .5 59.7 180.3 84.8 
02P WO500 112.2 39 .3 61 .5 71 .0 
02P W 2000 6 .5 8 .0 40.7 18 .4 
03PE0500 2.2 1 .3 1 .0 1 .5 
03PE2000 1 .0 .3 .7 .7 
03PN0500 3 .0 .2 .8 1 .3 
03PN2000 5 1 .8 .8 1 .0 
03PS0500 1 .0 1 .5 .2 .9 
03PS2000 .8 .7 .2 .6 
03 P WO500 3 .5 .3 
03PW2000 .3 .5 1 .5 .8 
04PE0500 .2 .3 .2 
04PE2000 .0 
04PN0500 .8 .3 
04PN2000 .3 .1 
04PS0500 .5 .2 
04PS2000 .8 .3 
04PW0500 .8 .3 
04P W 2000 .3 .1 
O5SNO500 139.2 
O5SN2000 140.3 
06SN0500 
06SN2000 
07SN0500 
07SN2000 
O8SN0500 .5 
08SN2000 1 .3 
09SN0500 .8 
09SN2000 
l OSN0500 3.3 
l OSN2000 1 .7 
11 SNO500 17 .0 
11 SN2000 11 .7 
12SN0500 6.5 
12SN2000 22.2 
13SN0500 
13SN2000 
14SN0500 
14SN2000 
15SN0500 
15SN2000 
16SN0500 1 .3 
16SN2000 2.0 
17SN0500 .7 
17SN2000 
18SN0500 1 .2 
18SN2000 1 .7 
19SN0500 1 .5 
19SN2000 1 .0 
20SN0500 27.2 
20SN2000 29.2 
21C 100.2 3.0 93 .3 65.5 
22C 9.0 4.7 2 .3 5 .3 
23C 3 .2 .2 
24C 2.8 .7 2 .3 1 .9 
Average 20.1 12 .5 1 33 .6 

76 



TABLE 66 . Average number of individuals of Nephtys incisa (Polychaeta) by station and cruise . 
Avera e Number of Individuals/Grab 

Station Cruise I Cruise II Cruise III Averatte 
)1 PE0500 5 .3 2 .3 .5 2 .7 
D 1 PE2000 5 .0 .7 .3 2.0 
D1 PNO500 1 .5 2 .2 .7 1 .5 
D1 PN2000 10 .0 3 .5 .5 4.7 
D 1 PSO500 6.7 1 .0 .5 2 .7 
D 1 PS2000 7.3 1 .2 .8 3 .1 
D1PW0500 5.0 1 .5 2 .2 
D1PW2000 5.2 1 .0 .5 2 .2 
02PE0500 .5 .3 .3 
02PE2000 1 .0 
02PN0500 1 .0 
02PN2000 .3 ~ 1 
02PS0500 .8 .2 .3 
02PS2000 ~0 
02P WO500 .8 1 .2 .7 
02P W 2000 .5 .2 
03PE0500 .5 .2 .2 
03PE2000 .3 .2 .2 
03PNO500 .2 .2 .1 
03PN2000 .2 .2 .2 .2 
03PS0500 .5 .2 
03PS2000 9.2 4 .7 1 .2 5.0 
03PW0500 .3 .2 .2 
03 P W 2000 .3 .7 .2 .4 
04PE0500 6.7 7 .5 1 .3 5 .2 
04PE2000 8.0 7.0 1 .2 5.4 
04PN0500 10.5 7 .7 1 .2 6.5 
04PN2000 7.5 5 .5 2.0 5.0 
04PS0500 6.8 6 .3 1 .3 4 .8 
04PS2000 6.0 8 .7 1 .5 5 .4 
04P WO500 6.2 5 .7 .3 4 .1 
04P W 2000 8.8 43 1 .0 4 .7 
OSSNO500 
OSSN2000 
06SN0500 .5 
06SN2000 .8 
07SN0500 .5 
07SN2000 .7 
OSSNO500 2.5 
08SN2000 2.3 
09SN0500 .3 
09SN2000 .5 
l OSN0500 
l OSN2000 
11 SNO500 
11 SN2000 
12SN0500 
12SN2000 .2 
13SN0500 .3 
13SN2000 .3 
14SN0500 2.8 
14SN2000 2.2 
15SN0500 1 .2 
15SN2000 1 .3 
16SN0500 4.7 
16SN2000 7.0 
17SN0500 1 .0 
17SN2000 3 .2 
18SN0500 2.7 
18SN2000 4.8 
19SN0500 
19SN2000 
20SN0500 
20SN2000 
21C .2 .1 
22C 3.7 1 .2 .5 1 .8 
23C 5Z 7.8 .8 4.6 
24C 19.8 2.3 6 .3- 9.5 
Average 4.2 1 .8 .7 
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TABLE 67 . Average number of individuals of Lumbrineris tenuis(Polychaeta) by station and cruise . 
Avera e Number of Individuals/Grab 

Station Cruise I Cruise II Cruise III Average 
O1 PE0500 .2 .1 
01 PE2000 .2 
O1 PNO500 .2 .2 .1 
O1 PN2000 .0 
O1PS0500 
O 1 PS2000 .2 1 
O1 PWO500 .3 .1 
01 P W 2000 ~0 
02PE0500 .7 .3 .3 .4 
02PE2000 .3 .2 .3 .3 
02PN0500 .7 .3 .3 
02PN2000 1 .0 .5 .2 .6 
02PS0500 .5 .7 .4 
02PS2000 .8 .2 .7 .6 
02P WO500 .5 .5 .8 .6 
02P W 2000 1 .2 .2 .5 
03PE0500 8 .2 63 5.5 6 .7 
03P W 2000 13 .0 5 .3 5 .2 7 .8 
03PN0500 7 .8 5 .3 5 .3 6 .1 
03PN2000 5 .0 3 .0 5 .5 4.5 
03PS0500 7.2 4 .3 4 .3 5 .3 
03PS2000 13 .7 2 .3 2 .2 6 .1 
03P WO500 7.2 3 .7 6 .3 5 .7 
03P W 2000 4.0 9 .2 6 .5 6 .6 
04PE0500 2.5 2 .5 1 .5 2 .2 
04PE2000 3 .2 1 .5 .7 1 .8 
04PN0500 7.8 3 .8 13 4.3 
04PN2000 6.5 5 .0 2 .8 4.8 
04PS0500 4.5 2 .8 .8 2 .7 
04PS2000 3 .7 1 .2 .7 1 .9 
04P WO500 5 .7 2 .5 .5 2 .9 
04P W 2000 4.0 .5 .2 1 .6 
OSSNO500 
OSSN2000 
06SN0500 
06SN2000 
07SN0500 .2 
07SN2000 .2 
08SN0500 .3 
08SN2000 
09SN0500 1 .2 
09SN2000 .5 
l OSN0500 
l OSN2000 .2 
11 SNO500 
11 SN2000 .7 
12SN0500 .7 
12SN2000 1 .7 
13SN0500 
13SN2000 
14SN0500 .8 
14SN2000 .7 
15SN0500 .5 
I SSN2000 .8 
16SN0500 2.3 
16SN2000 4.0 
17SN0500 .5 
17SN2000 .7 
18SN0500 1 .2 
18SN2000 1 .5 
19SN0500 
19SN2000 
20SN0500 1 .7 
20SN2000 2.7 
21C .0 
22C 1 .7 .3 .7 .9 
23C 8.5 6 .0 1 .0 5 .2 
24C 3.0 .7 .7 1 .5 
Average 3.4 1 .3 1 .5 

78 



TABLE 68 . Average number of individuals of Tharyx marioni (Polychaeta ;) by station and cruise. 
Avera e Number of Individuals/Grab 

Station Cruise I Cruise II Cruise III Avera e 
Ol PE0500 1 .7 .6 
O1 PE2000 2.0 .7 
O1 PNO500 2.7 .2 .3 1 .1 
Ol PN2000 1 .5 .2 1 .Ci .9 
O1 PSO500 .7 , i .5 
Ol PS2000 .5 .2 .3 .3 
Ol P WO500 1 .5 .5 
O1 PW 2000 .8 .3 
02PE0500 2.7 .2 1 .0 
02PE2000 2.7 .' 1 .1 
02PN0500 1 .7 .6 
02PN2000 5.3 .3 1 .9 
02PS0500 2.0 .5 .8 
02PS2000 .7 .2 1 .2 .7 
02PE0500 1 .3 .5 .6 
02P W 2000 2.0 .7 
03PE0500 23.5 5 .3 1 .3 10.0 
03PE2000 10 .3 2 .3 2 .8 5 .1 
03PN0500 4.5 2 .7 1 .8 3.0 
03PN2000 3.3 7 .2 5 .0 5.2 
03PS0500 29.3 4 .8 1 .5 11 .9 
03PS2000 5.5 1 .8 
03PW0500 7.7 1 .7 4 .3 4.6 
03PW2000 4.5 4 .3 4 .8 4 .5 
04P E0500 .3 .8 .2 .4 
04PE2000 2.2 .7 .2 1 .0 
04PN0500 8.2 1 .8 1 .8 3.9 
04PN2000 2.0 .7 1 .2 1 .3 
04PS0500 2.7 .5 .3 1 .2 
04PS2000 .8 1 .0 .2 .7 
04P WO500 3.2 .5 1 .2 
04P W 2000 1 .8 .6 
OSSNO500 .3 
OSSN2000 4.5 
06SN0500 .2 
06SN2000 
07SN0500 
07SN2000 
08SN0500 .3 
08SN2000 
09SN0500 .7 
09SN2000 .2 
I OSNO500 .3 
lOSN2000 .7 
11 SNO500 2.0 
11 SN2000 .3 
12SN0500 .3 
I 2SN2000 3 
13SN0500 .2 
13SN2000 
14SN0500 .8 
14SN2000 .2 
15SN0500 1 .5 
15SN2000 .7 
16SN0500 .5 
16SN2000 .7 
17SN0500 1 .5 
17SN2000 
18SN0500 
18SN2000 .2 
19SN0500 .2 
19SN2000 
20SN0500 .2 
20SN2000 
21C 1 .3 , 2 .5 
22C 2.0 .2 . S .9 
23C 1 .2 1 .2 .8 
24C .3 ..2 .2 
Average ~ 4 .0 .8 ..9 
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TABLE 69. Average number of individuals of Nereis (Polychaeta) by station and cruise . 
Average Number of Individuals/Grab 

Station Cruise I Cruise II Cruise III Average 
01 PE0500 .5 .3 .3 .4 
01 PE2000 .8 .2 .5 .5 
01 PNO500 7.5 .2 .3 2 .7 
O1 PN2000 .2 .8 .3 
01 PSO500 .5 .3 .7 .5 
O1 PS2000 .3 1 .0 1 .3 .9 
Ol PWO500 .2 .2 .1 
O1 PW2000 .2 .2 .3 .2 
02PE0500 11 .2 .3 16 .2 9.2 
02PE2000 6.8 .2 4 .8 3 .9 
02PN0500 7.7 16 .0 7 .9 
02PN2000 5.7 .8 6 .8 4 .4 
02PS0500 5.2 .3 10.5 5 .3 
02PS2000 3.8 1 .0 11 .7 5 .5 
02P WO500 4.2 .2 3 .5 2 .6 
02P W 2000 .8 3 .3 1 .4 
03PE0500 16 .2 18 .0 19 .8 18 .0 
03PE2000 8.5 10 .5 16 .8 11 .9 
03PN0500 9.2 5 .7 19.0 11 .3 
03PN2000 .7 3 .5 3 .0 2.4 
03PS0500 12 .2 19 .8 22.0 18.0 
03PS2000 3 1 .5 .8 .9 
03P WO500 10.0 6.0 16.7 10.9 
03PW2000 6.8 25.2 1 .8 11 .3 
04PE0500 .3 .2 .2 
04PE2000 .2 .5 .2 
04PN0500 3 .3 .2 
04PN2000 .5 .7 .4 
04PS0500 .3 .3 .2 .3 
04PS2000 .0 
04P W0500 .2 .2 .1 
04PW2000 .3 .1 
OSSNO500 .2 
OSSN2000 2.8 
06SN0500 
06SN2000 
07SN0500 
07SN2000 
08SN0500 .S 
08SN2000 .3 
09SN0500 .2 
09SN2000 .2 
l OSN0500 
l OSN2000 
11 SNO500 
11 SN2000 
12SN0500 
12SN2000 
13SN0500 
13SN2000 
14SN0500 8 
14SN2000 .2 
I SSNO500 
15SN2000 
16SN0500 2 
16SN2000 .5 
17SN0500 
17SN2000 
18SN0500 1 .2 
18SN2000 3 .7 
19SN0500 1 .3 
19SN2000 1 .7 
20SN0500 2.8 
20SN2000 1 .3 
21C 2.5 11 .2 4.6 
22C 3.5 .7 1 .4 
23C .2 .1 
24C .0 
Average 3 .5 1 .7 5.3 
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TABLE 70. Percent total number of individuals by cruise for 
macroinfauaa Polychaeta . 

Percent Total Number of Individuals/Cruise 
Site Cruise I Cruise II Cruise III Average 
POI 85.1 76 .9 60.2 74.1 
P02 63.5 71 .6 81 .1 72 .1 
P03 55.4 61 .5 50.8 55 .9 
P04 61 .7 56.5 64.8 61 .0 
SOS 96.3 96.3 
S06 62 .9 62; .9 
S07 68 .1 68.1 
SO8 81 .7 81 .7 
S09 44.3 44.3 
S10 49 .3 49.3 
S11 34.7 34.7 
S12 83.6 83.6 
S13 52 .6 52.6 
S14 66 .4 66.4 
S15 54.4 54.4 
S16 73.4 7 .4 
S17 67.6 67.6 
S18 55 .3 55.3 
S19 62.6 62.6 
S20 90.2 9() .2 
C21 58.5 87.8 81 .4 85 .9 
C22 73.6 39 .6 54.9 56.0 
C23 68.2 67.0 68.2 67.8 
C24 92.1 52.2 69.8 71. .4 
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FIG. 16 . Distribution map showing by site the percent of total macroinfauna comprised of Polychaeta 
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TABLE 71 . Distribution by depth zonation and cruise of Polychaeta as 
percent of total number of macroinfauna. 

Depth Percent Total Number of Individuals/Cruise 
Zone m ~ Cruise I Cruise II Cruise III Average 

30 to 90 61 .8 I I 
61 .5 

69 3 
61 .5 

I >91 -- 54.4 - 54.4 
Depth zone <30 m included sites P1, P2, S5, 58, S10, SI1, S12, 514, 518, S19, S20, C21, C22, 

and C24 . 
Depth zone 30 to 90 m included sites P3, P4, S6, S7, S9, S13, S16, S17, and C23 . 
Depth zone >91 m included only site 515 . 

TABLE 72 . Average diversity and evenness values for the macroinfaunal Polychaeta by site and cruise . 

Evenness 
Diversity Pielou Hei 

Site Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III 

POI 1 .47 1.55 2.07 0.428 0.597 0.690 0.116 0.310 0.400 
P02 2.34 1.09 1.44 0.595 0.457 0.454 0.191 0.206 0.157 
P03 2.57 2.66 2.60 0.672 0.770 0.753 0.286 0.440 0.423 
P00 2.25 2.22 2.63 0.659 0.723 0.889 0.290 0.410 0.706 

S05 1 .08 0.414 0.156 
S06 1 .82 0.905 0.800 
$07 2.11 0.833 0.633 
S08 1 .83 0.712 0.440 
g09 2,40 0.896 0.740 
S10 1 .76 0.719 0.461 
S11 1 .54 0.564 0.259 
S12 1 .80 0.645 0.347 
S13 1 .70 0.907 0.811 
S14 2.28 0.746 0.434 
S15 2.65 0.863 0.641 
S16 2.42 0.799 0.514 
S17 2.84 0.884 0.677 
S18 2.82 0.863 0.625 
S19 1.33 0.436 0.142 
S20 1 .58 0.545 0.224 

C21 1 .54 1.08 1 .36 0.436 0.777 0.479 0.110 0.645 0.181 
C22 1 .80 2.19 2.57 0.494 0.774 0.890 0.136 0.497 0.711 
C23 2.48 2.19 2.73 0.716 0.745 0.910 0.353 0.443 0.752 
C24 0.89 232 2.22 0.320 0.819 0.755 0.095 0.575 0.457 
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Six Taxa Groups of 90 taxa were delimited and are indi-
cated . Taxa Group 1 consisted of 16 different taxa ; 1 ne-
matode, 11 polychaetes, 1 gastropod, and 3 bivalves . 
Taxa Group 2 was comprised of 29 taxa and was subdi-
vided into two subgroups . Members of Taxa Group 2 
consisted of 15 polychaetes, 4 bivalves, 3 anthozoa, and 
one each of Nematoda, Isopoda, Amphipoda, Cuma-
cea, Sipunculida, Phoronida, and Hemichordata . Taxa 
Group 3 was formed by 12 taxa ; 5 polychaetes, 2 bi-
valves, 2 anthozoans, 2 gastropods, and 1 nematode . 
Taxa Group 4 consisted of 21 different taxa ; 9 poly-
chaetes, 2 bivalves, 2 amphipods, 2 cumaceans, 2 for-
ams, 1 sipunculid, 1 harpacticoid, 1 asteroid, and 1 ne-
matode . Taxa Group 5 was composed of 9 taxa ; 5 poly-
chaetes, 3 gastropods, and 1 cumacean . The last group, 
Taxa Group 6, consisted of 1 polychaete and 2 amphi-
pods . 

Using the reduced set of taxa, cluster analy-
sis by classification of stations (normal classification) 
was run . The resulting dendrogram for Cruise I mac-
roinfauna is presented in Fig . 18 . Four Station Groups 
were delimited and are indicated . Station Group 1 was 
composed of P1, C22, and C24, and had sediments of 
sandy silt with some clay (see Table 56) . Station Group 2 
was formed by one P3 station, P4, and C23, which had 
basically silt sediments with some clay and sand . Station 
Group 3 consisted of P2 and C21, which had sediments 
of sandy clayey silt . Station Group 4 contained the 

remaining seven stations of P3, which consisted of silty 
sand sediments with some clay . 

A two-way coincidence table of Taxa and 
Station Groups of Cruise I macroinfauna is presented in 
Table 73 . Taxa Group 1, which contained several op-
portunistic and ubiquitous species, was found at all Sta-
tion Groups . However, the best conditions for Taxa 
Group i were apparently provided by Station Group 3 . 
Station Group 3 also provided the best environment for 
Taxa Groups 2 and 3 . Station Group 4 was most condu-
cive to Taxa Group 4 and Station Group 2 provided the 
best environment for Taxa Group 5 . Station Group 
preference by Taxa Group 6 appeared to be weak, which 
may indicate that the Taxa Group was not ecologically 
sound because of small sample size . 

Figure 19 presents the dendrogram for taxa 
classification cluster analysis for Cruise II macro-
infauna . A total of 53 taxa were included in six 
Taxa Groups which are indicated in this figure . Taxa 
Group 1 was divided into two subgroups . Taxa 
Subgroup IA consisted of taxa from Cruise I Taxa 
Groups 1 and 2A . Taxa Subgroup 1B was composed 
of seven members from Cruise I Taxa Group 1 and 
four from Cruise I '1Caxa Group 5 . Taxa Group 2 was 
divided into three subgroups . Some members of 
Taxa Group 2 had been included in Cruise I Taxa 
Groups 1, 2A, and 4 . Five taxa, not previously included 
in the Cruise I clustering, included two polychaetes, 
one bivalve, one ec :toproct, one decapod, and one 
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FIG . 17 . Dendrogram of Cruise I macroinfauna cluster analysis classified by taxa 
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TABLE 73 . Cruise I macroinfauna: two-way coincidence table of stations versus taxa used in cluster analysis . 
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TABLE 73 . Cruise I macroinfauna : two-way coincidence table of stations versus taxa used in cluster analysis . (Cont'd) 
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FIG. 19. Dendrogram of Cruise II macroinfauna cluster analysis classified by taxa 

amphipod . Taxa Group 3 was composed of one taxon 
from Cruise I Taxa Group 1 and three new members; 
one gastropod, one bivalve, and two decapods . Taxa 
Group 4 consisted of members of Cruise I Taxa Groups 
2A, 2B, 3, and 4, plus four new members ; one brachio-
pod, two polychaetes, and one gastropod . Taxa Group 
S was comprised of one taxon from Cruise I Taxa 
Group 2A plus three taxa not included in Cruise I clus-
tering, two gastropods and one decapod . Taxa Group 6 
consisted of all new members ; two polychaetes, one iso-
pod, and one ophiuroid . 

Figure 20 presents the dendrogram of the 
cluster analysis by classification of stations (normal 
classification) for Cruise II macroinfauna . Five Station 
Groups were delimited and are indicated . Station Group 
1 was composed of stations from P1, P2, S5, S10, 511, 
S12, C21, C22, and C24, which were all characterized 
by similar sand-clay-silt combinations (see Table 56) . 
During Cruise I, P1 had been grouped with C22 and 
C24 (Cruise I Station Group 1) while P2 and C21 com-
prised a separate group (Cruise I Station Group 3) . Sta-
tion Group 2 was formed by S19 only, which was over 
95% sand . Station Group 3 consisted of seven P3 sta-
tions which had sediments of silty sand with some clay . 
During Cruise I these same stations had been grouped 
together as Station Group 4 . Station Group 4 consisted 
of one station each of P3 and S9 and all stations of P4, 
S8, 514, S15, S16, 517, and C23, which had sediments 

basically of silt with some clay or sand . During Cruise I, 
P4 had been grouped with C23 (Cruise I Station Group 
3) . Station Group 5 consisted of one station of S9 and 
all stations of S6, S7, and S13, which had clayey silt sed-
iments . 

Table 74 presents a two-way coincidence 
table of the Taxa and Station Groups for Cruise II mac-
roinfauna . Taxa Group IA, which included many 
widely distributed taxa, was found at all Station 
Groups, but was favored by Station Group 1 . Taxa 
Group 2 encountered the best environment at Station 
Group 3 while Taxa Group 3 appeared to be favored by 
Station Group 4 . Relationships between Taxa Groups 4, 
5, and 6 and the various station groups appeared to be 
weak . However, on the basis of available data, Station 
Groups 3, 2, and 4 seemed to provide the best habitat 
for Taxa Groups 4, 5, and 6, respectively . 

Figure 21 presents the dendrogram for taxa 
classification cluster analysis for Cruise III macroin-
fauna . Six Taxa Groups of 53 taxa were delimited and 
are indicated in this figure . Taxa Group 1 was subdi-
vided into two subgroups . Members of Taxa Group 1 
had been included in Cruise I Taxa Groups 1, 2A, 2B, 
and 4 and Cruise II Taxa Groups IA, 2, and 3 . Taxa 
Group 2 consisted of members from Cruise I Taxa 
Groups 1, 2B, and 4 and Cruise II Taxa Group 5 . The 
gastropod Anadara ovalis had not been included in the 
previous clustering for Cruises I and II . Taxa Group 3 
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FIG. 20 . Dendrogram of Cruise II macroinfauna cluster analysis classified by station 

TABLE 74 . Cruise II macroinfauna: two-way coincidence table of stations versus taxa used in cluster analysis . 
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FIG. 21 . Dendrogram of Cruise III macroinfauna cluster analysis classified by taxa 

was formed by members of Cruise I Taxa Group 2 and 
two taxa not previously used in clustering ; the decapod 
Pagurus bonairensis and the polychaete Loimia viridis. 
Taxa Group 4 was composed of taxa from Cruise I Taxa 
Groups 1 and 5 and Cruise II Taxa Groups l A, 1B, and 
2 . The decapod Automate evermanni and the ophiuroid 
Amphioplus coniortodes had not been used in clustering 
during Cruises I and II . Taxa Group 5 consisted of 
members from Cruise I Taxa Groups 1, 2A, and 4, 
Cruise II Taxa Groups 1B, 2, and 4, and two taxa that 
had not been used in previous clustering ; the poly-
chaetes Ceratocephalecf . C. loveniand Timarete. Taxa 
Group 6 was contributed to by one member from Cruise 
I Taxa Group 6 and two taxa new to clustering ; the 
polychaete Onuphis ne6ulosa and the amphipod Ampe-
lisca . 

Figure 22 presents the dendrogram of 
Cruise III macroinfauna Station Groups . Four Station 
Groups were delimited and are indicated . Cruise III Sta-
tion Groups consisted of the same station and site com-
binations as were encountered during Cruises I and II . 
P1 grouped with C22 and C24 as Station Group 1 . Sta-
tion Group 2 consisted of P2 plus C21 and Station 
Group 3 consisted entirely of seven P3 stations . Station 
Group 4 was composed of one P3 station, P4, and C23. 

Table 75 presents a two-way coincidence 
table of the Taxa and Station Groups of Cruise III 

macroinfauna . Because of the ubiquity of most of the 
taxa, Taxa Subgroup lA was found in some numbers at 
all Station Groups ; however, Station Group 2 appeared 
to provide the best environment . Taxa Subgroup 1 B was 
also favored by Station Group 2. Station Group 2 was 
also conducive to Taxa Groups 2 and 3, while Station 
Group 4 favored Taxa Group 4 . Taxa Group S seemed 
to have the best habitat at Station Group 3 . Station 
group preference by Taxa Group 6 appeared to be weak, 
which may indicate that the taxa group might be erro-
neous because of insufficient data . 

Many of the macroinfauna taxa remained 
clustered together over more than one cruise and also 
consistently demonstrated a preference for the habitat 
characterized by certain sites . This is summarized in 
Table 76 . Members of Cruise I Taxa Group 1 and 2A, 
Cruise II Taxa Group IA, and Cruise III Taxa Group 
lA were essentially the same and appeared to prefer the 
environment at P1, P2, C21, C22, and C24 . Cruise I 
Taxa Group 2B and Cruise II Taxa Group 3 generally 
contained the same taxa and were usually found to-
gether at P2 and C21 . Cruise I Taxa Group 4, Cruise II 
Taxa Group 2, and Cruise III Taxa Group S contained 
similar taxa and preferred most stations at P3 except P3 
52000 . Cruise I Taxa Group 5, Cruise II Taxa Group 
I B, and Cruise III Taxa Group 4 all shared common 
members and generally were collected in greatest num-
bers at P3 S2000, 1'4, and C23 . There appeared to be 
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TABLE 75 . Cruise III macroinfauna : two-way coincidence table of stations versus taxa used in cluster analysis . 
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TABLE 76 . Relationship between macroinfauna Taxa Groups 
and site preference 

Taxa Group Associations Site Preference 
1 . Cruise 1 Taxa Groups 1, 2A P1, P2 

Cruise II Taxa Group lA C21, C22, C24 
Cruise III Taxa Group lA 

2. Cruise I Taxa Group 2B P2, C21 
Cruise III Taxa Group 3 

3 . Cruise I Taxa Group 4 P3 (except P3 52000) 
Cruise II Taxa Group 2 
Cruise III Taxa Group 5 

4 . Cruise I Taxa Group 5 P3 S2000 
Cruise II Taxa Group 1 B P4 
Cruise III Taxa Group 4 C23 

little association among the other Taxa Groups and sites 
not listed in Table 76 . 

Figure 23 presents the macroinfauna simila-
rity between sites for Cruises I, II, and III . As men-
tioned above, the combination of Primary Stations and 
Control Sites was consistent during all three cruises . 
Station similarity closely corresponded to sediment pat-
terns and depth zonation as indicated by Defenbaugh 
(1976) . 

6. Macroepifauna and Demersal Fish 

a . Decapoda 
A total of 57 different taxa of Decapoda were 

identified in the macroepifauna ; 28 during Cruise I, 48 

during Cruise II, and 28 in Cruise III (see Table 14) . 
Table 77 presents the frequency of observation, abun-
dance, and rank for the macroepifauna Decapoda col-
lected in this project . Only Penaeus aztecus was consis-
tently among the top 15 macroepifauna and demersal 
fish taxa common to each cruise . Of the taxa selected 
for cluster analysis, i .e ., those taxa which occurred fre-
quently enough and were abundant enough to comprise 
95% of the total, 31.3% of Cruise I, 24 .0% of Cruise II, 
and 23.5% of Cruise III were Decapoda . 

Penaeus aztecus was collected at all but five 
sites during Cruise I ; during Cruise II at all but 10 sites ; 
and during Cruise III, at all but three sites (Table 78) . 
Average numbers of individuals per trawl were highest 
at P2, Cruise I, and second highest at P3, Cruise III . 
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TABLE 77 . Frequency of observation, abundance, and rank for 
the macrcepifauna Decapoda by cruise . 

Cruise 1 Cruise II Cruise III Total 
Taxa Obs' Ind2 RV Obs Ind Rk Obs Ind Rk Obs Ind Rk 

Penaeusaztecus 3 273 11 14 176 2 5 136 11 22 585 2 
Penaeus duorarum 1 2 73 I 2 192 
Penaeussetiferus 2 40 28 2 179 87 5 15 16 9 234 33 
Trach enaeus 3 19 17 1 1 % 4 20 83 
Trachypenaeus constrictus I 2 70 1 2 193 
Trachypenaeus similis 4 912 5 8 439 19 5 128 12 17 1479 9 
Sicyonia brevirostris 2 8 39 3 9 74 3 19 29 8 36 48 
Sicyonia dorsalis 2 15 30 6 275 32 3 3 34 11 293 25 
Parapenaeus longirostris 4 17 59 4 17 86 
Solenocera vioscai 2 13 94 2 13 121 
Solenocera atlantidis 1 S 62 ( S 175 
Xiphopeneus kroyeri 1 1 191 l 1 241 
Acetes amencanus carolinae 1 2 74 4 15 60 5 17 73 
Lcptochela bermudensis 1 1 192 ( l 242 
Alpheus floridanus 4 45 9 6 68 34 1 3 66 1 116 27 
Al hens amblyonyx 1 I 193 1 ! 243 
L.atreutes parvulus 1 1 97 1 1 244 
Procesa bermudensis 1 4 61 1 3 139 2 7 127 
Processa hemphilli 1 2 148 l 2 194 
Steno us scutellatus 2 2 119 2 2 155 
Paguristes oxyophthalmus l 1 194 1 1 245 
Pagurus(decapoda) I 1 98 1 1 246 
Pagurus pollicaris 4 22 10 3 4 82 4 23 23 11 49 29 
P urus brevidactylus 1 2 149 1 2 195 
Pagurus bullisi 1 2 150 1 2 196 
Cli6anarius vittatus 1 1 195 1 1 247 
Petrochirus diogenes 1 1 94 2 3 108 1 1 99 4 S 92 
Porcellana si sbeiana 1 2 75 3 4 83 1 3 67 S 9 77 
Porcellana sayana 1 2 76 1 1 1% 1 2 71 3 5 106 
Albunea paretii 1 1 197 1 1 248 
Dromia erythropus 1 1 198 1 . 1 249 
Ethusa micro hthalma l 1 199 1 1 250 
Calappa flammea 1 1 100 I 1 251 
Calappa sulcata 1 4 62 6 8 40 3 7 33 10 19 32 
Hepatusepheliticus 2 9 36 4 6 64 2 2 48 8 17 51 
Acanthocarpus alexandri 1 3 140 1 3 182 
Persephona crinita 1 11 52 4 9 62 1 6 61 6 26 62 
Myropsis quinquespinosa 2 4 105 2 4 133 
Raninoides louisianensis 1 2 77 6 48 36 7 SO 56 
Majidae 2 3 109 2 3 138 
Li6inia emarginata 1 1 95 2 4 106 3 3 35 6 8 70 
Podochda lamelligera 2 2 120 2 2 156 
Anasimusiatus 1 12 51 3 44 68 4 36 81 
Coelocerus s inosus 1 2 78 2 3 110 3 S 107 
Stenorhynchus seticornis 1 2 151 1 2 197 
Leiolambrus nitidus 5 71 1 10 175 9 2 3 42 17 249 10 
Callinectessapidus 1 16 49 8 153 70 9 169 34 
Callinectes similis 5 41 3 9 243 16 5 47 13 19 331 6 
Ovalipesguadulpensis 3 4 22 1 1 200 1 1 101 5 6 78 
Portunus gib6esii 2 69 27 10 90 11 7 141 3 19 300 7 
ortunusspinicarpus 2 129 25 6 1008 31 8 1137 43 

Portunus spinimanus 1 3 68 1 3 183 
Hexapanopeus paulensis l 2 72 1 2 198 
Menippe mercenaria 1 1 201 1 1 102 2 2 157 
Pi7umnus 1 1 202 1 1 252 
Speocarcinuslobatus 3 27 14 5 19 47 1 1 103 9 47 37 
Pseudorhombila quadriden 
fate 1 9 129 1 9 172 
QOM - denotes number of observations. 
=Ind - denotes number of individuals . 
tRk - denotes rank. 
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TABLE 78 . Number of individuals of Penaeus aztecus 
(Decapoda) by station and cruise . 

Number of Individuals/Trawl 
Station Cruise I Cruise II Cruise III Average 

O1 PNO500 
02PN0500 269.0 1 .0 90.0 
03PN0500 2.0 4 .0 104.0 36.7 
04PN0500 4.0 6 .0 3 .3 
OSSNO500 2.0 
06SN0500 67.0 
07SN0500 7.0 
08SN0500 4.0 
09SN0500 8.0 
l OSN0500 
11 SNO500 
12SN0500 
13SN0500 39.0 
14SN0500 12.0 
1 SSNO500 3.0 
16SN0500 14.0 
17SN0500 7.0 
18SN0500 
19SN0500 
20SN0500 
21C 1 .0 1 .0 .7 
22C ~0 
23C 2.0 4.0 24.0 10.0 
24C ~0 
Average 34.1 7 .3 17 .0 

Comparably large numbers were collected at S6, 513, 
and C23, Cruise III . The overall average number of in-
dividuals tended to be higher during Cruise I, dropped 
very low during Cruise II, and then rose to a mid-level 
during Cruise III . 

Penaeus setiferus was collected at only two 
sites during Cruise I ; at two sites during Cruise II ; and 
at five sites during Cruise III (Table 79) . Based on the 
overall average per cruise, the number of individuals 
peaked during Cruise II . 

Decapoda comprised 48.6% of the total 
number of individuals during Cruise I, 17.5% in Cruise 
II, and 10.7% in Cruise III with an overall average of 
25.6% (see Table 15) . Table 80 presents the percentage 
of the total number of individuals by station per cruise 
for the Decapoda . Percentages at the Primary and Con-
trol Sites were generally higher during Cruise I than dur-
ing Cruises II and III . This trend was especially marked 
at P2, P3, and C23 . Percentages were similar for all 
three cruises at P1 and P4, but similar only for Cruises I 
and III at C21 and C24. The low percentages at C22, 
Cruise I and at P2, P3, C21 and C23, Cruise II may be a 
result of the low D.O . values (see Table 142) . The low 
percentage at P4 may not be due to a low D.O . value, 
since the percentage during the other cruises was also 
low . Note that at C21 the percentages during Cruises I 
and III were much higher than during Cruise II, and a 
low D.O . had been measured at C21 during Cruise I . 
Percentages greater than 50% had been calculated at S7, 
S9, and S16 . 

Examination of the percentage of Deca-
poda compared to the total number of individuals by 
depth zone indicated a slight increase with depth during 
Cruises I and II ; total cruise averages also increased 

with depth (Table 81) . During Cruise III, the percentage 
of Decapoda in the 30 to 90 m zone was much reduced . 
There did appear to be some changes over cruises, thus 
implying some seasonal effect . 

Average diversity and evenness values for 
macroepifauna Decapoda at the Primary and Control 
Sites consistently increased from Cruise I to Cruise III 
except at P1, P3, and P4 (Table 82) . The variation in di-
versity at P1 and P4 was probably due to decreases in 
number of taxa ; at P3 the changes in diversity appeared 
to be due to changes in evenness . Low diversities at S5, 
S9, 510, 514, and S19 did not appear to be related to the 
low D.O . values (see Table 142) . 

b. Osteichthyes 
A total of 91 different taxa representing 38 

different families of Osteichthyes were identified in the 
demersal fish ; 41 during Cruise I, 74 during Cruise II, 
and 49 in Cruise III (see Table 14) . Table 83 presents the 
frequency of observation, abundance, and rank for the 
demersal fish collected in this project . Only Prionotus 
rubio and Halieutichthys aculeatus were consistently 
among the top 15 macroepifauna and demersal fish taxa 
common to each cruise. Of the taxa selected for cluster 
analysis, i .e., those taxa which occurred frequently 
enough and were abundant enough to comprise 95% of 
the total, 43 .8% of Cruise I, 37 .2% of Cruise II, and 
58 .8% of Cruise III were Osteichthyes . 

Prionotus ru6io occurred at all but three sites 
during Cruise I ; during Cruise II at all but eight sites; 
and during Cruise III at all but four sites (Table 84) . Av-
erage numbers of individuals per trawl were generally 
higher during Cruise II than Cruises I or III, except at 
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TABLE 79. Number of individuals of Penaeus setiferus 
(Decapoda) by station and cruise. 

Number of Individuals/Trawl 
Statio n Cruise I Cruise II Cruise III Average 

O1 PNO500 2.0 0.7 
02PN0500 34.0 2.0 12.0 
03PN0500 0.0 
04PN0500 0.0 
O5SNO500 175 .0 
06SN0500 
07SN0500 
O8SN0500 
09SN0500 
l OSN0500 
11 SNO500 
12SN0500 
13SN0500 
14SN0500 
I SSNO500 
16PN0500 
17SN0500 
18SN0500 
19SN0500 
20SN0500 
21C 4.0 2.0 2.0 
22C 6.0 2.0 
23(: 4.0 1 .3 
24C 5 .0 1 .7 
Average I 5 .0 7 .5 1 .9 

TABLE 80. Percent total number of individuals by cruise for 
macrcepifauna and demersal fish Decapoda . 

Percent Total Number of Individuals/C ruise 
Site Cruise I Cruise II Cruise III Average 
POI 20.7 20.5 30.5 23 .9 
P02 82.2 2 .5 20.4 35 .0 
P03 70.4 0.3 13 .7 28 .1 
P04 2.0 3 .6 4.4 3 .3 
SOS 38.3 38 .3 
S06 36.0 36.0 
S07 56.3 56 .3 
S08 15 .2 15.2 
S09 67.4 67.4 
S 10 9.8 9.8 
S 11 6 .7 6.7 
S12 --I -- 
S13 32.5 32.5 
S14 7 .5 7 .5 
S15 34.5 34 .5 
S16 53 .0 53.0 
S17 10.6 10.6 
S18 9.8 9.8 
S19 30.7 30.7 
S20 16.7 16.7 
C21 35.9 3.0 31 .2 23.4 
C22 9.8 -- 3.1 4.3 
C23 61 .5 9.0 2 .6 24.4 
C24 36.3 0.8 34.7 23.9 

I (--) indicates that the taxa did not occur at that station . 
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TABLE 81 . Distribution by depth zonation and cruise of macrcepifauna 
Decapoda as percent of total number of macroepifauna . 

Depth Percent Total Number of Individuals/Cruise 
Zone m ' Cruise I Cruise II Cruise Average 

30 to 90 ~~6 ( 29 .9 27 .1 
I 649 I >91 -- 34.5 34.5 

Depth zone <30m included sites P1 . P2, S5, S8, 510, Sl l, 512, S14, S18, 519, S7A, C21, C22, 
and C24. 
Depth zone 30 to 90 m included sites P3, P4, S6, S7, S9, S13, S16, 517, and C23 . 
Depth zone >91 m included only site 515 . 

TABLE 82 . Average diversity and evenness values for the macroinfauna Decapoda taxa by site and cruise 

Evenness 
Diversity Pielou Hci 

Site Cruise I Cruise II Cruise III Cruise I Cruise lI Cruise III Cruise I Cruise II Cruise III 
P01 2.19 1 .00 1 .49 0.880 0.913 0.763 0.718 0.863 0.569 
P02 1.09 1 .10 1 .36 1.514 1 .000 0.845 0.282 1 .000 0.723 
P03 0.68 1 .65 1 .43 0328 0.920 0.596 0.140 0.840 0.318 
P04 1.17 1.35 1 .24 0.843 0.977 0.769 0.739 0.958 0.612 
S05 0.21 0.132 0.059 
S06 1.79 0.646 0.333 
S07 1.07 0.404 0.146 
S08 1 .01 0.729 0.582 
S09 0.71 0.277 0.086 
S 10 0.69 1 .000 1 .000 
Si l --~ -- -- 
S12 
S13 1.68 0.606 0.291 
S14 0.78 0.434 0.235 
S15 1.21 0.445 0.167 
S16 1.23 0.480 0.202 
S17 1.53 0.784 0.600 
Sl8 1.24 0.595 0.349 
S19 0.55 0.501 0.367 
S20 1.33 0.959 0.927 
C21 0.30 1.15 1.58 0.426 0.832 0.814 0.344 0.723 0.645 
C22 0.81 0.94 0.737 0.678 0.623 0.520 
C23 0.92 1.59 1.79 0.326 0.663 0.778 0.095 0.390 0.555 
C24 1 .11 -- 1.42 0.693 0.539 0.512 -- 0.242 

'Insufficient numbers of individuals per taxa to calculate diversity or evenness . 
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TABLE 83. Frequency of observation, abundance, and rank for the demersal fish 
Osteichthyes by cruise . 

Cruise I Cruise li Cruise III Total 

Taxa Obs' Indz RV Obs Ind Rk Obs Ind Rk Obs Ind Rk 

Raja teaana 1 1 205 1 1 257 
Hoplunnis macrurus 1 1 99 I 2 152 2 3 140 
Congrina flava 1 1 206 1 1 258 
Paraconger caudilimbatus 1 1 207 1 1 259 
Dysommidae 1 1 104 1 1 260 
Clupeidae 2 3 43 2 3 141 
Brevoortia parronus 1 2 79 1 2 199 
Dorosoma petenense 1 1 100 1 I 208 2 2 158 
Etrumeus teres 1 90 124 1 90 164 
Sardinellaanchovia 1 3 141 1 3 184 
Anchoa hepsetus 3 24 16 3 130 65 6 154 59 
Anchoa mitchilli 3 29 13 3 95 66 6 124 60 
Anchoa nasuta 1 7 56 3 8 76 4 15 88 
Anchoviella perfasciata 2 4 43 2 24 90 4 28 82 
Synodus foetens l 1 101 7 51 27 2 15 37 10 67 31 
Synodus pceyi 1 3 142 1 3 185 
Saurida 6rasiliensis 1 3 68 11 117 4 1 1 105 13 121 20 
Bagre marinas 1 34 125 1 34 165 
Arias fells 2 10 35 7 157 23 5 168 10 14 335 15 
Porichthys porosissimus 2 8 40 5 26 45 1 1 106 8 35 49 
Antennarius radiosus 2 11 33 6 64 35 8 75 45 
Ogcocephalus 1 2 74 1 2 200 
Ogcocephalus radiatus 2 10 97 2 10 125 
Halieutichthys aculeatus 3 26 15 1l 181 3 7 318 2 21 523 4 
Bregmaceros atlanticus 1 2 SO 1 2 153 2 4 134 
Urophycis cirratus 1 4 64 3 16 70 4 20 84 
Urophycis floridanus 1 1 209 1 1 107 2 2 139 
Brotula barbata 3 9 75 3 9 99 
Lepophidium graellsi 1 4 65 1 1 210 1 2 75 3 7 103 
Scorpaena calcarata l 1 211 2 9 39 3 10 98 
Prionotus tribulus 2 3 44 2 3 142 
Prionotusophryas 1 2 154 1 2 201 
Prionotus paralatus 2 17 92 2 17 119 
Prionotusru6io 5 16 4 16 373 1 4 101 19 23 490 1 
Prionotus stearnsi 1 2 81 5 51 42 1 1 108 7 54 55 
Ccntropristis philadelphicus 3 3 23 8 59 22 2 16 36 13 78 21 
Diplectrum formosum 1 1 109 I 1 261 
Diplectrum 6ivittatum 1 1 102 8 109 21 3 24 27 12 134 23 
Serranus atrobranchus l 9 SS 7 46 28 8 SS 46 
Serranus phoebe I l 103 1 1 262 
Priacanthusarenatus 2 3 112 2 3 143 
Rachycentron canadum 1 1 110 1 1 263 
Trachuruslathami 2 92 26 4 22 57 1 1 111 7 115 54 
Caranx fusus 1 2 155 1 2 202 
Chloroscombrus chrysurus 7 107 25 1 1 112 8 108 44 
Voma setapinnis 1 7 130 l 7 174 
Decapterus punctatus 2 16 93 2 16 120 
Lutjanus campechanus 2 2 121 3 11 32 S 13 75 
LuUanussynagris 2 3 44 2 3 144 
Rhomboplites aurorubens 1 3 143 1 3 186 
Pristipomoides aquilonaris 6 16 38 6 16 65 
Eucinostomusgula 2 9 40 2 9 126 
Haemulon aurolineatum 1 1 113 ! 1 264 
Stenotomuscaprinus 3 47 12 9 391 15 3 59 26 15 697 12 
Lagodon rhomboides 3 3 86 3 3 111 
Cynoscion nothus 5 11 50 4 26 22 9 37 40 
Cynoscion arenarius 2 2 46 4 37 53 3 24 28 9 63 36 
Bairdiella chrysura 1 1 114 t 1 265 
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TABLE 83 . Frequency of observation, abundance, and rank for the demersal fish 
Osteichthyes by cruise (Cont'd) . 

Cruise 1 Cruise II Cruise 111 Total 
Taxa Obs' Indz RV Obs Ind Rk Obs Ind Rk Obs Ind Rk 

Leiostomusxanthurus 1 7 57 4 83 53 6 65 7 11 155 26 
Larimus fasciatus 1 2 82 2 12 38 3 14 95 
Menticirrhus americanus 1 1 104 2 5 102 S 7 18 8 13 52 
Micropogon undulatus 1 14 50 6 111 33 6 444 5 13 569 18 
Pogonias cromis ! 1 115 1 t 266 
Stelliferlanceolatus 2 3 113 4 12 24 6 15 68 
Equetus umbrosus 1 1 212 1 1 116 2 2 160 
Chaetodipterus faber 1 2 156 5 14 17 6 16 66 
Polydactylus octonemus 1 3 69 3 10 73 2 3 45 6 16 67 
Lonchopisthus lindneri 1 1 213 I 1 267 
Kathetostoma albigutta 1 1 105 2 11 96 3 12 96 
Gobionellus boleosoma 2 2 47 2 2 161 
Microgobius 1 1 214 1 1 268 
Bollmannia communis 1 19 48 5 199 41 1 1 117 7 219 53 
Trichiuruslepturus 3 47 67 2 2 49 5 49 72 
Scomberjaponicus I 1 106 1 1 269 
Scomberomorus cavalla 1 1 215 1 1 270 
Pcprilus paru 1 2 157 1 2 203 
Peprilus burti 2 14 31 4 9 63 6 23 64 
Citharichthysspilopterus 2 9 37 10 74 13 S 47 14 17 130 11 
Etropuscrossotus 3 7 21 9 117 17 8 120 1 20 244 5 
Paralichthys lethostigma I I 216 1 1 118 2 2 162 
Ancylopsetta dilecta 1 2 158 1 2 204 
Ancylopsetta quadrocellata 1 1 119 1 1 271 
Cyclopsetta chittendeni 2 9 38 9 61 18 3 17 31 14 87 17 
Syacium gun teri 7 129 24 6 93 6 13 222 19 
Trichopserta ventralis 1 19 126 1 19 166 
Gymnachirus texae 6 31 37 1 1 120 7 32 57 
Symphurus plagiusa 4 26 56 S 21 15 9 47 38 
Sy7nphurus civitatus 2 6 41 3 7 79 4 32 21 9 45 39 
Balistes capriscus 1 1 217 2 2 50 3 3 112 
Lagocephaluslaevigatus 1 1 218 1 l 272 
S hcerides arvus 3 8 20 1 6 131 6 55 8 10 69 30 

I 
Obs - denotes number of observations. 
=Ind -denotes number of individuals . 
3Rt - denotes rank . 

TABLE 84 . Number of individuals of Prionotus ru6io 
(Osteichthyes) by station and cruise 

Number of Individuals/Trawl 
Station Cruise I Cruise II Cruise III Average 

O1 PNO500 2.0 6.0 2.7 
02PN0500 1 .0 .3 
03PN0500 1 .0 2.0 30.0 11 .0 
04PN0500 1 .0 5.0 8 .0 4 .7 
OSSNO500 2.0 
06SN0500 
07SN0500 8.0 
O8SN0500 1 .0 
09SN0500 9.0 
l OSN0500 
11 SNO500 
12SN0500 
13SN0500 
14SN0500 106.0 
15SN0500 2.0 
16SN0500 13.0 
17SN0500 23 .0 
18SN0500 2.0 
19SN0500 1 .0 
20SN0500 
21C 2.0 .7 
22C .0 
23C 11 .0 14 .0 59.0 28.0 
24C 177.0 4.0 60.3 
Average I 2 .0 15 .5 12 .6 
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P3 and C23, Cruise III . Note the complete absence of P. 
rubio at C22 during all three cruises . 

Halieutichthys aculeatus was collected at 
three sites during Cruise I ; during Cruise II at all but 13 
sites ; and during Cruise III at all but one site (Table 85) . 
Average numbers of individuals per trawl were generally 
higher at the Secondary Sites except for the very high 
average found at P3, Cruise III . The overall average was 
highest during Cruise III with the average increasing 
slightly from Cruises 1 to II . 

Ten species of the Family Sciaenidae, im-
portant in the sport and commercial fisheries, were col-
lected in this project . The number of species and num-
ber of individuals in the Sciaenidae exceeded all other 
families, constituting 15 .4% of the total number of de-
mersal fish taken . In most studies of shallow water 
fishes of the Gulf Coast, the Sciaenidae is generally the 
predominant family of fishes taken (Perret, 1971) . 
Roithmayr (1965) found that sciaenids comprised the 
bulk of the annual industrial bottom fish landings from 
the north central Gulf of Mexico from 1959 to 1963 . 
The most important of the Sciaenids collected in this 
project were Cynoscion arenarius, C. nothus, Leiosto-
mus xanthurus, Menticirrhus americanus, and Micropo-
gon undulatus. 

Cynoscion arenarius occurred only at two 
sites during Cruise I ; at four sites during Cruise II ; and 
at three sites during Cruise III (Table 86) . This species 
was not collected at most of the Secondary Sites . Num-
bers of individuals collected per cruise tended to in-
crease from Cruise I to Cruise III ; this may be related to 
the hypoxic bottom conditions encountered during 
Cruises I and II . 

Cynoscion nothus was not collected during 
Cruise I, was collected at five sites during Cruise II, and 
at four sites in Cruise III (Table 87) . As with C. arena-
rius, there was an increase in numbers collected from 
Cruise I to Cruise III, which may be related to the hy-
poxic bottom conditions . 

Leiostomus xanthurus was collected at only 
one site during Cruise I ; at four sites during Cruise II ; 
and at six sites during Cruise III (Table 88) . Numbers of 
individuals collected increased from Cruise I to Cruise 
III ; this may be related to hypoxic bottom conditions . 
Note the almost complete absence of L . xanthurusat the 
Secondary Sites . 

Menticirrhus americanus was collected at 
only one site during Cruise I, at two sites during Cruise 
II, and at five sites during Cruise III (Table 89) . There 
was an almost complete absence of M. americanus at 
the Secondary Sites . Numbers of individuals increased 
slightly from Cruise I to Cruise III, which may be in re-
sponse to the hypoxic bottom conditions encountered 
during Cruises I and II . 

Micropogon undu/atus was collected at 
only one site during Cruise I, at six sites during Cruise 
II, and at six sites during Cruise III (Table 90) . There 
was a gradual increase in numbers collected from Cruise 
I to II and then a large increase during Cruise III, which 
also may be related to the hypoxic bottom conditions . 
Micropogon undulatus has been reported to be the dom-
inant fish species, not only offshore Louisiana, but in 
the entire Gulf of Mexico (Ragan et al ., 1978) . How-
ever, in this study M. undulates ranked 50th during 
Cruise I, 33rd in Cruise II, and 5th in Cruise III . It was 
collected a total of only 13 times for a total of 569 

TABLE 85 . Number of individuals of Halieutichthys aculeatus (Osteichthyes) 
by station and cruise. 

Number of Individuals/Trawl 
Station Cruise I Cruise II Cruise III Average 

O1 PNO500 1 .0 .3 
02PN0500 2 .0 .7 
03PN0500 21 .0 9.0 281 .0 103.7 
04PN0500 1 .0 3 .0 21 .0 8.3 
OS SNO500 
06SN0500 1 .0 
07SN0500 1 .0 
08SN0500 
09SN0500 43 .0 
l OSN0500 
11 SNOS00 
12SN0500 
13SN0500 
14SN0500 27 .0 
15SN0500 43 .0 
16SN0500 1 .0 
17SN0500 25 .0 
18SN0500 1 .0 
19SN0500 
20SN0500 
21C .0 
22C 11 .0 3 .7 
23C 4.0 27 .0 1 .0 10.7 
24C 1 .0 .3 
Average I 3 .3 I 7 .5 39 . 8 
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TABLE 86. Number of individuals of Cynoscion arenarius (Osteichthyes) 
by station and cruise . 

Number of Individuals/Trawl 

Station Cruise I Cruise II Cruise III Average 
01 PNO500 
02PN0500 1 .0 7.0 2.7 
03PN0500 1 .0 .3 
04PN0500 
O5SNO500 23 .0 
06SN0500 1 .0 
07SN0500 
08SN0500 
09SN0500 
l OSN0500 
11 SNO500 
12SN0500 
13SN0500 
14SN0500 
15SN0500 
16SN0500 
17SN0500 
18SN0500 
19SN0500 
20SN0500 
21C 6.0 1 .0 2 .3 
22C 1 .0 .3 
23C 22.0 73 
24C ~0 
Average .3 1 .5 I 3 .0 

TABLE 87 . Number of individuals of Cynoscion nothus (Osteichthyes) 
by station and cruise . 

Number of Ind ividuals/Trawl 
Station Cruise I Cruise II Cruise III Average 

O1 PNO500 1 .0 8.0 3 .0 
02PN0500 
03PN0500 .0 
04PN0500 .0 
OSSNO500 
06SN0500 1 .0 
07SN0500 
O8SN0500 
09SN0500 
l OSN0500 
11 SNO500 
12SN0500 
13SN0500 
14SN0500 1 .0 
15SN0500 
16SN0500 
17SN0500 
I8SN0500 
19SN0500 1 .0 
20SN0500 
21C 12.0 4.0 
22C 4.0 1 .3 
23C .0 
24C 7.0 2.0 3.0 
Average .0 .5 3 .3 
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TABLE 88 . Number of individuals of Leiostomusxanthurus(Osteichthyes) 
by station and cruise. 

Number of Ind ividuals/Trawl 
Station Cruise I Cruise II Cruise III Average 

01 PNO500 2.0 0.7 
02PN0500 7.0 10.0 5 .7 
03PN0500 20.0 6.7 
04PN0500 1 .0 4.0 1 .7 
OSSNO500 2.0 
06SN0500 
07SN0500 
08SN0500 
09SN0500 
l OSN0500 
11 SNO500 
12SN0500 
13SN0500 
14SN0500 
15SN0500 
16SN0500 
17SN0500 
18SN0500 
19SN0500 
20SN0500 
21C 70.0 1 .0 23.7 
22C 17.0 5.7 
23C 21 .0 7.0 
24C .0 
Average 0.9 I 3 .5 I 8 .1 

TABLE 89 . Number of individuals of Menticirrhus americanus (Osteichthyes) 
by station and cruise . 

Number of Indi viduals/Trawl 
Station Cruise I Cruise II Cruise III Average 

O1 PNO500 .0 
02PN0500 1 .0 3.0 1 .3 
03PN0500 1 .0 .3 
04PN0500 .0 
OSSNO500 1 .0 
06SN0500 
07SN0500 
08SN0500 
09SN0500 
l OSN0500 
11 SNO500 
12SN0500 
13SN0500 
14SN0500 
15SN0500 
16SN0500 
17SN0500 
18SN0500 
19SN0500 4.0 
20SN0500 
21C .0 
22C 1 .0 .3 
23C 1 .0 .3 
24C 1 .0 .3 
Average .1 Z r .9 
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TABLE 90 . Number of individuals of Micropogon undulatus (Osteichthyes) 
by station and cruise . 

Number of Ind ividuals/Trawl 
Station Cruise I Cruise II Cruise III Average 

O 1 PNO500 3.0 1 .0 
02PN0500 14.0 17.0 10.3 
03PN0500 14.0 4.7 
04PN0500 15 .0 244.0 86.3 
O5SNO500 39.0 
06SN0500 7 .0 
07SN0500 
OSSNO500 
09SN0500 
l OSN0500 
11 SNO500 
12SN0500 
13SN0500 2.0 
14SN0500 
15SN0500 
16SN0500 
17SN0500 
18SN0500 
19SN0500 
20SN0500 
21C 31 .0 9.0 13 .3 
22C 74.0 24.7 
23C 100.0 33 .3 
24C .0 
Average I 1 .8 I 4 .6 I 55 .5 I 

individuals ; it comprised only 2.2% of the total number 
of individuals of macroepifauna and demersal fish col-
lected . 

Osteichthyes comprised 11 .6% of the total 
number of individuals during Cruise I, 19.6% in Cruise 
II, and 33 .3% in Cruise III, with an overall average of 
22.8% (see Table 15) . Table 91 presents the percentage 
of the total number of individuals by station per cruise 
for the Osteichthyes . All percentages found during 
Cruise I increased during either Cruise II or Cruise III . 
Percentages increased from Cruise I to Cruise III at P1, 
P4, C22, and C23 . At P2, C21, and C24 there was a pro-
nounced increase and at P3 a large decrease during 
Cruise II . Overall, the average percentage at the Pri-
mary Sites was similar to the percentage at the Control 
Sites . Percentages greater than 50% were recorded at 
S5, 514, S17, and S19 . Low percentages at C24, Cruise 
I, and P3, S8, and C23, Cruise II, may be accounted for 
by the low D.O . values (see Table 142) . 

Examination of the percentage of total 
number of individuals by depth zonation indicated a de-
crease in percentage of Osteichthyes with depth during 
Cruises II and III ; averages also decreased with depth . 
During Cruise I, there was only a very slight increase 
with depth (Table 92) . There also was an increase in the 
percentage from Cruise I to Cruise III, which may indi-
cate seasonal influences . 

Average diversity and evenness values in-
creased from Cruise I to Cruise III at P1, P3, C21, C22, 
and C24 with the reverse being true at C23 (Table 93) . 
During Cruise II, there was a decrease in diversity at P2 
and an increase at P4 . These diversity changes appeared 
to be primarily the result of changes in number of taxa 
and not changes in evenness . Diversity and evenness at 

the Secondary Sites were comparable to similar values at 
the Primary and Control Sites . 

c. Biomass Distribution 
The total weight of all macroepifauna and 

demersal fish caught per trawl is presented by site and 
cruise in Table 94 . The weight per sample ranged from a 
low of 60.9 g at S11, Cruise II, to a high of 37,706.0 g at 
C22, Cruise III . There was a trend toward increased bio-
mass with each successive cruise . This increase was 
probably related to the return to normal D.O . levels . 
The heaviest tows were made during Cruise III at C22, 
C23, and P3 at depths of 21, 37, and 30 m, respectively. 
Catches were smallest during Cruise I, averaging less 
than one-fifth of Cruise III weights . The largest varia-
tion in catch weight for a single site occurred at C22, 
where values ranged from 93.9 g (Cruise I) to 37,706.0 g 
(Cruise III) . The majority of this increased weight can 
be accounted for by the large number of Arius fells, sea 
catfish, caught during Cruise III . 

Catch weights were grouped according to 
depth zones similar to those established for the Louisi-
ana coast by Moore, Brusher, and Trent (1970) and 
Ragan et al . (1978) . The average catch of demersal fish 
and macroepifauna was largest by weight in the outer 
zone, where depths reached 65 m or more. Smallest av-
erage catches came from trawling in the inner zone, 
where depths were less than or equal to 18 m . 

The weight of the demersal fish made up 66% 
of the total catch weight . Species that made up at least 
1 % of the weight of the total bottomfish catch appear in 
Table 95 . The top five species accounted for two-thirds 
of the total fish catch weight. The heaviest contributor, 
the sea catfish, Arius fells, comprised 32.9% of the 
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TABLE 91 . Percent total number of individuals per cruise of mac-
roepifauna and demersal fish that are Osteichthyes. 

Percent Total Number of Individuals/Crui se 
Site Cruise I Cruise II Cruise III Average 
POI 1 .2 24.1 62.2 29 .2 
P02 11 .6 79.0 61 .2 50.6 
P03 24.9 0.6 41 .4 22 .4 
P04 25 .6 70.4 74.9 57.0 
SOS 61 .5 61 .5 
S06 20.9 20.9 
S07 20.4 20.4 
S08 0.8 0.8 
S09 10.1 10 .1 
S 10 --~ -- 
S 11 -- 
S12 -- -- 
S13 13 .5 13 .5 
S14 51 .9 51 .9 
S15 25.2 25 .2 
S16 29.2 29.2 
S17 54 .1 54 .1 
S18 3.3 33 
S19 69.3 69.3 
S20 -- -- 
C21 37.5 93.5 37 .1 56.0 
C22 26.8 -- 95.3 40.7 
C23 6.3 6.6 14.9 9.3 
C24 0.6 81 .0 15.0 32.2 

I (--) indicates that the taxa did not occur at that station. 

TABLE 92. Distribution by depth zonation and cruise of Osteichthyes as 
percent of total number of macroepifauna and demersal fish . 

Depth Percent Total Number of Individuals/Cruise 
Zone m ~ Cruise I Cruise II Cruise III Avera e 

< 30 15 .5 33 .2 54.2 34.3 
30 to 90 18 .9 

I 
25 .1 

I 
43 .9 29 .3 

>91 -- 25.2 -- 25 .2 
Depth zone <30 m included sites P1, P2, S5, S8, 510, S I1, 512, 514, 518, 519, 520, C21, C22 
and C24 . 
Depth zone 30 to 90 m included sites P3, P4, S6, S7, S9, 513, 516, S17, and C23 . 
Depth zone >91 m included only site 515. 
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TABLE 93 . Average diversity and evenness values for the demersal fish (Osteichthyes) taxa by site and cruise 

Evenness 
Diversity Pielou Help 

Site Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III Cruise I Cruise II Cruise III 

POI 1 .04 1 .31 2.13 0.946 0.729 0.857 0.914 0.539 0.674 
P02 2.20 1 .72 2.10 0.813 0.825 0.875 0.574 0.651 0.715 
P03 1 .40 1 .51 1 .95 0 .717 0 .841 0 .579 0.506 0.702 0 .216 
P04 1 .72 1 .93 1 .26 0.620 0.617 0 .434 0.305 0.269 0.148 
S05 2.10 0.740 0.447 
S06 2.08 0.654 0.304 
S07 2.56 0.871 0.666 
S08 --I -- -- 
S09 1 .53 0.617 0.330 
SIO 
SIl 
S12 
S13 2.04 0.720 0.418 
S14 1 .72 0.556 0.218 
S15 2.15 0.743 0.445 
S16 2.47 0.872 0.677 
S17 2.65 0.858 0.629 
S I 8 1 .66 0.854 0.711 
S19 1 .17 0.535 0.280 
S20 
C21 1.05 1 .83 2.20 0.760 0.735 0.858 0.623 0.474 0.670 
C22 1 .39 1 .52 0.714 0.562 0.503 0.256 
C23 2.54 2.41 2.37 0.879 0.835 0.735 0.686 0.597 0.402 
C24 -- 0.56 1 .74 -- 0.314 0.727 -- 0.151 0.472 

'Insutficient numbers of individuals per taxa to calculate diversity or evenness . 

TABLE 94 . Total weight (in grams) of all species caught per trawl . 

Site Cruise I Cruise II Cruise III Average 
PO1 814.9 2070.3 1626.1 1503 .8 
P02 5411 .2 7689.7 4530.9 5877.3 
P03 676.3 1882.7 15360.9 5973 .2 
P04 2608.6 5560.4 9387.7 5852.2 
SOS 10449.6 
S06 10153.1 
S07 7749.9 
S08 837.9 
S09 15379.3 
S10 781.9 
S11 60.9 
S12 110.2 
S13 7455.4 
S14 11403.2 
S15 10374.5 
S16 4987.2 
S17 16069.9 
S18 1958.9 
S19 14023.3 
S20 1146 .2 
C21 2086.1 17438 .9 2288 .9 7271 .3 
C22 1184.6 93 .9 37706.0 12994.8 
C23 4883.1 8455 .7 20431 .9 11256.9 
C24 243.0 3226.4 3672.9 2380.8 

Average 2238.5 6640.0 ~ 11875 .7 
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TABLE !>S . List of deraersal fish taxa which contributed at least l% of the weight of the 
total bottomfish catch. 

Percent of Demersal Fish Weight 
Taxa Cruise I Cruise II Cruise III Total 

Arius fells 25 .3 29.0 37 .6 32.9 
Micropogon undulates 7.6 7 .8 24 .9 15 .9 
Leiostomus xanthurus 8.3 8.9 6 .3 7 .6 
Prionotus rubio 3.2 5 .4 5 .7 5 .5 
Stenotomus caprinus 1 .0 8.0 1 .4 4 .6 
Synodus foetens 0.3 6 .5 2 .1 4 .1 
Cynoscion sp . 2 .1 2 .2 3 .3 2 .7 
Pogonias cromis --' -- 4 .6 2 .2 
Anchoa hepsetus 1 .7 2.0 -- 1 .7 
Etropus crossotus 1 .3 1 .3 1 .6 1 .4 
Syacium gunteri -- 1 .4 1 .5 1 .3 
Halieutichthys aculeatus 1 .0 1 .2 1 .5 1 .3 
Citharichthys spilopterus 2.2 1 .4 0 .6 1 .0 
Dinlectrum 6ivittatum 0.5 1 .3 0 .5 1 .0 
[(--) indicates taxa not collected 

weight . The Atlantic croaker, Micropogon undulates, 
was next with 15.9%, followed by the spot, Leiostomus 
xanthurus, the blackfin searobin, Prionotus ru6io, and 
the longspine porgy, Stenotomus caprinus. 

Fish weights were adjusted to catch per 
hour for comparison purposes ; this is given in Table 96 . 
The average for the entire study area over all cruises was 
19.6 kg per hour . The average catch was much smaller 
than catches reported elsewhere . Roithmayr (1965) re-
ported the average catch by industrial bottom fishery 
from 1959-1963 as 408 kg per hour in 13 to 55 m of 
water off central Louisiana (89° to 91° W Longitude) . 
Ragan et al . (1978) reported an adjusted one hour mean 

of 142 kg for trawl samples off the Louisiana Shelf from 
1975 to 1976 . Moore et al . (1970) found the average 
catch of bottomfish off Louisiana from 1962 to 1964 to 
be 93 kg per hour . The much lower values obtained in 
the present project may be attributed to differences in 
fishing gear used in research projects and to the fact that 
commercial trawlers seek out and work the concentra-
tions of fish and shrimp. However, the Southeast Fish-
eries Center, National Marine Fisheries Service, re-
ported that since January, 1976 there has been marked 
reduction in the availability of bottomfishes on the tra-
ditional fishing grounds, with croaker at an apparent 
all-time low (Juhl et al ., 1976, in Ragan et al ., 1978) . 

TABLE %. Weights of demersal fish adjusted to catch per hour and given 
in kilograms . 

Site Cruise I Cruise II Cruise III Average 
POI 0.4 8.1 5.7 4.7 
P02 11 .8 30 .1 17 .1 19 .6 
P03 0.5 1 .5 51 .9 17 .9 
P04 6.2 41 .4 35.9 27 .8 
SOS 27.0 
S06 11 .9 
S07 12.2 
S08 0.0 
S09 11 .2 
S lo 
S11 
S12 -- 
S13 5.7 
S14 31 .2 
S15 24.0 
S16 8.3 
S17 32.7 
S18 0.6 
S19 74.4 
S20 -- 
C21 8.2 68.7 6.9 27 .9 
C22 11 .6 -- 150.3 50.6 
C23 5.1 4.7 70.2 26.7 
C24 0.0 12.0 4 .5 5 .5 

'(--) indicates no fish were taken. 
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Species constituting at least 4% of the 
weight of the total invertebrate catch appear in Table 
97 . The portunid crab, Portunus spinicarpus, made up 
10.5% of the total invertebrate weight; it was followed 
by the blue crab, Callinecres sapidus, which made up 
9.6% . The brown shrimp, Penaeus aztecus, was third 
with 8.9% . Combined weights of the commercially im-
portant species P. aztecus, P. setiferus (white shrimp), 
and C. sapidus made up 25% of the total catch of inver-
tebrates by weight and less than 8% of the total weight 
of the entire trawl catch . 

d. Cluster Analysis 
For macroepifauna and demersal fish cluster 

analysis, the taxa identified for each cruise were ranked 
first by frequency of occurrence and second by fre-
quency of abundance within equally occurring taxa (Ap-
pendix F, Tables F7, F8, and F9) . From this ranked list, 
the top 95% of the total number of individuals (abun-
dance) were chosen for use in cluster analysis (95% of 
macroepifauna and demersal fish by abundance were in-
cluded in 49, 112, and 52 taxa for Cruises I, II and III 
respectively, of the 284 taxa collected) . Included in this 
list were several taxa at the level of Order and above, 
e .g ., Rhynchocoela ; these were eliminated because 
many different species were probably included and sub-
sequent interpretation could only be vague . After these 
taxa were eliminated, cluster analysis was done by clas-
sification of taxa (inverse classification) . Taxa which 
did not cluster with other groups at greater than 50% 
similarity (50% dissimilarity) were eliminated, and taxa 
classification cluster analysis was rerun . 

The resulting dendrogram from Cruise I 
macroepifauna and demersal fish is presented in Fig . 24 . 
Four Taxa Groups of 49 taxa were delimited and are in-
dicated in this figure . Taxa Group 1 was composed of 
the largest number of taxa ; two stomatopods, nine deca-
pods, one asteroid, and 10 demersal fish . Taxa Group 2 
was composed of one polychaete, one cephalopod, and 
four demersal fish . Taxa Group 3 consisted of four de-
capods and four demersal fish . Taxa Group 4, which 
was second in size to Taxa Group 1, was formed by two 
anthozoans, four polychaetes, three decapods, and 
three demersal fish . 

Using the reduced set of taxa, cluster analysis 
by classification of stations (normal classification) was 
run . The resulting dendrogram for Cruise I macroepi-
fauna and demersal fish is presented in Fig . 25 . Two 

Station Groups consisting of eight loosely related sta-
tions were delimited and are indicated . Station Group 1 
was formed by P1, C21, and C24 which had sediments 
of clayey silt with some sand (see Table 56) . Station 
Group 2 was composed of P2, P3, P4, C22, and C23, 
which had sediments of silt with some clay or sand . 

Table 98 presents a two-way coincidence 
table of the Taxa and Station Groups for Cruise I mac-
roepifauna and demersal fish . Station Group 2 ap-
peared to provide the best environment for Taxa 
Groups 1, 2, and 3 . Taxa Group 4 encountered the best 
habitat at Station Group 1 . 

Figure 26 presents a dendrogram of Cruise II 
macroepifauna and demersal fish Taxa Groups . Eight 
Taxa Groups of 78 taxa were delimited and are indi-
cated in this figure . Taxa Group I consisted of members 
of Cruise I Taxa Groups 1, 2, 3, and 4 and three demer-
sal fish which were not included in Cruise I clustering . 
Taxa Group 2 included only two taxa from Cruise I 
Taxa Groups 1 and 2 ; the remainder were taxa new to 
the clustering . Taxa Group 3 also had only two taxa 
used in Cruise I (Cruise I Taxa Groups I and 4) ; the re-
mainder of the taxa had not been previously used in 
clustering . Taxa Group 4 was comprised of members of 
Cruise I Taxa Groups 2 and 3 and two new taxa . Only 
one member each of Taxa Groups 5 and 6 had occurred 
in Cruise I clustering (both in Cruise I Taxa Group 1) ; 
the remainder of the taxa had not been clustered for 
Cruise I . Taxa Group 7 consisted of members of Cruise 
I Taxa Groups 1, 2 and 4 plus one new taxon . Taxa 
Group S was comprised of members of Cruise I Taxa 
Groups 3 and 4 and five taxa new to clustering . 

Figure 27 presents the dendrogram of Cruise 
II macroepifauna and demersal fish Station Groups . 
Four Station Groups consisting of 24 loosely related sta-
tions were delimited and are indicated . Station Group I 
was comprised of P1, S8, 518, and C24, which were 
characterized by silt sediments with some clay (see Table 
56) . Station Group 2 was formed by P3, P4, S6, S7, S9, 
513, S14, S15, 516, 517, and C23, which had sediments 
of clayey silt with some sand . Station Group 3 consisted 
of P2, S5, S19, and C21, which had basically sand with 
some clay and silt . S10, S11, 512, S20, and C22 formed 
Station Group 4, which had silty sand sediments with 
some clay . Note that P1 and C24 were grouped together 
in Cruises I and II as were P3, P4, and C23 . 

Table 99 presents a two-way coincidence 
table of Taxa and Station Groups for Cruise Il . Station 

TABLE 97 . Invertebrate taxa that comprised at least 4% of the sample weight of all inver-
tebrates taken in trawls . 

Taxa Cruise I Cruise II Cruise III Average 
Portunus spinicarpus (D) 1 1 .7 13.4 --Z 10.5 
Callinectes sapidus (D) 0.3 12.5 -- 9.6 
Penaeus aztecus (D) 17.1 6.3 17.6 8.9 
Loligo pealei (C) 16.1 7.6 -- 7.8 
Squilla chydaea (S) 0.6 8.7 -- 6.7 
Penaeus setiferus (D) 12.1 5.8 4.0 6.4 
Callinectes sapid us (D) 1 .5 7.1 7.0 6.4 
Trachypenaeus similis (D) 24.4 3.1 2 .9 5 .7 
S villa em usa S 3.7 4 .4 3.0 4.1 
I D denotes Decapoda 
C denotes Cephalopods 
S denotes Stomatopoda 
z(--) indicates taxa not collected 
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TABLE 98. Cruise I macroepifauna and demersal fish : two-way coincidence table of stations versus taxa used in clus-
ter analysis . 

Statio n Groups= 
1 7. 
02 00202 
iu1 23 ;v2 
PC PPCPC 
N NN N 

Taxa Groups S 55 5 o no 0 0 00 0 
LPiolamhrus nitidus + 1 .l . .t 
Prionotus rubio r . . .1, t 
Sauilla empusa 
Stenotomus caprinus 1 + 1]1 
TraCnYDenaeus + � , t 
Nalieutichthys aculeatus + 1 . . t 
Sicvonia hrevirostris 

i i 
+ 
+ 12~ mil s Trachvpenaeus s . 

Portunus spinicarQUS t ,? t 
Svuilla chydapa } " 1 1 Hollmannia tommunis t 
Sicvonia dorsalis + . 1 t 
Porichthys porosissimus t , , + 
SYmc+hurus Civitatus f 
Antennarius rahiosus + � t 
Cvclonsetta chittendeni + . . 
Citharichthys spiloPterus + . . + 
Uvalines quadulnensis + . + 

Phicus i t + "" duplica us Astropecten 1 
Alphetis flor icianus t,l . . 
CAllinectes sa idu 
o igo pea l ei 
rachurus lathami 

t 
+ 

. .22+ 
lt l 

Anchoa hePSetus + lt l 
Etropus CroSSOtus f "" 
Terebeitides stroemii f � t 
n h 1 rf s i t t t 

Callinectes similis + . 1 1+ 
AnChoa mitchilli 1 
Penaeus setiferus + 1 t 
Penaeus artecus + 2 . . t 

3 Pertunus aihbPS11 t i . 
Peprilus hurti y ~ 1 t 
Sphoeroides parvus + . . .+ 

+ t 
Calliactis tricolor +li . . + 
Paqt.jrus Doll icaris +1 . . . + 
Di onar ra cuc+rea + . t 
Sthpnelais boa t . . 

Nepetusoenh liticuss + . . 
0 

+ e 
Paraprionospio pinnate + . 
Pleurobranchaea hedvpethi t2 t 
Speecarcinus lohatus t . . t 
PalYthoa texaensis t, t 
Arius felis + t 
Lutjanus synaaris ; . . t 
Gobtonellus boleosoma ; . . 
Average number of individuals per trawl: 
(") denotes 1 to 9 
(1) denotes 10 to 99 
(2) denotes 100 to 999 
(3) denotes 11000 
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TABLE 99. Cruise II macrcepifauna and demersal fish : two-way coincidence table of stations versus taxa used in clus-
ter analysis . 

station Groups' 
1 2 3 4 
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01120011 0211121 

9 00 1 1 ?4 A ' 1 51 0012 46363 79 5 
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0 Q O 0 0 Taxa Groups 0 0 00001 u 0 0 uo0 0 U 
U U0 0(100U0 0000100 00000 
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ELi'ADUS Cr03SOtUS +,1, ,L .Z . f . f 
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Leiolambrus nitidus t . .ll .lll . i 
Seuilla empusa ~ . . 11 .1 . . 4 ! . . + 
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Average number of individuals per trawl : 
( ") denotes 1 to 9 
(I) denotes 10 to 99 
(2) denotes 100 to 999 
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TABLE 99 . Cruise II macroepifauna and demersal fish : two-way coincidence table of stations versus taxa in cluster 
analysis (cont'd) 

Station Groups' 
-1 4 

0?1 001411200f1 00?1 11?1? 
148 $ 3446363795 ?519 ?OQ12 
PC S . PPSSSSCSSS 

1 

PSC SSSSC 
N h nNNNvN N!r n ( NNNN 
0 0 000000 non 00 0000 

Taxa Groups 5 5 555SSS 959 55 5555 
1 

0 0 000000 000 0 00 U f1U(1U 
u u 1)00000 000 0 00 U 0U00 

Sconsia striate + 
Porcellana sigsbeiana + t 
MY ropsis auin4uesDinose 5 t ., t 
ibinia emarinata t 

5tyP1a pl iCeta t t 
Sicvonia brevirostris t . . + 
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1a44don rhomboides t + 
Pr iacanthus arenatus + . , t 
Pooochela lame11i4era + . . + 
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t 
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1, 
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t 
urus ostoTUS xant Le . t 

Anthoe TitChilli t 1 . t 
Penseus setiferus + 2 . t 
PelvdActylu8 ectonemus + i 

t 
t 

Group 2 appeared to provide the best environment for 
Taxa Groups 1, 2, 3, 4, 5, 6, and 7, while Station Group 
3 was most conducive to Taxa Group 8 . Note that the 
relationship between Taxa Groups 4, 5, 6, and 7 and 
Station Group 2 was weak, thus indicating that the Taxa 
Groups may not be ecological groups but the result of 
small sample size . 

Figure 28 presents the dendrogram of 
Cruise III macroepifauna and demersal fish Taxa 
Groups . Five Taxa Groups of 52 taxa were delimited 
and are indicated in this figure . Taxa Group 1 was di-
vided into two subgroups . Taxa Subgroup IA included 
members from Cruise I Taxa Groups i, 2, and 3 and 
Cruise II Taxa Groups 1 and 8 . Taxa Subgroup 1B con-
sisted of members from Cruise I Taxa Groups I and 4 
and Cruise II Taxa Groups 1, 3, 6, and 8 . Also included 
were one ectoproct and two demersal fish that had not 
been previously included in clustering . Taxa Group 2 
was composed of members from Cruise I Taxa Group 1 
and Cruise II Taxa Groups 1, 2, and 3 . Three new de-
mersal fish were also included . Taxa Group 3 included 
taxa from Cruise I Taxa Groups 1, 3, and 4, Cruise II 

taxa Groups 1 and 3, and one fish and one gastropod 
new to clustering . Cruise I Taxa Groups 1 and 4 and 
Cruise II Taxa Groups 1, 5, and 8 contributed members 
to Taxa Group 4 . Also included were four taxa that had 
not been included in Cruises I or II . Taxa Group 5 con-
sisted of three new taxa plus one [axon that had been in 
Cruise I Taxa Group 4 and Cruise II Taxa Group 3 . 

Figure 29 presents the dendrogram for 
Cruise III macroepifauna and demersal fish station 
groups . Two Station Groups of loosely related sites 
were delimited and are indicated . Station Group 1 was 
composed of P1, P2, C21, C22, and C24, which had 
sediments of clayey silt with some sand (see Table 56) . 
Again P1, C21, and C24 were grouped together . Station 
Group 2 consisted of P3, P4, and C23, which had sedi-
ments of silt with some clay or sand . These sites were 
again grouped together as during Cruises I and II . 

Table 100 presents a two-way coincidence 
table of the Taxa and Station Groups of Cruise III mac-
roepifauna and demersal fish . Taxa Subgroup IA was 
found at both Station Groups but Station Group 2 was 
more conducive to the taxa . Taxa Subgroups 1 B and 2 
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TABLE 100. Cruise III macroepifauna and demersal fish : two-way coincidence table of stations versus taxa used in 
cluster analysis . 

$tdtl 
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114 2343 
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Taxa Groups 
0 000 
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CYnoscion nothus t,l ., t 
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Citharichthys spilonterus +0-19 , t 
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Menticirrhus americanus + � � ,t 
SICYOnia dOrSAIiS t 
H arTO tflAe t , , t 
Trichiurus leoturus t 
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~ Hepatus eoholiticus *, , 
Average number of individuals per core : 

(") denotes 1 to 9 
(1) denotes 10 to 99 
(2) denotes 100 to 999 
(3) denotes > 1000 
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were also favored by Station Group 2 . Note the almost 
complete absence of the latter two taxa groups at Sta-
tion Group 1 . Taxa Group 3 found the best habitat at 
Station Group 1 . Station Group preference by Taxa 
Groups 4 and S appeared to be weak, which may indi-
cate that the Taxa Groups were erroneous because of in-
sufficient data . 

Many of the macroepifauna and demersal 
fish taxa remained clustered together over more than 
one cruise and also consistently demonstrated a prefer-
ence for the habitat characterized by certain sites . This 
is summarized in Table 101 . Members of Cruise I Taxa 

TABLE 101 . Relationship between macroepifauna and 
demersal fish Taxa Groups and site preference . 

Taxa Grou Associations Site Preference 
1 . Cruise I Taxa Group 1 P3, P4, C23 

Cruise II Taxa Group 1 
Cruise III Taxa Groups lA 1B 2 

2 . Cruise I Taxa Group 4 P1, C21, C24 
Cruise III Taxa Group 3 

Group 1, Cruise II Taxa Group I, and Cruise III Taxa 
Groups IA, 113, and 2 were essentially the same and 
tended to occur in greatest numbers at P3, P4, and C23 . 
Cruise I Taxa Group 4 and Cruise III Taxa Group 3 
contained similar taxa which appeared to prefer the en-
vironment afforded by P1, C21, and C24. There ap-
peared to be little relationship among the other Taxa 
Groups and sites not listed in Table 101 . 

Figure 30 presents the similarity between 
stations during Cruises I, II, and III for macroepifauna 
and demersal fish . Station similarity not only appears to 

be related to sediment texture, but also to water depth . 
Note the marked differentiation between station simila-
rity at the shallow stations and that at deeper stations . 
This depth boundary (about 24 to 26 m) was crossed by 
the Cruise I similarity between P2, P3, P4, C22, and 
C23 . 

B. Factors Affecting Distribution 
Correlation analysis, the measurement of the 

amount of association between two variables, was per-
formed on the 39 abiotic variables listed in Table 102 
and on 123 biotic variables . Over 12,000 correlations 
were calculated, and with such a large number of corre-
lations, at least 5% would be expected to be spurious . 
Consistency of a correlative relationship over more than 
one cruise and the logical trend of the correlation were 
measures used to determine the credibility of the corre-
lation . 

1. Species Diversity Cornlations 

a. Meiofauna 
Tables 103, 104, and 105 present the signifi-

cant correlations between diversity and evenness and se-
lected abiotic variables . Median grain size was inversely 
correlated with number of species over all three cruises . 
For Cruises I and III, percent sand was directly cone-
lated and chromium, copper, nickel, lead, and zinc in-
versely correlated with number of species . None of the 
abiotic variables was significantly correlated with num-
ber of individuals, diversity, and Pielou evenness for 
more than one cruise . Nickel was directly correlated 
with Heip evenness during Cruises I and III . 
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FIG. 30. Similarity between stations for macroepifauna and demersal fish 
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TABLE 102. List of variables used in correlation and 
regression analysis . 

Variable Code 
Distance from Shore DSHORE 
Distance from Mississippi River DMISS 
Presence of Dead Bottom' BDEAD 
Water Depth DEPTH 
Salinity SALIN 
Water Temperature TEMP 
Dissolved Oxygen DO 
Sediment : 
% Sand SAND 
% Silt SILT 
% Clay CLAY 
Absolute % Smectite SMECT 
Median Grain Size2 MEDIAN 
Sorting Coefficient STD 
Skewness SKEW 

Total Organic Carbon TOC 
Water Hydrocarbons : 

Ethane ETHANE 
Propane PROPANE 
Contamination Index CI 

Sediment Hydrocarbons 
Total Saturated Hydrocarbons LT1 
Total Unsaturated Hydrocarbons LT2 
Carbon Preference Index, C2O-C28 CP1A 
Carbon Preference Index, C24-C32 CP1B 
Carbon Preference Index, C14-C20 CP1C 

Sediment Trace Metals : 
Cadmium LCD 
Chromium LCR 
Copper LCU 
Iron LFE 
Nickel LNI 
Lead LPB 
Zinc LZN 
Barium LBA 
Vanadium LVA 

Microbiology : 
Counts, Oil Agar LOA 
Counts, Marine Agar LMA 
Counts, Sulfate Reducing Bacteria LS04 
Chitin LCHI 
Heterotrophic Activity LHET 
Protein Degradation LPRO 
Sulfur Oxidation LSOX 

'A plus sign indicates that the variable increased at live bottoms or 
decreased at dead bottoms, and a negative sign indicates the reverse . 
=Median grain size was calculated in phi units . As the units increase, 
grain size decreases . 
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TABLE 103 . Significant correlation coefficients between Cruise I meiofauna 
diversity and evenness and selected physical and chemical variables. 

Number of Number of Evenness 

Variables Species Individuals Diversity Pielou Hei 

DEPTH -0.45"" 
SALIN -0.51 -0.48"" -0.49" 

TEMP 0.47"' 0.47" 0.51""" 
SAND 0.68"" ' 
CLAY 0.41 . 0.48"" 
SMECT 0.42' 
MEDIAN -0.67""" 
SKEW 0.51" " 
TOC -0.59'"" 
LT I -0.45" -0.42 
LT2 -0.49" 
LCH I -0.51** -~~44" 
LSOX 0.42"" 
LCR -0.65'"" 
LCU -0.60' 
LFE -0.41 
LNI -0.52**' 0.41 
LPB -0.72"' 
LZN -0.69' 
'See Table 102 for explanation of the variable code . 
'Denotes level of significance G 0.05. 
''Denotes level of significance < 0 .01 . 

'''Denotes level of significance C 0.001 . 

TABLE 104. Significant correlation coefficients between Cruise II meiofauna 
diversity and evenness and selected physical and chemical variables. 

Number of Number of Evenness 

Variables Species Individuals Diversity Pielou Hei 

DSHORE p,q7ss* 

SMECT -0.45"*' 
MEDIAN -0.45"" * 
LS04 -0.41'" 
LCHI 0.69""" 0.58 "" * -0.62""" -0.66' " ' 
LSOX 0.41* -0.46"" -0.55""' 
LCD -0.42"' " 
LCR 0.46tss 
LPB 0.41"' 
See Table 102 for explanation of the variable code. 
'Denotes level of significance < 0.05. 

''Denotes level of significance G 0 .01 . . : 
*Denotes level of significance < 0 .001 . 
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TABLE 105. Significant correlation coefficients between Cruise III meiofauna 
diversity and evenness and selected physical and chemical variables. 

Number of Number of Evenness 
Variables Species Individuals Diversity Pielou Hei 
SAND 0.75"' 0.67 "" * 0.46"" 
SILT -0.72**' -0.66""" -0.44" 
CLAY -0.52"' -0.41 
MEDIAN -0.72"" -0.65 """ -0.48* " 
SKEW 0.45"" 
TOC -0.62"* -0.67"" ' 
CI -0.42 " ' 
LT I -0.41 
CP1A 0.41 " 
LOA -0.44' " -0.45 "' -0.41' 
LHET -0.73"" -0.61 " '" 0.40 " 
LCR -0.49'* -0.58"" 
LCU -0.54' "' -0.50'* 
LFE -0.48*' 
LNI -O.SO" * -0.54"' 0.41' 0.41" 
LPB -0.59"`* -0.57"" 
LZN -0.60""' -0.57"" 0,4q+ " 
See Table 102 for explanation of the variable code. 
'Denotes level of significance G 0.05 . 

''Denotes level of significance G 0.01 . 
'''Denotes level of significance G 0.001 . 

b . Macroinfauna 
Tables 106, 107, and 108 present the signifi-

cant correlations between macroinfauna diversity and 
evenness and selected abiotic variables . During Cruises I 
and III, percent sand was directly correlated and percent 
silt, median grain size, chromium, and lead were inver-
sely correlated with number of species . Both TOC and 
zinc were inversely correlated with number of species 
over all three cruises . Chitin degradation was inversely 
correlated during Cruise I and directly correlated in 
Cruise II with number of species . 

Distance from shore, salinity, chromium, 
and lead were inversely correlated with number of indi-
viduals during Cruises I and III . Both depth and percent 
silt were inversely correlated with number of individuals 
over more than one cruise . Temperature and sulfate re-
duction were directly correlated during Cruise I and in-
versely correlated during Cruise III with number of indi-
viduals ; the reverse was true for marine agar counts . 

Distance from shore and salinity were 
directly correlated with macroinfauna diversity during 
Cruises II and III and D.O . was directly correlated with 
it in Cruises I and III . Temperature was inversely 
correlated during Cruise II and chitin degradation and 
lead were both inversely correlated during Cruise I with 
diversity . Temperature and lead were directly correlated 
with diversity during Cruise III and chitin degradation 
was directly correlated with it in Cruise II . 

Distance from shore, salinity, TOC, chro-
mium, and lead were directly correlated with Pielou 
evenness during Cruises II and III ; they were directly 
correlated with depth over all three cruises . Presence of 
hypoxic bottom conditions was directly correlated with 
Pielou evenness over Cruises I and II ; D .O . was directly 
correlated with it during Cruises I and III . Temperature, 
chitin degradation, and heterotrophic activity were in-
versely correlated with Pielou evenness during Cruise II 
but directly correlated with it in Cruise III . 

Distance from shore and depth were both di-
rectly correlated with Heip evenness over all three 
cruises . Salinity, median grain size, TOC, chromium, 
and lead were directly correlated and percent sand inver-
sely correlated with Heip evenness during Cruises II and 
III . During Cruises I and III, D.O . was directly corre-
lated with it . Temperature was inversely correlated with 
Heip evenness during Cruises I and II and heterotrophic 
activity was inversely correlated with it during Cruise Il ; 
both were directly correlated with it in Cruise III . 

c . Macroepifauna and Demersal Fish 
Tables 109, 110, and 111 present the signifi-

cant correlations between macroepifauna and demersal 
fish diversity and evenness and selected abiotic varia-
bles . Distance from shore was directly correlated with 
number of species during Cruises II and III . Presence of 
hypoxic bottom conditions was inversely correlated with 
number of species during Cruise I and directly corre-
lated with that in Cruise II . Median grain size and zinc 
were directly correlated with number of species during 
Cruise II but inversely correlated with that in Cruise III . 
Temperature and percent clay were both directly corre-
lated with number of species in Cruise I but temperature 
was inversely correlated with that in Cruise II as was 
percent clay in Cruise III . Percent sand was inversely 
correlated with number of species during Cruise II and 
directly correlated in Cruise III . 

Dissolved oxygen was directly correlated with 
number of individuals in Cruises I and III, and both 
copper and nickel were inversely correlated with number 
of individuals during Cruises Il and III . Percent sand 
was inversely correlated with number of individuals in 
Cruise I and directly correlated with number of individ-
uals in Cruises II and III ; the reverse was true for per-
cent silt . Median grain size was directly correlated with 
number of individuals in Cruise I and inversely corre-
lated with number of individuals in Cruise III . 
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TABLE 106. Significant correlation coefficients between Cruise I macroinfauna 
diversity and evenness and selected physical and chemical variables. 

Number of Number of Evenness 

Variables Species Individuals Diversity Pielou Hei 

DSHORE -0.41" -0.76*"" 0.57""" 
DMISS 0.53'*' 
BDEAD -0.60" '* 0.43' " 0.57*** 0.71"' 
DEPTH -0.76*** 0.48* " 0.64r"" 
SALIN -0.55* " " -0.84" ' " 
TEMP 0.42" ' 0.83* " ' -0.53"'s 
DO 0.72**" 0.76" ' " 0.73 """ 
SAND 0.64*" 0.42" 
SILT -0.71"*' -0.43* " 
MEDIAN -0.60"" * 
STD 0.48*" -0.47"' -0.60'"' 
SKEW 0.42' 
TOC -0.66*** -0.48 "" 
LT1 -0.62" " -0.41' -0.58""" -0.45'* 
LT2 -0.54 "'* -0.52""" -0.41" 
LMA -0.46" * 
LS04 0.53*"' 
LCHI -0.70"*" -0.82"*" -0.72""" -0.53"'" 
LHET -0.48"" -0.49 "' -0.49" 
LPRO 0.49** -0.47*' -0.65""" -0.76*" 
LSOX 0.57*" * 0.55"" ' 0.45* " 
LCD -0.41 " -0.46"" 
LCR -0.67"" * -0.44*" -0.54 "' " 
LCU -0.53'"" -0.49** -0.41' 
LFE -0.44"" 
LNI -0.45'" -0.44"" 
LPB -0.73*'" -0.51 ""' -0.43" 
LZN -0.70'" * -0.66*'* -0.51 "" 
See Table 102 for explanation of the variable code. 
'Denotes level of significance < 0.05 . ***Denotes level of significance < 0.001 . 
''Denotes level of significance i 0.01 . 

TABLE 107. Significant correlation coefficients between Cruise II macroinfauna 
diversity and evenness and selected physical and chemical variables. 

Number of Number of Evenness 
Variables Species Individuals Diversity Pielou Hei 
DSHORE 0.68 "'" 0.62 " "" 0.59 "» " 
DMISS 0.47" " 0.53*' " 
BDEAD 0.40" " 0.43"*" 
DEPTH -0.43"* 0.55 """ 0.64'" ' 0.68 "" " 
SALIN 0.53*"* 0.54 "' " 0.50 ""' 
TEMP -0.58" " -0.62"" ' -0.61'" ' 
SAND 0.56*"" -0.47" " 
SILT -0.51* "' 
CLAY -0.42'** 
SMECT 0.51 """ 
TOC -0.53*"" 0.46*"" 0.59"" ' 
CP1B 0.42""" 
LMA -0.51*** 
LCHI 0.76'"' 0.84"" " 0.84""" 0.55*" 
LHET 0.43* " 0.46" ' 
LCD -0.58** " 
LCR 0.61'"* 0.72" '" 
LCU -0.63 
LNI -0.54* 
LPB 0.48' "" 0.59s'" 
LZN -0.43**" 0.51*"" 
See Table 102 for explanation of the variable code . 
'Denotes level of significance < 0.05 . '''Denotes level of significance 4 0.001 . 
''Denotes level of significance < 0.01 . 
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TABLE 108. Significant correlation coefficients between Cruise III macroinfauna 
diversity and evenness and selected physical and chemical variables. 

Number of Number of Evenness 
Variables Species Individuals Diversity Pielou Help 
DSHORE -0.59""" 0.71 "" 0.70"" ' 0.67"ss 
DMISS 0.42' 
DEPTH -0.59""' 0.75"" * 0.74"" 0.74"' 
SALIN -0.77x" 0.65s'" 0.70sss 0.6q**s 
TEMP -0.69*' " 0.53'"" 0.55 """ 0.45 "" 
DO -0.49*' 0.58""" 0.60""" 0.58"" ' 
SAND 0.68""" -0.49"" 
SILT -0.72""" -0.47"' 0.47"" 0.56"' 
MEDIAN -0.66*"" -0.43"" 0.46*' 0.55"" 
TOC -0.66 "* " -0.52 "' 0.51' " 0.57""" 
ETHANE -0.41' 0.50" 0.58'"" 0.67"x" 
PROPANE -0.41 . 0.50"" 0.59""" 0.67"" 
CI 0.47"" 0.58""' 
LOA -0.60"" 
LMA 0.46*" -0.44"" -0.52"" -0.56' "* 
LS04 -0.45'" 0.42" ' 0.42" 
LHET -0.50"' 
LCD -0.41 
LCR -0.49" -0.46"' 0.47" 0.50' " 
LPB -0.62"' -0.55'" ' 0.48'" 0.63*'" 0.70 " "" 
LZN -0.49"' 
See Table 102 for explanation of the variable code . 
'Denotes level of significance L 0 .05 . 

''Denotes level of significance < 0 .01 . 
'''Denotes level of significance < 0 .001 . 

TABLE 109 . Significant correlation coefficients between Cruise I macroepifauna and demersal 
fish diversity and evenness and selected physical and chemical variables . 

Number of Number of Evenness 
Variables Species Individuals Diversity Pielou Hei 
DSHORE -0.53"" 
DMISS -0.82"' -0.61"" 
BDEAD -0.47" ' -0.77" " -0.55""" 
DEPTH -0.43"" -0.56" ' " 
TEMP 0.53* " ' 0.44"" 
DO 0.41' 0.62 "" -0.40* -0.80 " ss -0.82s' " 
SAND -0.44** 
SILT 0.42' 
CLAY 0.41 
MEDIAN 0.44'" 
ETHANE 0.60"" ' 
PROPANE 0.57 "" 
CI 0.60 "" 
LT1 0.45"" 0.46"" 
LT2 0.40' 
LCHI 0.64"" 0.79""" 0.74"' 
LHET -0.50" 0.55""' 0.50** 
LPRO 0.46" 0.64"" 0.61 """ 
LSOX -0.59**" -0.81"' 0.52"" ' 
LCD 0.45'" 
LCU 0.56"" 0.43"" 
LNI 0.50" 
LZN 0.59'"" 0.57*"" 0.47" 
See Table 102 for explanation of the variable code . 
'Denotes level of significance G 0.05. 
''Denotes level of significance t 0.01 . 

'''Denotes level of significance < 0.001 . 
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TABLE 110. Significant correlation coefficients between Cruise II macroepifauna and demersal 
fish diversity and evenness and selected physical and chemical variables. 

Number of Number of Evenness 
Variables Species Individuals Diversity Pielou Hei 

DSHORE 0.72' 
BDEAD 0.66'"" 
DEPTH 0.76' 
SALIN -0.41*** 
TEMP -0.78ss" 0.52**s 
SAND -0.42"' 0.43" *' -0.61'"" 
SILT -0.46' "" 0.59"" 0.42 "" 
MEDIAN 0.47"" 0.59"'" 
TOC 0.58*"" 
LT1 0.48*'" 
LCHI 0.83** " 0.58" '" -0.48"" -0.65"" -0.76"'" 
LHET 0.47 "* 
LPRO -0.51** 0.68" " 0.54"" ' 0.42" 
LSOX -0.49" -0.43'" -0.53""' 
LCR 0.64"` O.SSMk" 

LCU -0.45*" 0.42 "" 0.44" " 
LIFE -0.48 " " " 0.56*"" 0.51*" 
LNI 0.61*" ' 0.46 "' " 
LPB 0.44'" ' 0.57"" s 
See Table 102 for explanation of the variable code . 
'Denotes level of significance < 0.05 . 
''Denotes level of significance t 0.01 . 

'''Denotes level of significance < 0.001 . 

TABLE 111 . Significant correlation coefficients between Cruise III macroepifauna and demersal 
fish diversity and evenness and selected physical and chemical variables. 

Number of Number of Evenness 
Variables Species Individuals Diversit y Pielou Hei 
DSHORE 0.53"* " 0.60"" " -0.59* " ' -0.81"' -0.84'"" 
DMISS 0.45'" -0.54* "" -0.65**" -0.65" '" 
DEPTH 0.52""" -0.81"' -0.89""' -0.88""" 
SALIN -0.41' " -0.50* " -0.59" ' 
DO 0.46 "* 0.46"" -0.51" -0.70"" 0.75**' 
SAND 0.70 "" 0.52"" ' 
SILT -0.64'"" -0.46"" 
CLAY -0.56 "' " -0.44'" 
SMECT -0.48"' -0.48"" 0.49"" 0.54""" 
MEDIAN -0.64"'" -0.43*' 
ETHANE -0.71 " '" -0.54* " -0.49 "" 
PROPANE -0.71 """ -0.54"" -0.49"" 
CI -0.66" "' -0.42"" 
LT I -0.52"' 
LT2 -0.41' 0.41* 0.41" 
LOA -0.70' "' -0.67"" ' 
LMA 0.46"' 0.49' " 0.42' 
LHET -0.88""' -0.72"" ' 0.43 " ' 
LPRO 0.44"" 
LSOX -0.44 " ' 
LCD -0.58 "" -0.59' "* 0.43' " 0.65 ""' 0.71 "" 
LCU -0.73"" -0.71' "' 0.49 " ' 0.56""" 
LNI -0.70"" -0.67"" 0.49"* " 0.57*"" 
LZN -0.55" '" -0.52"' 
LBA -0.43"" 
See Table 102 for explanation of the variable code . 
'Denotes level of significance G 0.05. 

''Denotes level of significance < 0 .01 . 
'''Denotes level of significance < 0 .001 . 
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Distance from shore, distance from the 
Mississippi River, depth, and D.O . were inversely corre-
lated with diversity during Cruises I and III . Copper, 
nickel, and zinc were directly correlated with diversity 
during Cruises I and II and protein degradation was di-
rectly correlated with it during all three cruises . Temper-
ature was directly correlated with diversity in Cruise I 
and inversely correlated in Cruise II . 

Distance from the Mississippi River and 
D.O . were both inversely correlated with Pielou even-
ness during Cruises I and III and cadmium was directly 
correlated with it . Copper was directly correlated with 
Pielou evenness during all three cruises. Protein degra-
dation was directly correlated with Pielou evenness dur-
ing Cruises I and II and nickel was directly correlated 
with it during Cruises II and III . Both chitin degrada-
tion and sulfate oxidation were directly correlated with 
Pielou evenness in Cruise I and inversely correlated with 
it in Cruise II . 

Salinity and sulfate oxidation were inver-
sely correlated with Heip evenness during Cruises II and 
III and protein degradation was directly correlated with 
it in Cruises I and II . Chitin degradation was directly 
correlated with Heip evenness in Cruise I but inversely 
correlated in Cruise II ; D.O . was inversely correlated 
with Heip evenness in Cruise I and directly correlated 
with it in Cruise III . 

2. Correlations with Dominant Taxa 

a . Meiofauna 
Tables 112, 113, and 114 present the signifi-

cant correlations between the top 15 meiofauna taxa 
and selected abiotic variables . The distribution for each 
of these taxa except Gromiidae was presented above 
under the sections on Foraminifera and Nematoda . 

Distance from shore and depth were both in-
versely correlated with the nematode Sabatieria during 
all three cruises . During Cruises I and II the presence of 
hypoxic bottom conditions was inversely correlated and 
sorting coefficient was directly correlated with Sabatie-
ria . Salinity was found to be inversely correlated with 
Sa6atieria during Cruises I and III . Therefore, as dis-
tance from shore, depth, and salinity decreased and the 
sediments became more sorted, Sabatieris increased . 
Under hypoxic bottom conditions, which were encoun-
tered during Cruises I and II, Sabatieria increased . 

None of the abiotic variables were found to 
be significantly correlated with Bolivina lowmani for 
more than one cruise . This was also the case for the 
Gromiidae . In fact during Cruises I and II there was 
little correlation with any variable . Fewer Gromiidae 
were collected in Cruise III, which may account for the 
increase in significant correlations ; these appear to be 
spurious . 

A similar situation was found for the nema-
tode Dorylaimopsis . No abiotic variable was consis-
tently correlated with Dorylaimopsis except median 
grain size, which was inversely correlated with this 
taxon during Cruises II and III . Depth was inversely 
correlated with the nematode family Cyatholaimidae 
during Cruises II and III, and ethane and propane were 
inversely correlated with this family during Cruises I 
and III . Thus, as depth, ethane, and propane increased, 
Cyatholaimidae density decreased . 

The nematode Theristus was inversely corre-
lated with hypoxic bottom conditions and directly corre-
lated with temperature during Cruises I and II . During 
Cruises I and III distance from shore, distance from the 
Mississippi River, salinity, ethane, propane, and the 
contamination index were inversely correlated with The-
ristus. For all three cruises, depth was inversely corre-
lated with this taxon . During Cruises II and III median 
grain size and lead were inversely correlated with Theris-
tus . Therefore, as distance from shore and the Missis-
sippi River, depth, salinity, median grain size, ethane, 
propane, the contamination index, and lead decreased 
and temperature increased, the number of Theristus in-
dividuals increased . Note that Theristus appeared to in-
crease in numbers under hypoxic bottom conditions . 

Distance from shore, depth, and salinity were 
all directly correlated with the foram Buliminella mor-
gani in Cruises I and III, as was chitin degradation . 
Temperature was inversely correlated with B. morgani 
in Cruise I and directly correlated in Cruise III . The het-
erotrophic process was directly correlated with this spe-
cies during Cruise II and inversely correlated with it in 
Cruise III . Thus, as distance from shore, depth, salinity, 
and the presence of chitin degradation increased, B. 
morganiincreased . 

The nematode family Linhomoeidae was in-
versely correlated with depth during Cruises II and III ; 
it was directly correlated with distance from shore in 
Cruise II and inversely correlated in Cruise III . Depth 
was directly correlated with the foram Nonionella ba-
siloba in Cruises I and III . Choniolaimidae was found 
not to be consistently correlated with any abiotic varia-
ble for more than one cruise . 

Both distance from shore and depth were in-
versely correlated with Terschellingia density during all 
three cruises . Distance from the Mississippi River, salin-
ity, and D.O . were inversely correlated with this taxon 
during Cruises I and III . Temperature was directly cor-
related in Cruises I and II but inversely correlated in 
Cruise III . Cadmium was directly correlated with Ters-
chellingia in Cruises x and III, and presence of hypoxic 
bottom conditions was inversely correlated with it dur-
ing Cruises I and II . Therefore, as distance from shore 
and the Mississippi River, depth, salinity, and D.O . de-
creased and hypoxic bottom conditions and cadmium 
increased, the density of Terschellingia increased . 

During all three cruises, the density of Am-
monia beccarii was inversely correlated with distance 
from shore and depth . Salinity was inversely correlated 
with this taxon during Cruises I and III, and hypoxic 
bottom conditions were inversely correlated during 
Cruises I and II . Temperature was directly correlated 
with A . beccarii during Cruises I and II, but inversely 
correlated in Cruise I :[I . As distance from shore, depth, 
and salinity decreased and presence of hypoxic bottom 
conditions increased, the density of A. beccarii in-
creased . 

Percent sand and marine agar counts were di-
rectly correlated and percent silt was inversely corre-
lated with Chromadoridae during Cruises I and III . 
Chromium, lead, and zinc were inversely correlated dur-
ing Cruises I and III . Thus, as percent silt, chromium, 
lead, and zinc decreased and percent sand and marine 
agar counts increased, Chromadoridae density 
increased . 
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TABLE 112. Significant correlation coefficients between Cruise I top meiofauna 
faze and selected physical and chemical variables 

Taxa 

ariabl e' 
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ti .y 
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d of 
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N 
V 
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~7 
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I - 
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N ,` '7 
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v 
- 

DSHORE 
- - - 
-0 .52 """ 

- 
-0 .65 """ 0 .55 "` " -0.7' """ -0 .44"" -0 .55 """ 

DMISS -0 .46 "" -0.66 """ 

BDEAD -0 .45 "" -0 .68 """ -0.50"" -0.88 """ -0.43 "" 

DEPTH -0 .47 "" -0 .65 """ 0 .61 """ 0.41 " -0.77 """ -0.50"" -0 .45 "" 

SALIN -0 .50 "" -0 .48 "" 0 .78 """ 0.53 """ -0.43 "" -0.45 "" -0 .65 """ 

TEMP 0 .45 "" 0 .57 """ -0 .75 """ -0.52 """ 0.67""" 0.44"" 0 .56 """ 

DO -0 .46 "" -0 .45 "" 

SAND 0 .42 " 

SILT 0 .45 "" -0.51-- 

CLAY 0 
STD 0 .44 "" 0 .50 "" 0 .65 """ 

SKEW 0.49 """ 

TOC 0.49 "" 

ETHANE -0 .79 " -0 .79- 

PROPANE -0 .78 " -0 .77- 

Cl 0 .77 " -0 .77 " 

LTI 0 .59 """ -0.56 """ 

LT2 -0.42 "" 

CPIA 0 .45 "" 

LMA 0.55 " 

LCHI 0.50. 0.46" -0.57"" 
LHET 0 .56 . 0 .54 . 0 .60"" 0 .38 "" 

LSOX U " 44' 
LCD 0 .52""" 0 .62 """ 

LCR 0.42. 0 .47 "" 0 .41 " -0.58 """ 

LCU 0.49 "" 

LNI 0 .46 "" 

LPB 0.32 """ -0 .64""" 

LZN -0 .40- 

LEA 0 .43 "" 0.53 """ 0 .30"" 

See Table 102 for explanation of the variable code . 
-Denotes level of significance G 0.03. 

--Denotes level of significance G 0.01 . 
-Denotes level of significance t 0.001 . 

TABLE 113. Significant correlation coefficients between Cruise II top meiofauna 
taxa and selected physical and chemical variables . 

Tie 

Variable' 4 ~ O C Cl F 

.~ 

~ 

a 

.a 

3 

2 

~ 

~ F. 

O 

1+ 

DSHORB -0 ."2 0." 3 """ -0.36""" -0. " 3 """ 
BDBAD -0 .42 -0 .42 """ -0 .43""" -0.62""" -0.47""" 
DEPTH -0 ."S -0 .K """ -0 .47 """ -0 .19""" -0.33 """ -0.33""" -0.43 """ 
TEMP 0 .41 """ 0.48 "" ' 0.36""" 0.47""" -0.46""" 
SAND 0 .32'"" 
CLAY -0.W """ 
SMELT -0 .43 """ -0.42. . . 
MEDIAN -0 .41 . . . -0 .37 """ 
STD 0 .43""" 0 .41 "" ' 
LT2 -0.JO' "" 
LMA -U"30" '0" 

-0.87 "" -0.79" . 

LCHI O.SS" 0 .59" 0.37"" 0.73 """ 
LHET 0.37 "" 
LSOX 
LCR -0.4A""" -0.11""" 
LPB -0.49""" 

'See Table 102 for explanation of the variable code. 
"Dmota keel of si`nifiunee < 0.03 . 
~~Denotes IC~CI of significance L 0.01 . 

-Denotes keel of significance t 0.001 . 
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TABLE 114. Significant correlation coefficients between Cruise III top meiofauna taxa and selected physical and chemical variables. 
rya 

.y 

d 9 q ~ u .°° ° o F ~ b :S .a a 
.a ,s 

E 

~~ y u . ,= C 
,O .C G T+ ~p W .R^ O .E 
~, E ~ .y ,~ E c ~ v r7 

Variable' ~ ~ ° c o 6 T u ~ ~ ° .e° c ~ c ~ c :~ E ro pr 

DSHORE -0.63""" �, ~1 'c V (" ~ "a 2 U DMISS 0.64 -0.62... -0 .66... 0.41 " -0.67... ... U ~�, ya 
DEPTH -0.65... ... -0.42" -0.54... 

0.52 -0.78.. . 0.74-* -0.<S.. SALIN -0.53000 0.44"x 
-0 .610ss -0.75*** 0.50"" -0 .77.x . 0.51*ss 0.81~~~ _0 .82.. TEMP -0.78"" x -0 .48"" ".. 0.42" -0.65~~~ 0.70"~~ 

-0.41 
- 

-0.46" -0.57..~ _0.57~~~ -0 .45s0 -0.S1 "" 
SAND 0.50"" -0 .47"" -0.46" ... -0.43"" -0.44"" -0.46.. 
SILT 0.47' " -0 .54

... -0 .60""" -0 .41 
CLAY 

0 .63 

SMELT -0.43 "" -0 .54*s* -0.55 "" -0.41 . 
0 .88*** 0 .661 "1 

MEDIAN -0.46 "" -0.57""" -0 .89 " x " -0.60""" 

STD -0.52*** -0.42*0 
-0 .54'** -0.31~~~ -0.54s11 

TOC -0.41 . 0.41 " -x .59 . . . -0 .42, 

ETHANE -0 .54 """ -0.520 "0 0.47"" 
-0 .85 "" -0,65 """ 

PROPANE -0.54 . .. -0 .SO"" -0 .42 " -0.72. .. .. . -0.4N -0.81 . . . . . 
CI 0.46*0 

-0.50" x -0,42** -OJ2*** -0 .66*0r -0 .520** -0 .50" 
-0.61 

CP1A -0.59' .x -0 .66.. . 
-0.59. .. -0 .52 . . . _O.SO . . 

LOA 
LMA 

-0.44*0 -0.41" 

LHET 
-0.57~" ~ -0.49. 

0.6700* 0.47. 0.31 . 0.43"" 0.42"" + 
-0.~.. 

LSOX -0 .48 -0.45 
0.46.. 

LCD -0,67""" 
0, -0.41" .41 -0.75""" _0.67"+ LCR -0'62*** -0 .43"" 0.47"" ... 0.43' " LCU 

-0.Sl ""~ -0.45"" ~~~ 0.50"" 0.61't" -0.32"" LIFE 
-0JZ ... -0.70... -0.30". LNI 0,41 " -0.61""" -0 .72"" LPB '~~~"' -0 .48" -0 .70... -0 .51"" -0 .42" LZN -0.44' "" -0.30" 0.40 -0 .53""" -O J2""" See Table 102 for explanation of the variable code . -0-0.45 "" 

~~s 'Denotes level of significance < 0.05. "Denotes level of significance < 0.01. 
0"Denotes level of significance C 0.001 . 



None of the abiotic variables was signifi-
cantly correlated with the nematodes Tricoma and 
Sphaerolaimus during more than one cruise . 

b. Macroinfauna 
Tables 115, 116, and 117 present the signifi-

cant correlations between the top ten macroinfauna taxa 
and selected abiotic variables . Distribution for each of 
the taxa, except Rhynchoccela and Corbula contracts, 
was presented above under the section on Polychaeta . 

Distance from shore and depth were inver-
sely correlated and smectite was directly correlated with 
the polychaete Paraprionospio pinnate during Cruises I 
and III . Salinity was inversely correlated with this spe-
cies during Cruises II and III . Thus, as distance from 
shore, depth, and salinity decreased and smectite in-
creased, the number of P . pinnate increased . 

Distance from shore and salinity were inver-
sely correlated with the polychaete Sigambra tentaculata 
during Cruises I and III, as was depth for all three 
cruises . Presence of hypoxic bottom conditions was in-
versely correlated with S. tentaculata during Cruises I 
and II . During Cruises I and II temperature was directly 
correlated with this species but inversely correlated dur-
ing Cruise III . Therefore, as the distance from shore, 
depth, and salinity decreased, the number of individuals 
of S. tentaculata increased. This polychaete also ap-
peared to increase under hypoxic bottom conditions . 

The polychaete Cossura delta was directly 
correlated with salinity during Cruises I and III . 

Temperature was inversely correlated with this taxon 
during Cruises I and II but inversely correlated in Cruise 
III . During Cruises I and II, C. delta was directly corre-
lated with the chitinous degrading processes . 

Distance from shore and depth were inver-
sely correlated with Magelona phyllisae during Cruises 
II and III . This species was inversely correlated with sa-
linity during all three cruises . Temperature was directly 
correlated with M. phyllisae during Cruises I and II but 
inversely correlated during Cruise III . 

The polychaete Nephtys incise was directly 
correlated with distance from shore and TOC during 
Cruises I and III and inversely correlated with tempera-
ture during Cruises I and II . For all three cruises, N. in-
cisa was inversely correlated with percent sand and me-
dian grain size and directly correlated with percent silt . 
As distance from shore, percent silt, and TOC increased 
and percent sand decreased, the number of N. incisa in-
creased . 

Corbula contracts, a bivalve, was directly 
correlated with distance from shore, depth, and D.O. 
during Cruises I and III and inversely correlated with 
cadmium during Cruises I and II . As distance from 
shore, depth, and D.O . increased and presence of cad-
mium decreased, the density of C. contracts increased. 

Distance from shore and depth were directly 
correlated and percent clay, smectite, and the heterotro-
phic bacterial process were inversely correlated with the 
polychaete Lum6rineris tennis during Cruises I and III . 
Salinity was directly correlated with L. tennis during 

TABLE 115 . Significant correlation coefficients between Cruise I top nine 
macroinfauna taxa and selected physical and chemical variables . 
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DSHORE -0.33""" -0 .64""" 0.30" 0.15"" 0.73"" ' 
DMISS 0.63 """ 
BDEAD -0.70""" -0 .<9 "" 0 .65 """ 0.91 """ 0.46 "" 
DEPTH -0.66""" -0 .64""" 0.53""" 0.83""" 0.45"" 
SALIN -0 .7< """ 0.66""" -0 .67""" 0 .53""" 0.49 "" 
TEMP 0.57""" 0.67""" -0.43"' 0.83""" -0 .43"" -0.14"" -0.70""" 
p0 -0.41 . 0 .54 """ 
SAND -0.<3"" -0 .76 """ 0.66""" 0 .80' "' 
SILT 0.47"" 0 .83 """ -0.36""" -0 .80""" 
CLAY 0.44"" -0.31 "" -0.41"" 
SMECT 0.42" -0.40" -0.51"" -0 .45"" 
MEDIAN 0 .42"" 0 .72 """ -0 .60' "" -0 .78""" 
STD 0.33""" 0.63""" -0.50"" -0.49"" 
TOC 0 .70 """ -0.42 "" -0 .65""" -0 .68' "" 
SKEW -0.3J """ 0 .72 """ 
LTI 0 .48' " 0 .39 """ -0 .00 "" 
LT2 0.46"" 0.49"" -0 .17"" -0 .51 "" 
CPIC -0 .41- 
LOA 0 
LMA -0.70""" 0 .45" -0.46 "" 
LS04 0 .48 "" 
LCHI 0.37"" -0.78""" -0.41" 
LHET 0 .33 " -0 .30" 
LPRO 0.16. 0.67""" -0.67""" -0 .53" 
LSOX 0.55" 
LCD 0 .63 """ -0.35 """ -0 .76""" -0 .53 """ 
LCR 0.47"" 0.78""" -0 .47"" -0 .80""" 
LCU 0.07" -0 . "7"" -0 .69""" -O .BO""" -0.61' "" 
LFE 0.31 """ 0 .42 " -0.57 """ 
LNI -0 .69""" -0 .63 """ -0.49 """ 
LP8 0.86 -O.dB "" -0.82 """ 
ZN 0 .11 . 0.60""" -0 .43"" -0 .52""" -0 .6i """ -0.6 """ 
See Table 102 for explanation of the variable code. 
"Dmotn level of significance f 0.03 . 
"" Denotes Itvel of significance < 0.01 . 
"̂Denota level of significance < 0.001 . 
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TABLE 116. Significant correlation coefficients between Cruise II top nine 
macroinfauna faze and selected physical and chemical variables. 

Tar 

riable' 

O 
a 
O 
O 

~4 m 
N~ C 

~ a 

r 
v ~ 

~ ~ 
to 
V 

"' " 

~ 
C y 
U a 

t+ 

v ̂' 
N~ i~^a 
~ 

, 

t 
4 u 
G 2 

~ 

O pC C~ v 

'y 

C 

~ 4 v ~ 
C ~ 
~ E 

u 
2 

DSHORE 0.07""" -0 .59 """ 
BDEAD -0 .42 """ 0.42""" -0 .47 """ 0 .50""" 
DEPTH -0 .44 """ 0.43 """ -0 .38 """ 
SALIN -0 .60""" -0 .60 """ 0 .42' "" 
TEMP 0.57 """ -0.58"" ' 0 .68 "" -0.41 """ 
SAND -0.52" ' " 0 .50""" 0.61 """ 
SILT 0 .58 """ -0 .43' "" -0.60"" 
MEDIAN 0.44""" -0 .52 """ -0.61 "" 
TOC -0 .44 """ -0.60""" 
CPIB 0 .42 """ 
LMA -0.54""" -0 .42 "" -0.44"" 
LCHI 0.68 " ' " -0 .68""" 0 .52 . 0 .83' "" 0.82""" 0 .84 """ 0 .65 "' 
LHET O.S4" 
LPRO 0.60"" 
LCD -0 .43'"" -0.48""" 
LCR - .043""" -0.45'"" 
LCU -0.a9""" -0 .54 """ 
LIFE -0.46 """ 
LNI -0.53""" -0.55""" 
LPB 0 .40""" 
LZN -0.49- 
'See Table 102 for explanation of the variable code . 
"Denoas level of significance < 0.05. .: 
Denotes level of significance L 0.01. ... 
Denotes level of significance < 0.001 . 

TABLE 117. Significant correlation coefficients between Cruise III top nine 
macroinfauna take and selected physical and chemical variables . 
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Cruises I and II . Cadmium, copper, and nickel were was inversely correlated with this genus during Cruises I 
inversely correlated with this species during all three and II and lead was inversely correlated with it during 
cruises and zinc was inversely correlated during Cruises Cruises I and III . Total unsaturated hydrocarbons were 
I and III . Therefore, as distance from shore, depth, and also inversely correlated with Nereis during Cruises I 
salinity increased and percent clay, smectite, heterotro- and III . As percent sand increased and percent silt, me-
phic bacterial processes, cadmium, copper, nickel, and dian grain size, TOC, total unsaturated hydrocarbons, 
zinc decreased, the density of G. ten uis increased . chromium, copper, iron, lead, nickel, and zinc de-

Percent sand was directly correlated and creased, density of Nereis increased . 
percent silt, median grain size, and TOC were inversely 
correlated with the polychaete Tharyx marioni during c. Macroepifauna and Demersal Fish 
all three cruises . Percent clay was inversely correlated Tables 118, 119, and 120 present the signifi-
during Cruises I and III . Chromium, copper, iron, lead, cant correlations between selected dominant and com-
and zinc were inversely correlated with T. marioni dur- mercially important macroepifauna and demersal fish 
ing Cruises I and III . Therefore, as percent sand in- taxa and selected abiotic variables . Distribution for each 
creased and percent silt, percent clay, median grain size, of the taxa was presented above under the sections on 
TOC, chromium, copper, iron, lead, and zinc de- Decapoda and Osteichthyes . 
creased, the density of T. marioni increased. The demersal fish Prionotus rubio was di-

The polychaete genus Nereis was directly rectly correlated with D.O., percent silt, median grain 
correlated with percent sand and inversely correlated size, ethane, propane, the contamination index, and 
with percent silt, median grain size, TOC, chromium, iron and inversely correlated with marine agar counts 
copper, iron, and zinc during all three cruises. Nickel during Cruises I and III . Heterotrophic activity was 

TABLE 118. Significant correlation coefficients between Cruise I selected dominant and commercially 
important macroepifauna and demersal fish and selected physical and chemical parameters 

Taxa 

Variable 
DSHOR[ 
BUEAU 
DEPTH 
SAL.IN 
TEMP 
DO 
SAND 
SILT 
CLAY 
SMELT 
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TOC 
ETHANE 
PROPANE 
CI 
LTI 
LT2 
LOA 
LMA 
LCH I 
LHET 
LSOX 
LCD 
LCR 
LCU 
LIFE 
LNI 
LPB 
LZN 
LBA 
'See Table 1021 
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0.52* . . 
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-0.44"" -0.57 " ' " 

-0.92"' -0.93*** 
0.83s"'i 0 .85**" 
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-0.58'"' -0.65' "' -0.53"" 
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-0.41 

-0.72'*' 0.50"* 
-0.50" 
-0.42" 
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TABLE 119. Significant correlation coefficients between Cruise II selected dominant and commercially 
important macrcepifauna and demersal fish and selected physical and chemical variables. 
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O .C C ~ v ~ ~ C G C v °' R ~ R 

` acc U~ ~A a~ a y 
Variable 
DSHORE 0.69"" ' 0 .51 """ 
DMISS 0.44' "" 
BDEAD 0 .64 """ 
DEPTH 0.70' "" 0 .64 """ 
SALIN 0 .52""" 0 .46"' -0.60"' 
TEMP -0 .66' " ' -0 .74 """ 
DO -0 .58 """ -0.48 """ -0.47- 
SAND 0.41' "" 
CLAY 0.43""" 
SMECT 0.43""" 
MEDIAN 0.40""" 
TOC 0.41 . . . 
LMA 0.49 """ 
LCHI 0 .50 "" 0.83 """ -0 .70"" -0.70" " 0.80" ' " -0 .46 " ' 
(.NET 0 .68 """ -0 .63 "" ' -0.60' "" 
LPRO 0.77 "" ' -0 .43 "" 
LSOX -0 .52 " ' " 0 .48 " ' 0.49"" 
LCD 0.60' " ' 0 .47'x " 
LPB 0.32""" 
LZN 0.48' "" 
See Table 102 for explanation of the variable code. 
-Denotes level of significance G 0.03. 

''Denotes level of significance < 0.01 . 
'''Denotes level of significance G 0.001 . 

TABLE 120. Significant correlation coefficients between Cruise III selected dominant and commercially 
important macroepifauna and demersal fish and selected physical and chemical variables. 
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DSHORE 0 .69 """ -0.51 "" ' 0 .53 . . . -0 .51 """ 
DMISS 0 .59 """ 
DEPTH 0 .76 """ 0.55' "" 0.48 " ' -0 .34 """ 0 .56"" ' -0 .77""" 
SALIN 0.69 "" -0.94 """ 
TEMP 0 .43 "" 0.49 "" -0.94 """ 
DO 0 .65 """ 
SAND -0.46 "" -0.60""" 0 .70 " ' " 0.59 "" ' 0 .69" " 
SILT 0.52 "" ' 0.63' "" -0 .65 """ 0.66 """ -0.78 " ' " -0 .48 "" -0 .65" "" 
CLAY -0 .55 """ -0.54 " ' " -0 .52" ' " 
SMECT -0.42' -0 .52" ' " 0 .52""" 
MEDIAN 0.47 "" 0.61 """ -0 .69 """ 0.61' "" -0.77' " ' -0 .61' "" 
TOC 0.42 . 0.76 """ -0.59 " ' " -0 .58""" -0 .50"" 
ETHANE 0.%""" 0.90 """ -0 .46 "" 0.51 """ -0 .50"" -0 .55 """ 
PROPANE 0.%" ' " 0.90""" -0 .46 "" 0.51 """ -0 .51 "" -0 .56""" 
CI -0.93""" 0.93 """ -0 .59 """ 0.44 " -0.44 " -0 .47"" 
LT2 -0.47 "" -0.62- 
LOA 0.37 """ -0 .54 """ -0.62' "" -0 .60""" 
LMA -0.44' " -0.57 """ 0 .48"" 
L504 -0 .51' "" 
LHET 0 .45 "" 0.66 """ -0.89 """ 0.42 " -0.89' " ' -0 .81 """ 0 .43'" 
LPRO -0.41 . 0.51 """ -0 .61 """ 
LSOX -0 .60""" 
LCD -0 .63 """ 0 .57 "" 
LCR 0 .35 """ 0.51 "" 0.52 """ -0.48 "" -0 .70""" -0 .44"" 
LCU -0 .47 "" -0.65 "" ' -0 .77 """ 0 .47"" 
LIFE 0 .44"" 0 .45 "" 0 .41' 
LNI -0 .47 "" -0.58 """ -0 .72""" O .SO"" 
LPB 0 .67""" 0.61 "" ' -0.44 "" 0.59 " ' " -0.49 "" -0 .59""" 
LZN 0.50 "" 0.35 """ -0 .61 """ -0 .66""" 
LBA 0.56 """ -0.53 """ 

i 'See Table 102 (or explanation of the variable code . 
"Denoles level of significance L 0.03 . '''Denotes level of significance L 0.001 . 

"" Denotes level of significance G 0.01 . 
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directly correlated with P. rubio during Cruises II and 
III and sulfate oxidation was inversely correlated with it 
in Cruises I and II . 

Percent silt, median grain size, oil agar 
counts, iron, ethane, propane, and the contamination 
index were directly correlated with Halieutichthys acu-
leatus during Cruises I and III . Depth was directly cor-
related with this species during all three cruises . Dis-
tance from shore and salinity were directly correlated 
and temperature inversely correlated during Cruises I 
and II . Heterotrophic activity and chromium were in-
versely correlated with H. aculeatus during Cruise I but 
directly correlated in Cruise III . Sand was directly corre-
lated with this species in Cruise I but inversely corre-
lated in Cruise III ; the reverse was true for TOC. 

Micropogon undulatus was directly corre-
lated with temperature and inversely correlated with 
percent silt, median grain size, oil agar counts, copper, 
and nickel during Cruises I and III . Temperature, per-
cent silt, and median grain size were directly correlated 
and marine agar counts were inversely correlated with 
Leiostomus xanthurus during Cruises I and III . Chitin 
degradation was inversely correlated with this species 
during Cruises I and III . 

Percent silt, median grain size, oil agar 
counts, copper, nickel, and total unsaturated hydrocar-
bons were inversely correlated with Cynoscion arenarius 
during Cruises I and III . Chitin degradation was inver-
sely correlated with C. arenarius during Cruises I and II 
and heterotrophic activity was inversely correlated with 
it during Cruises II and III . 

Marine agar counts were directly correlated 
and distance from shore, depth, salinity and iron were 
inversely correlated with Menticirrhus americanus dur-
ing Cruises I and III . Temperature and TOC were di-
rectly correlated with M. americanus during Cruises I 
and II, respectively, but both were inversely correlated 
during Cruise III . 

Penaeus aztecus was inversely correlated 
with percent silt, total unsaturated hydrocarbons, oil 
agar counts, cadmium, copper, and nickel during 
Cruises I and III . Median grain size was inversely corre-
lated with P. aztecus during Cruises I and III but was 
directly correlated during Cruise II . Distance from 
shore, presence of hypoxic bottom conditions, depth, 
and salinity were inversely correlated with P. aztecus 
during Cruise I, but directly correlated in Cruise II . The 
reverse was true for temperature . Percent clay was di-
rectly correlated with P . aztecus in Cruises I and II, but 
inversely correlated in Cruise III . Smectite was directly 
correlated with this species in Cruise II, but inversely 
correlated in Cruise III . Chitin degradation, chromium, 
lead, and zinc were inversely correlated with P . aztecus 
during Cruise I ; all except chromium were directly cor-
related in Cruise II, and chromium and zinc were inver-
sely correlated during Cruise III . 

Distance from shore and depth were inver-
sely correlated and copper and nickel directly correlated 
with P. setiferus during Cruises I and III . Cadmium was 
directly correlated with this species during all three 
cruises, and salinity and chitin degradation were inver-
sely correlated in Cruises I and II . 

3. Correladons with Taxa Groups Delimited in 
Cluster Analysis 
Tables 60, 76, and 101 above present the 

associations between meiofauna, macroinfauna, and 

macroepifauna and demersal fish Taxa Groups (deli-
mited in Cluster Analysis above) over all cruises and the 
respective site preferences . In general, most of the taxa 
in these associated Taxa Groups tended to group to-
gether over all cruises and to prefer the same environ-
ment as exemplified by certain site preferences . There-
fore, it has been assumed that the response of these re-
lated Taxa Groups to the various abiotic variables 
should be similar. Again, consistency of a correlation 
over more than one cruise was assumed to imply credibi-
lity of the correlation . 

a. Meiofauna 
Tables 121, 122, and 123 present the signifi-

cant correlations between the meiofauna Taxa Groups 
(from cluster analysis) and selected abiotic variables . 
Taxa Group Association No . 1 (see Table 60 above) was 
inversely correlated with depth and salinity in Cruises I 
and III and inversely correlated with distance from 
shore during all three cruises . Thus, as distance from 
shore, depth, and salinity decreased, the density of 
members of Taxa Group Association No. 1 increased . 
Note that no significant correlations were calculated for 
Cruise I Taxa Group IA . 

Taxa Group Association No. 2 (see Table 60) 
was directly correlated with distance from shore, depth, 
and D.O . in Cruises I and III . During Cruises I and II, 
the number of individuals of the Taxa Group Associa-
tion No. 2 decreased under hypoxic bottom conditions . 
Temperature was inversely correlated during Cruises I 
and II, but directly correlated in Cruise III . Percent 
sand was inversely correlated with Taxa Group Associa-
tion No . 2 in Cruise I but directly correlated in Cruise 
III . The reverse was true for percent silt . Counts of ma-
rine agar bacteria were inversely correlated during 
Cruise II, but directly correlated in Cruise III . Note that 
no significant correlations were calculated for Cruise I 
Taxa Group 3 and few abiotic variables were signifi-
cantly correlated with Cruise II Taxa Groups 1, 2, and 
4 . As distance from shore, depth, and D.O . increased 
and temperature decreased, the density of Taxa Group 
Association No . 2 increased . Hypoxic bottom condi-
tions tended to decrease density. 

Taxa Group Association No. 3 (see Table 60) 
was inversely correlated with distance from shore, 
depth, and salinity during Cruises I and III . Tempera-
ture was directly correlated in Cruise I but inversely cor-
related in Cruise III . The reverse was true for marine 
agar counts . As distance from shore, depth, and salinity 
decreased, the density of Taxa Group Association No . 3 
increased . 

b. Macroinfauna 
Tables 124, 125, and 126 present the signifi-

cant correlations between the macroinfauna Taxa 
Groups (from cluster analysis) and selected abiotic vari-
ables . Table 76 above presents the associations between 
Taxa Groups and site preferences . 

Taxa Group Association No . 1 was inversely 
correlated with distance from shore, depth, and salinity 
over all three cruises and inversely correlated with the 
presence of hypoxic bottom conditions for Cruises I and 
II . Temperature was directly correlated with Taxa 
Group Association No. 1 during Cruises I and II but in-
versely correlated during Cruise III . Therefore, as dis-
tance from shore, depth, and salinity decreased and 
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TABLE 121 . Significant correlation coefficients between Cruise I meiofauna taxa 
groups and selected physical and chemical variables . 

Taxa 

Variables 1 IA IB IC 2 3 3A 3B 4 5 6 7 8 
DSHORE -0 .71 """ 0.56 "'" 0 .67 """ -0 .41 "" -0.77 """ 
DMISS 0.43 "" -0 .52 """ 0 .46"" 0 .63 """ -0 .42" 
BDEAD -0 .62""" 0.52 """ 0 .62 """ -0 .43 "" -0.74 """ 0.56 """ 
DEPTH -0 .65""" 0.52 """ 0 .61 """ -0.88 """ 0.53 """ 
SALIN -0 .59""" 0 .48 "" 0.56 """ -0.84 """ 
TEMP 0 .67""" -0.57 """ -0 .63 """ 0.44 "" 0.87 """ -0.43-- 
DO 0.45 "" -0 .64 """ 
SAND -0.41 . 0.56 """ -0.67 """ 
SILT 0.54 ""- 0 .42 "" -0.65 """ -0.56 """ 
CLAY 0.52 """ -0.53 """ 
SMECT 0 .42" -0.52 """ 
MEDIAN -0.51 " -0.66 """ 
STD 0 .52""" 0.60""" 
SKEW 0.37 """ 
TOC -0.44 "" -0.62 """ 
ETHANE -0.83-- 
PROPANE -0.84-- 
Cl -0.85^ 
LT 1 -0.60 """ 
LT2 -0.56 """ 
CP 1 A 0 .41 
CPIC 0 .42 " 
LOA 0.40 " 
LMA -0.72 """ 
LS04 -0 .48" -0 .38"" 
LCHI 0 .69 """ 0 .45 . 0 .62"" -0.50 " 
LHET 0 .56 . 0 .52 " 
LPRO -0.74 """ -0 .63 "" 0.61 "" 
LSOX 0 .46" 
LCD 0 .44 "" -0 .43 "" O.55""" -0.35 """ 
LCR -0.71 """ -0.44 "" 
LCU -0.77 """ 
LIFE -0.49 """ 
LNI -0.71 """ 
LPB -0.43 "" 0.53 """ 0 .45 "" -0 .41 " -0.74 """ -0.49 "" 
LZN 0 . 52- - .57 """ -0.63 - "" 
See Table 102 for explanation of the variable code. 

" Denotes level of significance G 0.03 . 
--Denotes level of significance < 0.01 . 

'''Denotes level of significance L 0.001 . 

TABLE 122. Significant correlation coefficients between Cruise II meoifauna taxa 
groups and selected physical and chemical variables. 

Variable' 1 2 3 4 S 
DSHORE -0.42 " '" 
BDEAD 0.45' " ' 
TEMP -0.50 ""* 
SMECT -0.48"" 
ETHANE 0.50" 
PROPANE 0.42* 
CI 0.54" 
LMA -0.46** 
LCHI 0.55* 0.73'*" 0.58"" 0.73' "' 
LCR -0.45' -0.47"" 
See Table 102 for explanation of the variable code. 
'Denotes level of significance G 0.05 . 

"Denotes level of significance G 0.01 . 
'''Denotes level of significance G 0.001 . 
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TABLE 123. Significant correlation coefficients between Cruise III meiofauna 
taxa groups and selected physical and chemical variables. 

axa Groups 
Variables 1 LA 1C 2 2A 3 4 

DSHORE -0.72""" 0.65* "" -0.65*" 0.50"" -0.65"' " 
DMISS -0.49"" 
DEPTH -0.76" " 0.68 " * " -0.66" '" 0.46** -0.68' " * 
SALIN -0.54"' 0.58*** -0.51" " -0.60"'" -0.79'"" 
TEMP 0.57*' " -0.45" ' -0.69*' " 
DO -0.56"" ' 0.46"' -0.49" 0.41' -0.49"* 
SAND 0.47" 0.75"" 
SILT -0.48* " -0.74""" -0.50"" -0.44"" 
CLAY -0.52' "" -0.46" -0.50'" 
STD -0.47 " ' -0.75'"" -0.51 """ 
TOC -0.58"' -0.40' -0.78""" -0.43"" -0.58"' 
LT2 -0.47** 
CP1A -0.47** 
LMA 0.56'* 0.60*' 0.52 . 0.58" 0.58' " 
LS04 -D.b0` 
LHET -0.61" " -0.64" 
See Table 102 for explanation of the variable code 
'Denotes level of significance < 0.05. 

''Denotes level of significance 4 0 .01 . 
-Denotes level of significance < 0 .001 . 

TABLE 124. Significant correlation coefficients between Cruise I macroinfauna 
taxa groups and selected physical and chemical variables . 

Taxa Groups 
Variable' 1 2 3 4 

DSHORE -0.74*** -0.78 " * " -0.62*** 
DMISS -0.43** 
BDEAD -0.76*** -0.56'** -0.41* 
DEPTH -0.81**' -0.70*** -0.62*" 
SALIN -0.64**" -0.82*** -0.85*"" 
TEMP 0.76*** 0.79**' 0.74** " 
DO 
SAND 0.46*** 0.90* " * 
SILT -0.60*** -0.44""" -0.90* " ' 
MEDIAN -0.42* -0.84* "" 
STD 0.57"** 0.45** 
SKEW 0.42" 0.49** 
TOC -0.45*' -0.84*** 
ETHANE -0.80* 
PROPANE -0.82* 
Ct -0.72* 
LTI -0.55*** -0.55*** -0.50" * 
LT2 -0.51*** -0.53'"" 
1.MA -0.48* 
L S04 0.51* 0.47' 
LCHI -0.60** -0.64** 
LPRO 0.65** 0.47* 
LSOX 0.50' 
LCD 
LC R -0.64*** -0.50** -0.75*** 
LCU -0.68*"` 
LFE -0.54 "* " 
LNI -0.59*** 
L P B -0.70 " ' " -0.54 "** -0.80' " * 
LZN -0.44** -0.43*' -0.82 "" 
'Sec Table 102 for explanation of the variable code 

"Uenotes level of significance 4 0 .05 . * : 
Denotes level of significance < 0 .01 . 

-Denotes level of significance S 0 .001 . 

5 
0.67" '" 
0.62*** 
0.60 "" 
0.58**' 
0.43* " ' 
-0.60*** 
0.40* 

-0.52"`** 
0.63 "** 
0.47*' 

-0.45 
0.42"" 

-0.47* 

-0.72*** 

-0.44ss 

0.70** * 

130 



TABLE 125. Significant correlation coefficients between Cruise II macroinfauna 
taxa groups and selected physical and chemical variables. 

Taxa Groups 

Variables IA 1B 2 3 4 5 6 
DSHORE -0.63*** 0.46'"" 
DMISS 0.55* " * 
BDEAD -0.53*** 0.45*'* 0.40** " 
DEPTH -0.67*** 
SALIN -0.59*** 
TEMP 0.69*** -0.51"** 
SAND 0.57*'* 0.52 " ** 
SILT -0.51*** -0.49**" 
SMECT -0.43* 
MEDIAN -0.59** " 
TOC -0.57*** -0.52*** 
CPIA 0.56*** 
CP1 B 0.79*'* 
LMA -0.42*' -0.44 " ' 
LCHI -0.50* 0.84*"" 0.63"' 0.44* 0.65" 
I.HET -0.57' " 
LCD -0.42* -0.41 " 
LCR -0.64 " '* -0.57**" -0.56*** 
LCU -0.48""' -0.58"* " -0.45"' 
LIFE -0.44* -0.52** -0.73*** 
LNI -0.65*** 
LPB -0.48** 
LZN -0.47" 
See Table 102 for explanation of the variable code . 
*Denotes level of significance 4 0 .05 . 
-Denotes level of significance -4 0 .01 . 
-Denotes level of significance < 0 .001 . 

TABLE 126. Significant correlation coefficients between Cruise III macroinfauna 
taxa groups and selected physical and chemical variables. 

Taxa Groups 
Variables 1 lA 1B 2 3 4 5 
DSHORE -0.78"* -0.78""* -0.69"" ' -0.64""" -0.59"" ' 0.41' 
DEPTH -0.82**' -0.82*'* -0.69*" -0.63*" -0.54*** 0.43' " 
SALIN -0.79+'s -0.77"* -0.85*" ' -0.88s "" -0.78"" * 
TEMP -0.65** " -0.63'"" -0.76*' " -0.83" '" -0.76*"" 
DO -0.63*** -0.63"** -0.56" " -0.48* " -0.43 "' 
SAND -0.56*** 0.80'"" 
SILT -0.46* " -0.43* " -0.48 " * 0.53'*' -0.74""" 
CLAY 0.46*' -0.62s " ' 
STD 0.53" "" -0.75* "" 
SKEW 0.42* 
TOC 0.54"** -O.SI*'* -0.61* "' -0.42"" -0.59' "" 
LT2 -0.54* "* 
LOA -0.57" 
LMA 0.54* 0.53* 0.52* 0.49* 
LS04 -0.49* -0.55* -0.49* 
LHET 0.46 " -0.85""" 
LPRO -0.45 " 
See Table 102 for explanation of the variable code 
'Denotes level of significance 4 0 .05 . 

"Denotes level of significance 4 0 .01 . 
-Denotes level of significance G 0 .001 . 
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hypoxic bottom conditions increased, density of Taxa 
Group Association No . 1 increased . 

Distance from shore, depth, and salinity 
were inversely correlated with Taxa Group Association 
No. 2 during Cruises I and III . Temperature was di-
rectly correlated during Cruise I and inversely correlated 
during Cruise III . No Taxa Group indicated in Cruise II 
was similar to Taxa Group Association No. 2 (see Table 
76) . As distance from shore, depth, and salinity de-
creased, the number of individuals of Taxa Group Asso-
ciation No. 2 increased . 

Taxa Group Association No . 3 was directly 
correlated with sand and inversely correlated with silt 
and TOC during all three cruises . Chromium and iron 
were inversely correlated in Cruises I and II and chitin 
degradation was inversely correlated in Cruise I but di-
rectly correlated in Cruise II . Thus, as percent sand in-
creased and percent silt, TOC, chromium, and iron de-
creased, the density of Taxa Group Association No . 3 
increased . 

Distance from shore and presence of hy-
poxic bottom conditions were directly correlated and 
temperature was inversely correlated with Taxa Group 
Association No . 4 during Cruises I and II . Percent sand 
was inversely correlated while percent silt was directly 

correlated in Cruises I and III . As distance from shore 
and percent silt increased and temperature, percent 
sand, and hypoxic bottom conditions decreased, the 
density of Taxa Group Association No . 4 increased . 

c. Macroepifauna and Demersal Fish 
Tables 127, 128, and 129 present the signifi-

cant correlations between the macroepifauna and de-
mersal fish Taxa Groups (from cluster analysis) and se-
lected abiotic variables . Table 101 above presents the as-
sociation between Taxa Groups and site preference . 
There were few significant correlations between the 
macroepifauna and demersal fish Taxa Groups and the 
abiotic variables . 

Distance from shore and depth were directly 
correlated with Taxa Group Association No. 1 during 
all three cruises . Presence of hypoxic bottom conditions 
was directly correlated during Cruises I and II . There-
fore, as distance from shore and depth increased and 
presence of hypoxic bottom conditions decreased, the 
density of Taxa Group Association No. 1 increased . 

There were few significant correlations and 
no consistent correlations over more than one cruise for 
any of the Taxa Groups composing Taxa Group Associ-
ation No. 2 . 

TABLE 127. Significant correlation coefficients between Cruise I macrcepifauna and 
demersal fish taxa groups and selected physical and chemical variables. 

Taxa Groups 
Variables 1 2 3 4 
DSHORE 0.82 " -0.81* 
BDEAD 0.84'* 
DEPTH 0 .78* 
SALIN -0.71* 
CLAY 0.76* 
SMECT 0.80* 
STD 0 .74' 
SKEW -0.80* 
PROPANE 0 .72' 
LT2 0 .77* 
CP t A -0.79* 
LS04 0.72 " 
LPRO -0.77* 
LCD 0.78* 
LZN 0.81* 
See Table 102 for explanation of the variable code 
'Denotes level of significance < 0 .05 . 

**Denotes level of significance < 0 .01 . 
'"'Denotes level of significance < 0 .001 . 

132 



TABLE 128. Significant correlation coefficients between Cruise II macrcepifauna and 
demersal fish taxa groups and selected physical and chemical variables. 

Variables 1 2 3 4 5 6 7 8 
DSHORE 0.54** 0.62**' 0.54'* 0.78** " 
DMISS 0.46* 0.64*'" 
BDEAD 0.66' "" 0.66*' " 0.48' 0.48" 
DEPTH 0.54** 0.87*** 0.49' 0.91*** 0.66*** -0.42' 
SALIN 0.44 . 0.46* -0.61'* 
TEMP -0.69*** -0.82'** -0.62"' -0.20*" --0.61**' 
SAND -0.47" -0.55** 
SILT 0.45* 0.41' 
CLAY 0.44" 
SMECT 0.52* 0.54* 
MEDIAN 0.51* 0.62'*' 0.44* 0.43" 
TOC 0.46' 0.42 . 0.41' 
PROPANE 0.49' 
LT I 0.57 . 0.47' 
LCHI 0.78* 
LCR 0.68' " 0.66** 0.70*' 0.57. 0.50" 
LPB 0.56* 0.70* " 0.65' " 0.85*" 
LZN 0.51* 0.75**' 0.53* 0.69'* 0.62"" 
See Table 102 for explanation of the variable code . 
'Denotes level of significance S 0 .05 . 
''Denotes level of significance < 0 .01 . 

'''Denotes level of significance 6 0 .001 . 

TABLE 129. Significant correlation coefficients between Cruise III macroepifauna 
and demersal fish taxa groups and selected physical and chemical variables. 

Taxa Grou s 
Variables 1 2 3 4 
DSHORE 0.77* 
DEPTH 0.72* 0.76* 
TEMP -0.76' 
SKEW -0.76" 
LOA -0.86" * 
LS04 0.82 " 
LCH I 0.72 " 
See Table 102 for explanation of the variable code. 
'Denotes level of significance G 0.05. 
''Denotes level of significance < 0.01 . 

"'Denotes level of significance < 0.001 . 

133 



IV. DISCUSSION 

A. Factors Affecting Population Estimates 

1 . Sieving 
Only recently has the mesh size used to wash ben-

thic samples been considered important (Reish, 1959 ; 
Driscoll, 1964 ; de Bovee, Soyer, and Alber, 1974) . For 
macroinfauna, some studies have used a screen mesh 
opening as large as 2.2 mm and as small as 0.2 mm. For 
meiofauna, mesh sizes of 37 to 100p have been used (de 
Bovee et al ., 1974) . As the size of the mesh opening in-
creases the number of organisms decreases, and vice 
versa . As more organisms are retained, more time is in-
volved in processing the sample, with a resultant in-
crease in cost . Reish (1959), Driscoll (1964), and de 
Bovee et al . (1974) recommended various screen sizes 
depending upon the requirements of the study . 

Reish (1959), who considered mainly the mac-
roinfauna and the larger meiofauna, found that with a 
screen mesh size of 1 .4 mm, 92% of the biomass was 
collected . The percentage increased as mesh size de-
creased . With a screen mesh of 0.50 mm, 68.8% of the 
number of individuals were collected and with a mesh of 
0.27 mm, 92% of the number of individuals were re-
tained . Driscoll (1964) reported that 98% of the orga-
nisms that were larger than a mesh of 0.25 mm were re-
tained . De Bovee et al . (1974) found that over 90% of 
the meiofauna was retained by the 63-, 80-, and 100-p 
screens and recommended the routine use of the 63-N 
mesh for a quantitative survey of both numbers and bio-
mass . Furthermore, 100% of all taxa except Nematoda 
and Kinorhyncha were collected on the 63-p screen . 

Requirements of this study dictated a quantita-
tive determination of the benthic infaunal populations . 
For meiofauna, the size range was 0.062 to 0.500 mm. 
Two U.S.A . Standard Testing Sieves made by Neward 
Wire Cloth Co., No . 230 (0.062 mm) and No. 35 (0.500 
mm) were used . For macroinfauna, a U.S.A . Standard 
Testing Sieve made by Fisher Scientific Co., No. 35 
(0.50 mm - Tyler Equivalent No. 32), was utilized . 
Therefore, based primarily upon the work of Reish 
(1959), we may assume that 93% of the species, but only 
about 70% of the number of individuals, were retained 
for macroinfauna using a screen mesh size of 0.5 mm 
(No. 35) . Based primarily upon the work of de Bovee et 
al . (1974), 90% of the number of individuals and 100% 
of the number of species, except Nematoda and Kinor-
hyncha, were collected for meiofauna analysis . 

2. Depth of Faunal Penetration and Sediment Tex-
ture Characteristics 
Swedmark (1964), Jansson (1971), and McIntyre 

(1969, 1971) provide excellent discussions of the param-
eters affecting depth of fauna) penetration . Subtidally, 
both the meiofauna and macroinfauna tend to concen-
trate at the surface in response to higher oxygen concen-
trations and greater food availability (McIntyre, 1969) . 
However, both groups may be found at varying depths 
within the sediment in response to these and other varia-
bles . 

Sediments with a large percentage of sand tend 
to be more porous and allow for deeper penetration by 
the overlying water column . Porosity depends not only 

on grain size but also on sorting of the particles (Jans-
son, 1971). Thus, in high energy areas, the interstitial 
water, even at depth, may be highly oxygenated, have a 
high salinity, and in general, closely resemble the overly-
ing water column (Christie, 1975). 

As the energy level decreases and the grain size 
decreases and/or sorting increases, thus reducing avail-
able pore space, there is a decrease in penetration by the 
overlying water (Christie, 1975) . Therefore, in deep 
water silty sediments, the properties of the interstitial 
water rapidly change with depth in the sediment from 
those of the overlying water . That is, the dissolved oxy-
gen rapidly decreases with depth and anaerobic condi-
tions may occur only a few centimeters below the sur-
face (Reise and Ax, 1979) . Different intensities of water 
content, water circulation, and oxygen content caused 
by grain size distribution appear to be more important 
than the space-restricting property of finer sediments 
(Fenchel, Jansson, and von Thun, 1967; Jannson, 1967 ; 
Christie, 1975 ; McLachlan, 1978) . 

Wieser (1959) reported that a grain size of 200N 
represented a barrier for most meiofauna, except nema-
todes, and that 1201a may eliminate nematodes . Ward 
(1975) found nematodes in sediments of 102-IA median 
grain size, while Martinet (1975) found nematodes as a 
group to be most abundant where median grain size was 
between 360 and 380N . Hulings and Gray (1976) state 
that interstitial fauna can be found in intertidal sands 
with a median grain size of 125 to 500 . McLachlan, 
Winter, and Botha (1977) . report that McIntyre and Mu- 
rison (1973) set the lower limit of interstitial fauna at 
125 and suggested an optimum grain size of 230 . 

Depth of burrowing appears to be related to 
morphology (McLachlan et al ., 1977) and Swedmark 
(1964) provided a good discussion of morphological va-
riation and mode of locomotion of the meiofauna . Slid-
ers appear to function well down to a 200-N grain size, 
but only borrowers, e.g ., nematodes, can penetrate the 
finer sediments . 

In subtidal sediments, most of the meiofauna is 
concentrated in the 'upper 2 cm, but the greatest concen-
tration may extend down to S cm in muds and down to 
10 cm in sands (Mare, 1941 ; McIntyre, 1961, 1969, 
1971 ; Buzas, 1965 ; Fenchel and Jansson, 1966; Tietjen, 
1969, 1971 ; Schafer, 1971 ; Coull et al ., 1977 ; Hogue, 
1978; Yingst, 1978). Usually only the Foraminifera and 
Nematoda extend deeper than 10 cm, with the Nema-
toda extending deeper than the Foraminifera (Tietjen, 
1969; Schafer, 1971 ; Coull et al ., 1977 ; Yingst, 1978) . 
Deeper penetration by the nematodes appears to be re-
lated to their ability to exist anaerobically for long peri-
ods (Fenchel and Riedl, 1970 ; McLachlan et al ., 1977 ; 
Reise and Ax, 1979) . 

In sandier sediments, meiofauna penetration has 
been reported to extend as deep as 33 to SO cm (Fenchel 
et al ., 1967; McIntyre, 1971 ; McLachlan et al ., 1977) . 
Oxygen availability appears to be the critical factor al-
lowing for this deep penetration (McLachlan et al ., 
1977) . 

Little has been reported on the depth of penetra-
tion by the macroinfauna, although the same limiting 
factors discussed above for the meiofauna certainly 
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affect the depth of penetration by the macroinfauna . 
The macroinfauna will also be concentrated in the upper 
2 to 5 cm, but some Anthozoa, Polychaeta, Bivalvia, 
Decapoda (Crustacea), and Echiurida may extend to 
depths greater than 5 cm (Virnstein, 1979) . Christie 
(1975) found 25% of the species and almost 60% of the 
specimens in sandy sediments below 10 cm. 

Harper (1973) found that in San Antonio Bay, 
Texas, most of the macroinfauna (washed over a screen 
size of 0.25 mm) were found in the upper 5 cm of sedi-
ment . Baker et al . (1977) observed a similar phenome-
non in Trinity Bay, Texas, with the exception of two 
deeper burrowing species . Rosenberg (1974) found that 
for macroinfauna (washed over a 1-mm mesh screen) 
collected from a silt-clay estuarine locality in Sweden, 
64%a of the individuals and 74% of the biomass were 
found in the upper 5 cm. From his data, it is evident that 
90 to 95% of the fauna occurred in the upper 10 cm . 

In this study, no cores of great length were taken 
specifically to ascertain the depth of organism penetra-
tion . However, at each Primary Platform N500 Station 
and Control Site during Cruise I, downcore sediments 
of up to 1 m in length and 5 cm in diameter were col-
lected with a Kahlsico No. 217WA260 toggle-clamp, 
wide barrel piston corer ; these were to be used in Lead-
210 dating and subsequent trace metal and hydrocarbon 
analyses . These downcores were obtained with consider-
able difficulty and therefore extra cores were not col-
lected . However, not all of each downcore obtained was 
used for the intended chemical analyses, and as a result, 
half cores (split down the middle), were available . Sta-
tion P3 N500, predominantly sand (79.3%), and P4 
N500, predominantly silt (80.4%), represented two ex-
tremes . Only one half core from each station was avail-
able, thus precluding any statistical analysis . 

The same washing procedure that was used to 
process the regular meiofauna cores was used to process 
the sections of the downcore . This procedure separated 
any macroinfauna (No . 35 mesh screen) from 

meiofauna . However, after the downcore sections were 
washed, no live organisms were found on the No . 35 
mesh screen (0 .5 mm) . Thus, depth of penetration was 
ascertained for the meiofauna but not the macroin-
fauna . 

The core from P3 was moist and relatively undis-
turbed and the original sediment surface was still intact . 
As expected in sediments that are predominantly sand, 
more organisms were concentrated near the surface 
(Table 130) . Over 80% of the meiofauna was found in 
the upper 2 cm, and over 90% in 5 cm, which was the 
depth of cores collected in this study. Nematoda, with 
over 91 % of the individuals in the top 6 cm, indicated 
the greatest depth of penetration . The Polychaeta and 
Copepoda individuals found at depth were most likely 
contamination from handling . 

The P4 core was dry and disturbed, and there 
was some doubt as to the sediment surface still being in-
tact . Because of the condition of the downcore at the 
time of receipt, the results are difficult to interpret 
(Table 131) . Only Nematoda were found . Twenty-four 
of twenty-eight individuals were in the upper 2 cm; the 
others were found at the 11- to 12- cm depth . Generally 
fewer organisms are found in silts and there is reduced 
depth penetration ; this, and the fact that the P4 down-
core was received dry, were factors affecting the taxa 
found . Nematoda are very hardy (see above discussion) 
and of the taxa found in the P3 sand core, they would 
probably be expected to be the only organisms found in 
the P4 silt core . 

Thus, although only one core from each sedi-
ment type was analyzed, it would appear that the coring 
device used in this study generally collected over 90% of 
the meiofauna population . No macroinfauna were 
available for this analysis . However, based upon aver-
age depth of penetration of the Smith-McIntyre grab (8 
to 12 cm in sand and 12 to 16 cm in silt) and the expected 
values as reported by the literature, about 85 to 90% of 
the macroinfauna population was collected . 

TABLE 130 . Depth of meiofauna penetration in sand (from P3 N500, Down Core No. 1) . 

Number of Individuals per 8.04 cmz Sample 
ve m pro m ~uria ce tcm) 

Ta\a 2 4 6 8 10 12 14 16 18 20 22 24 26 28 Total 070 

Foramini(cra 
Protozoa 

Ra 
2 

84 
2 

34 .1 
0.8 

Turbcllaria 0 .8 

Ncmaioda 106 22 4 2 6 4 144 58 .5 
Pohchacta 6 2 8 3.3 
Copepoda 4 2 6 2.4 

Totak 200 26 4 0 2 0 8 4 0 0 0 2 0 0 246 100"70 
- - 

- 

C'umulat 
t Percent 81 .3 91 .8 93 .5 93 .5 94 .3 94 .3 97 .6 99 .2 99.2 99 .2 99 .2 100 100 100 100 

TABLE 131 . Depth of meiofauna penetration in silt (from P4 NS00, Down Core No . 1) . 

Number of Individuals per 8.04 cmz Sample 
Depth from Surface (cm) 

Taxa 2 4 6 8 10 12 14 16 Total % 

Nematoda 24 4 28 100 
Totals 24 0 0 0 0 4 0 0 28 100 
Cumulative Percent 85 .7 85 .7 85 .7 85 .7 85 .7 100 100 100 100 
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3. Sample Representativeness 
Many different factors can contribute to sample 

variability . Samples collected at the same station may be 
significantly different from each other and thus not pro-
vide an accurate subsample of the population . To detect 
and possibly identify sampling error or differences due 
to natural causes, it is necessary to test for variability 
within samples from a station and between stations, and 
to estimate representativeness of samples collected . 

a . Sample Replication 
The number of samples needed to adequately 

represent the number of species and individuals in a 
population is important in any ecological study . Gener-
ally the population structure at any locality is composed 
of a small number of very abundant species and a much 
larger number of increasingly rare species (Longhurst, 
1959) . Each replicate will add to the species list and total 
number of individuals, up to an optimum level (Gray, 
1971) . Above this optimum, additional replicates pro-
vide little added information . More samples must be 
taken with small samplers and more samples must be 
taken at low density in order to obtain the same level of 
precision (Downing, 1979) . Cost of both collection of 
additional replicates and subsequent processing must 
also enter into the choice of replicate number (Long-
hurst, 1959 ; Baker et al ., 1977 ; Vanderhorst et al ., 
1978) . 

Rarefaction, a useful statistical technique, 
can be used to infer whether samples are drawn from the 
same community and also to estimate "minimum feasi-
ble sample size" (Gaufin, Harris, and Walter, 1956 ; 

Simberloff, 1978) . The latter use can be applied to de-
termine the number of replicates necessary to collect a 
certain percentage of the number of species and number 
of individuals present in the studied population . Rare-
faction assumes that there is a random spatial dispersion 
of individuals, but most organisms tend to be clumped . 
The more clumped the populations in a community are, 
the more rarefaction overestimates the number of spe-
cies expected in a sample collected in nature (Simber-
loff, 1978) . In general, the larger the sample sizes to be 
compared by rarefaction, the less likely it is that results 
are affected by underdispersion . A large sample is effec-
tively stratified in that it tends to collect from several 
clumps instead of just one or two (Simberloff, 1978) . 

In this study, a modification of the rarefac-
tion technique was used to determine what percentage 
of species and individuals were collected in a predeter-
mined number of replicates . Figures 31, 32, and 33 are 
the resultant curves of the average cumulative number 
of species and number of individuals for all stations col-
lected in four cores for meiofauna during Cruises I, II, 
and III, respectively . If the curve in Fig . 31 is extended 
to reach a projected asymptote similar to that illustrated 
by Simberloff (1978), then four cores collected approxi-
mately 93% of the number of species in the area . For 
the first four cores, the mean number of individuals in-
creased by about the same number of individuals with 
the addition of each core . Theoretically, the number of 
individuals decreases as more cores are collected and 
fewer species are added . Therefore, using the above 
imagined point for 93% of the number of species, four 
cores collected only about 60% of the number of 
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individuals during Cruise I . This latter value is probably 
conservative . Gray (1971) found that four cores per 0.25 
m2 gave a reasonably accurate estimate of the meio-
fauna density for one area of a sandy beach, but that 
eight samples per 0.25 m2 gave the greatest precision . 

Based on the same assumptions, about 85% 
of the number of species and approximately 48% of the 
number of individuals were collected by four cores for 
rneiofauna during Cruise III (Fig . 33) . Thus, 85 to 93% 
of the number of species and 48 to 60% of the number 
of individuals were collected for meiofauna by four 
cores . 

Figures 34, 35, and 36 present similar 
curves for macroinfauna for Cruises I, II, and III, re-
spectively . Based on the same assumptions as for meio-
fauna, 81 % of the species and 38% of the individuals 
were collected by six grabs for macroinfauna during 
Cruise I (Fig . 34) . About 96% of the species and 62% of 
the individuals were collected during Cruise II (Fig . 35) 
and 89% of the species and 47% of the individuals were 
collected during Cruise III (Fig . 36) . Therefore, 81 to 
96% of the number of species and 38 to 62% of the 
number of individuals were collected for macroinfauna 
by six grabs . 

6. Dispersion 
Most benthic organisms, both meiofauna 

and macroinfauna, tend to not be randomly distributed, 
but may demonstrate a clumped (patchy or contagious) 
or a repulsed (uniform, regular, or infradispersed) 
distribution (Sokal and Rohlf, 1969; Gertz, 1978) . 
Typically, contagion is in response to physical and 

biological parameters, often at a microenvironmental 
level . Physical parameters may include median particle 
size, sediment sorting, amount of dissolved oxygen, sa-
linity, and/or sediment temperature (Fenchel et al ., 
1967 ; McIntyre, 1969) . Other parameters, often not 
measured, may include pore water content, pore size, 
bottom current velocity, rate of sediment deposition, 
and rate of sediment resuspension . Patchiness also ap-
pears to be related to sediment disturbance caused by 
bioturbation and storm effects (McCall, 1978) . Biologi-
cal parameters which are not measured are available 
food source (Meadows and Anderson, 1966 ; Gerlach, 
1977 ; Lee et al ., 1977 ; McLachlan et al ., 1977 ; Lopez 
and Levinton, 1978 ; Coull, 1979; Tietjen, 19806), pre-
dation and competition (Woodin, 1974 ; Hogue, 1978 ; 
Roughgarden, 1978 ; Bernstein and Meador, 1979), 
amensalism or commensalism (Gray and Johnson, 
1970 ; Rhoades and Young, 1970), and reproduction of 
non-planktonic young (Olsson and Eriksson, 1974 ; Lee 
et al ., 1977) . Meiofauna are also known to clump in re-
sponse to structural heterogeneities within the sedi-
ments, e.g ., plant culms, crab burrows, root biomass, 
polychaete tubes, and amphipod tubes (Lee et al ., 1977 ; 
Aller and Yingst, 1978 ; Bell, Watzin, and Coull, 1978 ; 
Reise and Ax, 1979) . This response to burrowing struc-
tures may be correlated with changes in physical param-
eters such as increased D.O . and biological parameters 
such as increased food supply or stabilization of the sed-
iments by polychaete, amphipod, or phoronid tubes 
(Rhoads, 1974 ; Ronan, 1978 ; Biernbaum, 1979; 
Virnstein, 1979) . Stabilization minimizes sediment re-
suspension and subsequent disturbance of the sediment 
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and associated organisms . Each of the physical and bio-
logical parameters just discussed also have vertical 
dimension, some of which have been discussed in above 
sections . Contagion has been reported to extend verti-
cally down into the sediment (Meadows and Anderson, 
1968), and Hogue (1978) reports vertical segregation of 
gastrotrich species . 

Small-scale gregariousness in benthic infau-
nal populations has been suggested, but the scales of 
this gregariousness have not been well documented. 
Eckman (1979), based upon experiments with organism 
dispersion patterns, hypothesized a posteriors that orga-
nisms may be affected by locally varying hydrodynamic 
environments produced by bed ripples . Apparently, the 
resulting periodic dispersion pattern persists after 
ripples have disappeared . Therefore, scales of environ-
mental heterogeneity relevant to an individual, from 
one to several centimeters, may be too small to detect by 
traditional methods . As a consequence, samples which 
are collected at arbitrary scales "homogenize spatial 
patterns that reflect smaller-scale interactions, re-
sponses and processes, and could seriously affect be-
tween-sample variability, thereby leading to spurious 
conclusions regarding the pattern and control of com-
munity structure" (Eckman, 1979) . 

The type of sampler used has little effect on 
the contagion of the benthos . However, the Smith-Mc-
Intyre grab may give rise to a higher degree of aggrega-
tion, possibly because of intermittent loss of some sur-
face sediments from pressure wave effects (Downing, 
1979) . Although all sediments "hold animals aggregated 
to approximately the same extent", there is a tendency 
for the benthos to be less clumped in clays and more 
clumped in gravel (Downing, 1979) . 

Because most organisms are not randomly 
distributed, abundance data must be transformed be-
fore parametric statistical analysis can be performed 
(See section on Statistical Methods above) . This ten-
dency of organisms to clump will bias abundance data 
unless sufficient samples have been collected (Gray, 
1971) (See section on Sample Replication above) . In sea-
sonal faunal studies, sampling methods may not collect 
clumped organisms which may be present, and the as-
sumed faunal changes may not be real but due simply to 
shifts in patch size and distribution of the major species 
(Walling, Kinner, and Maurer, 1978) . McIntyre (1969) 
states that for meiofauna, because of their small size 
and sensitivity to very slight physical changes, contagion 
is so important that the community concept is not as 
meaningful . Therefore, incorporation of meiofauna 
into existing community descriptions should be treated 
with caution . This will be discussed in more detail below 
(See section on Meiofauna, Cluster Analysis) . 

Many different indices have been proposed 
to compare the different patterns of dispersion in pop-
ulations (Elliot, 1971) . The best index of dispersion 
should possess the following attributes : 

"It should provide real and continuous va-
lues over the range from maximum regular-
ity (equal numbers in each sampling unit), 
through randomness (sZ = 7, to maximum 
contagion (all individuals are in one sam-
pling unit) . 
"It should not be influenced by variation in 
the size of the sampling unit (quadrat size), 

the number of sampling units (n), the sam-
ple mean (7, and the total number in the 
sample (fx) . 
"It should be easy to calculate from large 
amounts of data . 
"It should enable differences between sam-
ples to be tested for significance ." 

There is no index of dispersion that fulfills 
these conditions, but the most commonly used index of 
dispersion for marine benthos is Morisita's Id (Holme, 
1950; Gage and Gec:kie, 1973 ; Gerlach, 1977 ; Watling et 
al ., 1978) . Morisita's index of dispersion (Morisita, 
1959) is a ratio of the observed probability of drawing 
two individuals randomly without replacement from the 
same (over q samples) sample, to the expected probabil-
ity of the same event for individuals randomly dispersed 
over the samples (Hubbell, 1979) . This index is indepen-
dent of the sample mean and total numbers in the sam-
ple, but it is a strong function of the number of sam-
pling units at both ends of its range (Elliot, 1971) . 
Therefore, Morisita's index is a good comparative index 
of dispersion when each sample contains the same num-
ber of sampling units, as was the case in this study . 

Morisita's index is influenced by sample 
size when the population dispersion pattern is regular or 
uniform . When the dispersion is contagious and individ-
uals are randomly distributed in each clump, the index is 
fairly stable, but is less stable when the infra-clump dis-
tribution is uniform . The index is unity when individu-
als are randomly dispersed, regardless of quadrat size or 
mean density of individuals per square meter (Elliot, 
1971 ; Hubbell, 1979) . Values greater than one indicate 
clumping, and values less than one indicate uniformity . 
An F statistic can be computed to test for significant de-
parture of the index . from unity (randomness) (Hubbell, 
1979) . 

To determine the dispersion patterns exhib-
ited by the meiofauna and macroinfauna, Morisita's 
index of dispersion was calculated for the top 98 and 
95%, respectively, of those taxa most frequently ob-
served and abundant in each of the three cruises (see 
also Watling et al ., 1978) . Only the top ten species of 
each group are presented here . 

Table 132 gives the percentage of times that 
one of the dominant meiofauna taxa demonstrated ei-
ther a random or a contagious distribution . None of the 
taxa for which Morzsita's index was calculated indicated 
a uniform distribution . It can be seen that 90% of the 
listed taxa demonstrated a clumped distribution at least 
75% of the time . Exceptions were Bolivina lowmani 
(Foraminifera) in Cruise II and Choniolaimidae (Nema-
toda) in Cruises II and III . The latter taxon had only 
75.8% contagious distribution during Cruise I . For B . 
lowmani, the distribution was 88 .6% clumped during 
Cruise I and 91 .6% clumped during Cruise III . Gener-
ally, each of the taxa showed a higher percentage of 
contagion during Cruise I than in either Cruise Il or 
Cruise III . This tendency toward contagion by the top 
ten taxa was also demonstrated by the remaining top 
95% of the meiofauna taxa . Gray (1971) stated that 
four core samples per 0.25 m2 did not give a reliable esti-
mate of the dispersion pattern of the meiofauna in one 
of two study areas on a sandy beach . Upwards of eight 
samples were necessary to encompass the variations in 
spatial distribution patterns in both study areas . Coull 
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TABLE 132. Distribution patterns of the top ten meiofauna faze for each cruise based upon 
Morisita's index of dispersion (Id) . 

Distribution Patterns 
No . of Occurrences 

Clum ed 
Cruise Taxa Total Uniform Random No. % 

I Sabatieria (N)' 36 0 1 35 97.2 
Bolivina /owmani (F) 35 0 4 31 88.6 
Gromiidae (Pr) 36 0 4 32 88 .9 
Dorylaimopsis (N) 36 0 1 35 97.2 
Cyatholaimidae (N) 36 0 3 33 91 .6 
Theristus (N) 36 0 1 35 97.2 
Buliminella morgani (F) 35 0 4 32 91 .4 
Linhomoeidae (N) 36 0 4 32 88.9 
Nonionella basiloba (F) 36 0 1 35 97.2 
Choniolaimidae N 33 0 8 25 75.8 

II Sabatieria (N) 64 0 8 56 87 .5 
Bolivina lowmani (F) 63 0 20 43 68.3 
Gromiidae (Pr) 64 0 16 48 75.0 
Dorylaimopsis (N) 60 0 15 45 75.0 
Cyatholaimidae (N) 61 0 9 52 85.2 
7heristus (N) 61 0 13 48 78.7 
Buliminella morgani (F) 61 0 8 53 86.9 
Linhomoeidae (N) 61 0 13 48 78.7 
Nonionella 6asiloba (F) 60 0 8 52 86.7 
Choniolaimidae N 54 0 26 28 51 .9 

III Sa6atieria (N) 35 0 4 31 88.6 
Bolivina lowmani (F) 36 0 3 33 91 .6 
Gromiidae (Pr) 32 0 6 26 81 .3 
Dorylaimopsis (N) 36 0 8 28 77 .8 
Cyatholaimidae (N) 34 0 5 29 85 .3 
Theristus (N) 35 0 7 28 80.0 
Buliminella morgani (F) 34 0 6 28 82.3 
Linhomoeidae (N) 34 0 4 30 88 .2 
Nonionella basiloba (F) 31 0 3 28 90.3 
Choniolaimidae N 32 0 16 16 50.0 

IN denotes Nematode Pr denotes Rhizopoda, Protozoa 
F denotes Foraminifera 

(1979), in the Georgia Bight, found the meiofauna to be 
quite patchy, based on 175 values determined by 
Green's index ; four of these values indicated a uniform 
distribution and none a random distribution . 

Table 133 presents the percentage of times 
that one of the dominant macroinfauna faze demon-
strated either a random or a contagious distribution . 

None of the faze for which Morisita's index was calcu-
lated indicated a uniform distribution . It can be seen 
that 80% of the listed faze demonstrated a 75% or 
greater degree of random dispersion 60% of the time . 
All the faze had a 25% or greater degree of random dis-
persion 96.7% of the time. Generally, each of the faze 
in Table 133 showed a higher degree of randomness 

TABLE 133 . Distribution patterns of the top ten macroinfauna faze for each 
cruise based upon Morisita's index of dispersion (Id) . 

% Random 
Taxa Cruise I Cruise II Cruise III 
Paraprionospio pinnate (P) 1 8 .3 50.0 74.3 
Rhynchocoela 25 .0 71 .7 77.8 
Sigambra tentaculata (P) 91 .7 77 .6 87.1 
Cossura delta (P) 85 .7 82 .4 100.0 
Magelona phyllisae (P) 48.3 53 .7 48.1 
Nephrys incise (P) 87.9 76 .6 96.2 
Corbula contracta (B) 50.0 54.5 83.3 
Lumbrineris tennis (P) 96.8 91 .3 92.9 
Tharyx marioni (P) 61 .1 88.4 92.3 
Nereis (P) 66.7 82.9 87 .5 
I(P) denotes Polychaeta 
1B1 denotes Bivalvia 
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during Cruise III than in either Cruise I or Cruise II . 
The high degree of randomness shown by these top ten 
talca was also demonstrated by the remaining top 95% 
of the macroinfauna taxa . Levinton (1977) found Neph-
tys incisa from Quisset Harbor, Massachusetts, to have 
a dispersion index of 1 .12 and 1 .26 at two channel sta-
tions while Botton (1979) calculated a dispersion value 
of 1 .25 in the inshore New York Bight . Lumbrineris ten-
uis had a dispersion index of 0.67 and 0.84 at two eel-
grass stations in Quisset Harbor and a dispersion index 
of 3.15 in New York Bight . 

Eight of the top ten macroinfauna taxa 
were polychaetes which probably maintain a certain dis-
tance between individuals to minimize intraspecific 
competition . Each of these taxa probably do tend to 
clump ; but, in general, the patches were of such size that 
the grab usually sampled between patches . 

Woodin (1974) hypothesized that for seve-
ral polychaeta species from a tidal mud flat off San 
Juan Island, Washington, the patch size was less than 
0.5 mz . Eckman (1979) conclusively demonstrated that 
clustering at scales of one to several centimeters com-
monly occurred within populations of several small 
macrofaunal species . Buzas (1976) found that for unis-
pecies Foraminifera populations, aggregate size may be 
as small as 100 mz or as large as 1,600 m2 . Coull et al . 
(1977) found that deep sea meiofauna densities were ho-
mogeneous within large areas at particular depths and 
that contagion was a small-scale phenomenon at the 
level of the 10-cm sub-sampler . Gerlach (1977) reported 
that ostracods had a patch radius of about 13 cm. 
Hogue (1978) found that a subtidal sand flat gastrotrich 
was only slightly to moderately aggregated and formed 
clumps on the order of 4 to 10 cm in size . Bernstein and 
Meador (1979) found, in their analysis of the dispersion 
of a foram population, that a lack of significant spatial 
autocorrelation among subcores, combined with a dem-
onstration of significant contagion, indicated that the 
patch structure was smaller than 100 cmz , which was 
the size of their study area . 

From the analysis of abundance data using 
Morisita's index of dispersion, it appears that, based 
upon the high percentage of contagion found in the top 
ten meiofauna taxa from each cruise, meiofauna clumps 
were generally on the order of 8.0 cm2 (0.0008 mz) (area 
of the core) in area . Because of the high percentage of 
randomness exhibited by the top ten macroinfauna 
taxa, macroinfauna clumps were probably greater than 

908.2 cmz (0.09 mz) (area of the grab) in area . The other 
limit to macroinfauna patch size cannot be determined 
at present . This observed patch size for macroinfauna is 
much larger than that described by Woodin (1974) for 
several polychaetes . 

c. Sample Variability 
Analysis of Variance (ANOVA) was used to 

test for significant differences among samples at a sta-
tion (within station variability) and among stations 
(Sokal and Rohlf, 1969) . Each species was tested sepa-
rately for differences in each of the three cruises . The 
top ten ranked species over all cruises for meiofauna 
and macroinfauna were selected for these tests . A log-
arithmic transformation (log,o (X + 1)) was applied to 
the number of individuals in each sample to meet the as-
sumptions for the test . 

Four meiufauna samples collected at each 
station were the replicates within each station . The ben-
thic collecting sites N500, N2000, E500, E2000, 5500, 
S2000, W500, W20W at each of the four Primary Plat-
forms plus the Control Sites C21, C22, C23, and C24 
were the 36 stations used for these tests for Cruises I and 
III . ANOVA's for Cruise II included these stations plus 
collecting sites N500 and N2000 at the Secondary Plat-
forms, for a total of 68 stations . Table 134 gives the re-
suits of ANOVA for meiofauna taxa in Cruises I, II, 
and III . All of the taxa showed significantly more varia-
tion among stations than among samples within sta-
tions . The tests were all significant at the 0.05 probabil-
ity level and most were significant at the 0.001 level . 

Six macroinfauna samples were collected at 
each of these stations and ANOVA's were performed to 
determine within-station and among-station variability 
for each of ten taxa on each cruise . Table 135 shows the 
results of these ANOVA. All of the tests were signifi-
cant at the 0.001 probability level, which means the vari-
ation among samples within stations was significantly 
less than variation among the stations (same as meio-
fauna above) . These results were to be expected because 
the four cores and six grabs for meiofauna and macroin-
fauna, respectively, were considered to be replicate sam-
ples . In view of the repeated patchy distribution of some 
benthic species, however, these tests were made to verify 
replicability for this sampling effort . 

4. BiomassEstimates 
Precision in biomass determinations can be af-

fected by the following factors : 

TABLE 134. Results of ANOVA for within-station and among-station variability for ten meiofauna taxa 
(36 stations in Cruises I and III, 68 stations in Cruise II ; 4 samples per station). 

Cruise I Cruise II Cruise III 
Taxa F-Value Probabilit y ' F-Value Probabilit y F-Value Probability 

Sabatieria 3.86 0.000 11 .45 0.000 3.12 0.000 
Bolivina lowmani 2.30 0.001 5.93 0.000 3.26 0.000 
Gromiidae 3.37 0.000 6.35 0.000 7.03 0.000 
Dorylaimopsis 2.37 0.000 4.44 0.000 3.66 0.000 
Cyatholaimidae 3 .58 0.000 5.90 0.000 3.82 0.000 
Theristus 4.24 0.000 5.11 0.000 3.42 0.000 
Buliminella morgani 4.24 0.000 11 .55 0.000 10.73 0.000 
Linhomceidae 5 .94 0.000 3.18 0.000 1 .71 0.019 
Nonionella basiloba 7.64 0.000 13.12 0.000 7.23 0.000 
Choniolaimidae 1 .60 0.035 2.41 0.000 2.25 0.001 
*All probability values are below the 0.05 significance level which is approximately 1.5 for 36 stations amt 1 .4 for 68 stations. 
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TABLE 135. Results of ANOVA for within-station and among-station variability for macroinfauna taxa 
(36 stations in Cruises I and III, 68 stations in Cruise II ; 6 samples per station) . 

Cruise I Cruise II Cruise III 
Taxa F-Value Probabilit y ' F-Value Probability ' F-Value Probability ' 

Paraprionospio pinnata 11 .72 0.000 12.00 0.000 
Mediomastus californiensis 9.93 0.000 20.24 0.000 
Rhynchocoela 9.94 0.000 4.12 0.000 9.29 0.000 
Prionospio cirrifera 3.91 0.000 6.33 0.000 
Tharyx marioni 5 .63 0.000 8.67 0.000 
Notomastus latericeus 7.25 0.000 
Sigam6ra tentaculata 4.23 0.000 5.01 0.000 7.48 0.000 
Tellina versicolor 23 .40 0.000 
Cossura delta 11 .21 0.000 3.29 0.000 
Aricidea suecica 4.47 0.000 
Magelona phyllisae 24.25 0.000 
Nephtys incisa 11 .35 0.000 
Lum6rineris tennis 16.84 0.000 
Golfingia bul6osa 23 .09 0.000 
Corbula contracta 7.16 0.000 2.55 0.000 
Nereis 14.18 0.000 
Pinnixa 10.46 0.000 
Sthenelais boa 3 .65 0.000 
All probability values are below the 0.05 significance level which is approximately 1 .4 for 36 stations and 1.3 for 68 stations . 

" variations in stomach contents 
" amounts of water engulfed at capture 
" degree of wetness at the time of weighing 

(Lagler, 1978) 
" method of preservation of fish (Parker, 1963 ; 

Stobo, 1972) and invertebrates (Howmiller, 
1972) . 

Parker (1963) observed that, in salt-water for-
malin, weight initially fell to between 87 and 91 % of live 
weight for the first few days but then rose to 91 to 95% 
of live weight . An initial short period of decreasing 
weight was followed by a protracted period of increase . 
The magnitude of change was also associated with size, 
i.e ., larger relative changes occurring in smaller fish . 

For this study biomass was measured only for 
the macroepifauna and demersal fish . All samples were 
treated in the same manner and procedures were held 
constant throughout the study . Specimens were weighed 
after the initial weight loss period described by Parker 
(1963), normally within 2 to 8 weeks after delivery to the 
laboratory to minimize this source of error . Therefore, 
based upon values reported in the literature, the bio-
mass values measured in this project are approximately 
91 to 95 % of the true live weight . 

S. Length Estimates 
Factors that can contribute to error or inconsis-

tency in length measurements are : 

" muscular relaxation after death 
" shrinkage of fish during preservation (Parker, 

1963) 
" variations in the pressure applied to put the 

jaws into a normal closed position at the time 
of measurement 

" inaccurate judgement of the base of the caudal 
fin 

" technician skill and consistency (Lagler, 1978). 

According to Parker (1963), fish preserved in 
formalin shrink to 97% of original length in less than 

24 hours. Length continues to diminish to about 96% in 
30 to 40 days and stabilizes at that level. 

Length was measured for all fish caught in the 
otter trawl . Trawl samples were normally worked in 
consecutive order within 2 to 8 weeks after their delivery 
to the lab . All specimens were treated in the same man-
ner and technicians' measurements were compared for 
repeatability of results . Therefore, in view of Parker's 
study on length measurements, those taken in this study 
should be within 96°10 of the actual live length . 

6. Diel Variability 
Diel variations in benthic fish habits are well 

known and of great importance to fisheries (Parrish, 
Blaxter, and Hall, 1964 ; Stickney, Taylor, and Heard, 
1974 ; Ragan et al ., 1978) . However, Ragan et al . (1978) 
quoted Moore et al. (1970) as stating that in Louisiana 
waters diel variation in the capture of fish (species com-
bined) was not significant . Hoese et al . (1968) reported 
that Roessler (1965) and Miller (1965) found more spe-
cies at night and that Hobson (1965) concluded that 
most predators were nocturnal whereas most herbivores 
and omnivores were diurnal . Diel differences were 
found to be related to activity, aggregational associa-
tions, food habits, and feeding tactics (Parrish et al ., 
1964 ; Wohischlag, 1977) . Daily behavioral changes 
along with variations in light intensity, turbidity, and 
life cycle stages result in reduced or enhanced suscepti-
bility of fish to trawling (Parrish et al ., 1964 ; Hoese et 
al ., 1968) . Hildebrand (1954) distinguished between two 
penaeid fauna) areas: the nearshore, diurnal, white 
shrimp grounds and the offshore, nocturnal, brown 
shrimp grounds . However, Hildebrand's sampling strat-
egy was suited for shrimp capture and appeared to bias 
his results . 

In the South Texas OCS Project, Wohlschlag 
(1977) found that in most cases a pronounced day-night 
difference occurred throughout the year . Pooled yearly 
comparisons indicated that species caught during the 
day were ordinarily those that demonstrated schooling 
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propensities, while primarily nocturnal species tended to 
be solitary . Statistically significant day-night differences 
were at a maximum in the spring and at a minimum in 
the autumn . This was demonstrated on a seasonal basis 
for those fish not showing day-night prevalence in num-
bers or weights for pooled data . 

In the present study, 40 trawls were collected 
during three sampling cruises (Table 136) . Of these 
trawls, 64% were collected during the day and 35% dur-
ing the night . Of the day trawls made, 15 .4% were in 
Cruise I, 80.8% in Cruise II, and 3.8% in Cruise III . 
For each of the Primary and Control Sites at least one 
trawl was collected during the night . Not enough data 
are available for statistical analyses, but a few com-
ments can be made . 

Comparisons can be made between fish species 
caught in this Central Gulf Platform Study and species 
captured in the South Texas OCS. Table 137 lists those 
species collected in this project which were most fre-
quently collected in day trawls in the South Texas OCS. 
Table 138 provides a similar listing for night trawls and 
Table 139 lists those species with no diel variations . 
Comparison of these three tables reveals that only 10 
species were caught in day trawls and 32 in night trawls ; 
10 species demonstrated no diet variation . Examination 
of Wohlschlag's (1977) statistical analysis of the South 
Texas OCS project results indicated that nine of the day 
trawl species in this project showed a significant (p 
<0.05) preference for the daytime and 24 of the night 
trawl species demonstrated a significant (p <0.5) prefer- 

ence for the nighttime . Significance at p<0.05 is indi-
cated by an asterisk preceding the species names in Ta-
bles 137, 138, and 139 . 

Activity, associations, food habits, and feeding 
tactics as defined by Wohlschlag (1977) are listed in 
Table 140 . Seventy percent of the day trawl species 
listed in Table 137 formed large schools and 60% were 
p(anktivores . Of the night trawl species (Table 138), 
95% were solitary and 54% were burrowers ; 66% were 
carnivorous and 30% were carnivorous and scavengers ; 
59% were ambushers and 41 % were stalkers . Those spe-
cies showing no diet variation (Table 139) were quite 
varied in activity and associations ; 70% of the species 
were carnivorous and 75% were stalkers . There was no 
consistent pattern in food habits or feeding tactics over 
all cruises . 

Hoese et al . (1968) in their study of the diet and 
seasonal variations in trawlable organisms in the Aran-
sas Pass Inlet, Texas, determined the diel preference of 
9 species of invertebrates and 20 species of fish (Table 
141) . Of the fish species 11 showed nocturnal prefer-
ence, five diurnal preference, and four appeared to 
show no preference . Several of the organisms (both in-
vertebrates and vertebrates) were found to increase in 
numbers in turbid waters, but still responded to changes 
between night and day. Hoese et al . (1968) could not ex-
plain the response to turbid water, i .e ., whether turbid 
waters allow less trawl escapement or reduce light below 
inhibiting levels . Their data indicated that both re-
sponses occurred . There was also a difference in 

TABLE 136. Collection times of trawl samples taken in this project. 

Time of Trawl hrs . I 
Station Cruise I Cruise II Cruise III 
P01 1726-1756-D 0817-0832-D 2158-2213-N 
P02 2020-2032-N 1450-1505-D 2215-2230-N 
P03 0015-0030-N 0750-0805-D 0135-0150-N 
P04 1920-1935-D 1350-1357:30-D 0045-0100-N 
S05 1305-1320-D 
S06 1928-1943-D 
S07 1506-1522-D 
S08 1755-1810-D 
S09 1218-1233-D 

` 1530-1550 
S10 {1601-1622-D 

(1704-1744 
S11 0907-0922-D 
S12 1802-1822-D 
S13 0934-0949-D 
S14 1552-1607-D 
S15 0652-0707-D 
S16 0855-0910-D 
S17 1622-1637-D 
S18 1950-2010-N 
S19 2005-2012:30-N 
S20 1337-1352-D 
C21 0202-0217-N 1045-1100-D 2300-2315-N 

1320-1340 
C22 0854-0909-D 1350-1411-D 2205-2220-N 

(1419-1438 
C23 2118-2133-N 1813-1828-D 1130-1145-D 
C24 1500-1515-D 2249-2305-N 1945-2000-N 
'Times taken from chief scientist's log. 
(D denotes day; N denotes night). 
=Taxonomy sample comprised of a composite of three trawls. 
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TABLE 137 . Demersal fish species collected in this project which were most frequently collected in day trawls in the 
BLM South Texas OCS Project (from Wohischlag, 1977) and their ranking by cruise . 

Activity and Food Feeding Ranking 
Species Associations Habits Tactics Cruise I Cruise II Cruise III 

"Anchoa mitchilli B3 C6 13 66 -- 
"Saurida brasiliensis B1 C1 D2 68 4 105 
*Priacanthusarenatus B1--B2 C1 D1 -- 112 -- 
*Chloroscombrus chrysurus B3 C6 -- 25 112 
'Trachurus lathami B3 C6 26 57 111 
" Vomersetapinnis B3 C6 -- 130 -- 
Trichiuruslepturus B3 C1 -- 67 49 

*Scomber japonicus B3 C6 106 -- -- 
*Peprilus 6urti B3 C6 31 63 -- 
*Lagocephalus laevigatus BI C2 -- 218 -- 
'denotes comparison at P <0 .05 (Wohlschlag, 1977) . 
'For explanation of symbols see TABLE 140 . 

TABLE 138 . Demersal fish species collected in this project which were most frequently collected in night trawls in the 
BLM South Texas OCS Project (from Wohlschlag, 1977) and their ranking by cruise . 

Activity and Food Feeding Ranking 
Species Associations' Habits Tactic' Cruise I Cruise II Cruise III 

"Hoplunnis macrurus AI,B1 C4 D1 99 152 
*Congrina (lava A1,B1 C4 D1 -- 206 -- 
Synodus poeyi A2,B1 C4 D2 -- 142 -- 
*Porirhth ys porosissim us A 1, B 1 C4 40 45 106 
*Antennariusradiosus A2,B1 C4 D2 33 35 -- 
*Halieuuchthys aruleatus A3,B1 15 3 2 
*Bregmaceros atlanticus 80 153 -- 
*Urophycis cirratus C4 D2 64 70 -- 
*Urophycis floridanus C4 D2 -- 209 107 
*Brotula barbata AI,AS,B1 C1 D2 -- 75 -- 
*Lepophidiumgraellsi AI,B1 C1 D2 65 210 75 
*Centroprisus philadelphicus C1 23 22 36 
*Serranus atrobranchus C7 55 28 -- 
*Pristipomoidesaquilonaris C1 -- 38 -- 
Lutjanus campechanus BI-B2 C1 -- 121 32 
*Stenotomus caprinus C4-CS D4 12 15 26 
Cynoscion arenarius B2 C1 D1 46 55 28 
Larimus fasciatus C1 82 -- 38 
Menticirrhus americanus C 1 104 102 18 
Polydactylusoctonemus B1-B2 CI D4 69 73 45 
Kathetosroma albigutta C1 D2 105 96 -- 
*Bollmannia communis BI CI 48 41 117 
Prionotus ophryas B1 Cl D4 -- 154 -- 
*Prionotus paralarus BI C1 D4 -- 92 -- 
"Prionotus rubio B1 CI D4 4 I 19 
*Citharichthys spilopterus A3, B1 Cl 131,132 37 13 14 
"Cyclopsetta chittendeni A3,B1 CI D1,D2 38 18 31 
'Etropuscrossotus A3,B1 C1 D1,D2 21 17 1 
"Syaciumgunteri A3,B1 CI DI,D2 -- 24 6 
'Trichopsetta ventraGs A3,B1 C1 131,132 -- 126 -- 
*Symphurus plagiusa A3,131 Cl DI,D2 -- 56 15 
'Sphoeroides parws BI-B2 C2,C4-5 D4 20 131 S 
'denotes comparison at P<0 .05 (Wohlschlag, 1977) . 
For explanation of symbols see TABLE 140 . 
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TABLE 139 . Demersal fish species collected in this project which indicated little or no diel variation in the BLM South 
Texas OCS Project (from Wohlschlag, 1977) and their ranking by cruise . 

Activity and Food Feeding Ranking 
Species Associations' Habits Tactics Cruise I Cruise II Cruise III 

Anchoa hepsetus B3 C6 16 65 -- 
Synodus foetens A2,B1 C1 D2 101 27 37 
Diplectrum bivittatum A2,B1-B2 C4 D1,D2 102 21 27 
Lagodon rhomboides C1 D1 -- 86 -- 
Cynoscion nothus B2-B3 C1 D1 -- 50 22 
Leiostomusxanthurus C1 5? 53 7 
Micropogon undulates B2-B3 C4 D1,D4 Sb 33 5 
Prionotus stcarnsi C1 D4 81 . 42 108 
Ancylopserta dilecta A3,B1 CI DI,D2 -- 158 -- 
Gvmnachirus te.%ae - A3,B1 C1 D1,D2 -- 37 120 
For explanation of symbols see TABLE 140 . 

TABLE 140. List of activity and association tendencies, 
food habits, and feeding tactics of fish species compiled 

by Wohlschlag (1977) . 

1 . Activity (A) 
A1 . Burrower 
A2 . Sedentary 
A3 . Shallow Burrower 
A4 . Somewhat Sedentary 
A5 . Secretive 

2 . Associations (B) 
Bl . Solitary 
B2 . Forms Small Schools 
B3 . Forms Large Schools 

3 . Food Habits (C) 
C1 . Carnivore 
C2 . Specialized Carnivore (Invoicing distinctive 

structural specialization, such as the chemo-
sensory barbell of Upeneus parvus) . 

C3 . Molluscivore 
C4 . Carnivore and Scavenger 
C5 . Omnivore 
C6 . Planktivore (Includes filter feeders as well as 

zooplanktivores) 
4 . Feeding Tactics (D) 

D1 . Stalker (Generally visually oriented) 
D2. Ambusher 
D3. Cryptic Angler 
D4. Searcher (May use other than visual means to 

locate prey, as in the Mullidae and Triglidae 
and Polynomidae) 
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TABLE 141 . Diel preference of macrcepifauna and demersal fish taxa collected in this project 
(based upon Hoese et al ., 1968). 

Diel Variation 
Taxa Nocturnal Both Diurnal Remarks2 

Polinices duplicates (B)l X T, August 
Callinectes similis (D) X 
Pagurus pollicaris (D) X 
Squilla empusa (S) X 
Penaeus setiferus (D) 
Penaeus aztecus (D) X 
Penaeus duorarum (D) X 
Trachypenaeus similis (D) X 
Lolliguncula 6revis (C) X 
Sicyonia dorsalis (O) X D, Gulf at 11 m; N, Gulf at 16 .5 m 
Anchoa mitchiJli (O) X D, Bay during October 
Brevoortia patronus (O) X 
Synodus foetens (O) X 
Bagre marines (O) X 
Chloroscombrus chrysurus (O) X 
Eucinostomusgula (O) X 
Vomer setapinnis (O) X 
Trichiurus lepturus (O) X 
Stelliferlanceolatus (O) X 
Cynoscion arenarius (O) X 
Cynoscion nothus (O) X 
Leiostomusxanthurus (O) X T, August 
Micropogon undulates (O) X T, August 
Larimus fasciarus (O) X Only in Gulf at 16 .5 m 
Prionotus tri6ulus (O) X Nocturnal preference not significant 
Citharichthys spilopterus (O) X N, Bay in fall ; D, Gulf at 16.5 m 
Etropus crossotus (O) X N, October and February ; D, April; D, 

Gulf in November atl l m ; N, Gulf in 
November at 16.5 m 

Symphurus plagiusa (O) X T, August 
Porichthys porosissimus (O) X T, August 

I B denotes Bivalvia, C denotes Cephalopods, D denotes Decapoda, S denotes Stomatopoda, O denotes Osteichthyes. 
j T denotes diurnal in turbid waters, D denotes diurnal, N denotes nocturnal . 

response at different depth zones . Total number of or-
ganisms captured per trawl was always higher at night 
than during the day. The difference was significant for 
fish except during the very turbid conditions in August, 
and always significant for invertebrates (Hoese et al ., 
1968) . 

Thirteen of the fish captured by Hoese et al . 
(1968) (see Table 141) were also caught by Wohlschlag 
(1977) . Both Wohischlag and Hoese et al . agreed on the 
diel preference of Vomer setapinnis, Trichiurus leptu-
rus, Porichthys porosissimus, Cynoscion arenarius, and 
Symphurus plagiusa . However, for Anchoa mitchilli 
and Chloroscom6rus chrysurus Wohlschlag reported a 
diurnal preference, while Hoese et al . found a nocturnal 
preference for both with a diurnal preference for A . 
mitchilli in the bay during October . Wohlschlag found 
nocturnal preference by Citharichthys spilopterus and 
Etropus crossotus but Hoese et al . reported no diel vari-
ation . For Synodus foetens Wohlschlag reported no diet 
variation and Hoese et al . found diurnal preference . For 
Cynoscion nothus, Leiostomus xanthurus, and Micro-
pogon undulates Wohischlag found no diel variation 
but Hoese et al . found nocturnal preference . Both L. 
xanthurus and M. undulates were diurnal in turbid 
water during August (Hoese et al ., 1968) . 

Based upon the literature, nine invertebrates 
and 59 fish collected in this project exhibited either a 
nocturnal, diurnal, or no diel preference . Species with 
questionable diel preference were eliminated, and of the 
remainder 64.3% were nocturnal, 21 .4% were diurnal, 
and 14.3% indicated no diel preference. Thus, a major-
ity of the fish and invertebrate species collected in this 
project appear to be nocturnal. 

Complex factors that affect the day trawl 
catch indicate that relative abundance data based only 
on day trawls may be inaccurate, and that trawl catches 
may be affected more by seasonal variations in turbidity 
than by true seasonal density differences (Hoese et al ., 
1968) . Therefore, all day trawls collected in this project 
probably underestimate the relative abundance of those 
species caught and do not clearly reflect the species com-
position of the macroepifauna and demersal fish in the 
area . Night trawls are a better estimate of the relative 
abundance and species composition in the areas sam-
pled . 

1. Catastrophic Mortalities 
During the course of the present study, two con-

ditions occurred which appeared to have caused cata-
strophic mortalities among the benthic fauna: Tropical 
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Storm Debra and hypoxic bottom conditions . Both are 
discussed below . Depending on the severity of such ca-
tastrophes, certain areas may be partially or completely 
defaunated . The rate at which recolonization takes 
place is dependent upon the severity of the perturbation 
and resulting defaunation and the time of year that it 
occurs . 

Recolonization by the benthos may occur very 
rapidly (Scheibel, 1974; Simon and Dauer, 197'7) . Schei-
bel found harpacticoids to be the initial colonizers of 
test substrates and to settle even before the nematodes . 
Simon and Dauer found that polychaetes were the initial 
macrofauna colonizers after defaunation caused by the 
Florida red tide . This early colonization by harpacti-
coids and polychaetes may be related to their having 
planktonic larvae . Slow appearance of molluscs and 
amphipods appeared to be related to their lesser abilities 
of dispersal as adults (Simon and Dauer, 1977) . Rhoads, 
Aller, and Goldhaber (1977) reported that the molluscs 
followed the polychaetes in recolonization of a dredge-
spoil dump . Farrell (1974a) reported that populations of 
Crustacea and Cephalochordata destroyed by low D.O . 
in July 1973 showed little sign of recovery by January 
1974 . McKinney, Harper, and Salzer (1980) reported 
that recovery from hypoxic bottom conditions by poly-
chaetes was fairly rapid over a two month period, while 
crustaceans, particularly the amphipods, were slower to 
recover . Bank populations of hydroids and fishes also 
recovered rapidly . Sea urchin populations remained de-
pressed throughout the year . 

Simon and Dauer (1977) found that, after defau-
nation by the Florida red tide, an "equilibrium" level of 
species was reached by the 11th month. However, some 
species present before defaunation had not returned 
after 24 months . Boesch, Diaz, and Virnstein (1976) re-
ported that the deep mud bottom community in the 
lower York estuary, Chesapeake Bay, had not recovered 
from Tropical Storm Agnes after 2.5 years . In the 
Minas Basin, Bay of Fundy, the hardest hit areas had 
not recovered initial population densities after two 
years. Woodin (1978) reported disturbance to be a sig-
nificant mortality source and thus an important com-
munity structuring force . Susceptibility is in part a func-
tion of the organism's position in time and space rela-
tive to the disturbance process and in part a function of 
refuges from the disturbance as exemplified by avail-
ability of substrate heterogeneities . McCall (1978) be-
lieved storm-generated waves and predators were two 
primary sources of bottom disturbance and that they 
controlled benthos distribution . Heterogeneous preda-
tion may easily generate a patchy distribution and 
storm-generated waves act in part upon the patchiness 
in substratum mass properties (McCall, 1978) . 

Thus, existing data indicate that a tropical cy-
clone may cause a perturbation from which benthos 
takes over two years to recover, while hypoxic bottom 
conditions (assumed to be related to effects of a red 
tide) may only affect the benthos for slightly over one 
year . Frequent occurrence of tropical cyclones and hy-
poxic bottom conditions may result in permanently im-
poverished benthic fauna, in both number of species 
and number of individuals, off the coast of Louisiana . 
Sharp and Appan (1978) stated that "natural phenom-
ena such as floods and turbid layers" have much greater 
impact upon the ecosystem than do man's activities, 
e.g ., petroleum drilling and production activities . 

a. Tropical Cyclones 
From 1871 through 1977 a total of 850 tropi-

cal cyclones of different intensities have been recorded 
over the North Atlantic area including the Gulf of Mex-
ico (Neumann et al ., 1978) . Tropical cyclones are nonf-
rontai low pressure large-scale weather systems that de-
velop over tropical or subtropical waters and have a def-
inite organized circulation . They are the most powerful 
and destructive of all storms as reported by Dunn and 
Miller (1960) and Tannehill (1956) in Hayes (1978) . 
They can be further classified on the basis of wind 
speed : tropical depression (<33 knots), tropical storm 
(34 to 63 knots), and hurricane (>64 knots) . 

From 1899 until 1977, 140 hurricanes and 117 
tropical storms crossed or passed immediately offshore 
the United States . Since 1899, 20 tropical cyclones of 
hurricane strength have directly hit the Louisiana coast ; 
11 had sustained winds of at least 111 miles per hour . 
The area from Lake Charles, Louisiana to Biloxi, Mis-
sissippi has the highest frequency of hurricanes of any 
area from Texas to Maine except for three locations : 
south of Galveston, Texas ; east of Pensacola, Florida; 
and north of Miami, Florida (Neumann et al., 1978) . 
The Louisiana continental shelf is also affected by nu-
merous tropical cyclones which do not directly hit Loui-
siana. These tropical cyclones may begin as early as 
May, reach a peak in early September, and end in De-
cember. 

Tropical cyclones bring high winds causing 
high waves and often are accompanied by a large 
amount of rainfall (Taylor, 1974 ; Hayes, 1978) . The ef-
fects of wind and storm surge are typically greatest in 
the right semicircle of a storm where the storm's motion 
and wind are complementary and may extend for more 
than 160 km along the coastline (Hayes, 1978 ; Neumann 
et al ., 1978) . The path of a single storm may be 300 to 
500 km wide . At one point Hurricane Carla's(1961) cir-
culation enveloped the entire Gulf of Mexico, and fringe 
effects were felt in all the Gulf coast states (Cooperman 
and Sumner, 1962, in Hayes, 1978) . Duration of tropi-
cal cyclones may be from 1 to 31 days with an average of 
8 to 9 days . Very brief storms, as exemplified by Tropi-
cal Cyclone Bob, 1979, which formed and hit land 
within 24 to 48 hours, typically form in the Gulf of Mex-
ico . 

High waves cause disturbance of the bottom 
sediments. Of great importance in this disturbance of 
the sediments are: 

" at what water depths the disturbance is felt 
" how deep within the sediment the distur-

bance penetrates 
" how much sediment resuspension and/or 

deposition occurs 
" how long this sediment disturbance lasts. 

In conjunction with high waves, strong bot-
tom currents add considerably to sediment disturbance . 
Murray (1970) measured currents up to 160 cm per sec 
in 6.3 m of water off the coast of northwest Florida dur-
ing Hurricane Camille(1969) . McCall (1978) stated that 
most fine-grained natural sediments are entrained from 
the bottom at such stresses that the combined effect of 
storms and tidal currents had little influence on the bot-
tom at depths greater than 20 m. About one week after 
the passage of Hurricane Belle (1976), storm effects at 
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20-m depths in Long Island Sound were difficult to see 
below 0.5 cm . At 27-m depths no storm effects of any 
kind could be seen (McCall, 1978) . 

McCall (1978) found disturbance as deep as 
4.5 to 5 cm within the sediments in 13 m of water in 
Long Island Sound . Yeo and Risk (1979) reported that 
in Minas Basin, Bay of Fundy, the large bivalves Ma-
coma balthica that were buried 12 cm below the surface 
survived Hurricane Beulah (September, 1967) . The bur-
rowing amphipod Corophium volutator, which rarely 
burrowed deeper than 4 cm, was greatly depleted by 
Hurricane Beulah . As a result of the hurricane, sedi-
ment erosion occurred as deep as 9 cm at some stations . 

Disturbance of the sediments is reduced some-
what by the stabilizing effect of polychaete tubes, am-
phipod tubes, phoronid tubes (Rhoads, 1974 ; Ronan, 
1978 ; Biernbaum, 1979 ; Virnstein, 1979) and mucilagi-
nous matrices by microorganisms in shallow waters 
(Ginsburg and Lowenstam, 1959 ; Frankel and Mead, 
1973 ; Holland, Zingmark, and Dean, 1974 ; Rhoads, 
Yingst, and Ullman, 1978 ; Yingst and Rhoads, 1978) . 
Stabilization of bay sediments by the green alga Vauche-
ria has been observed in Trinity Bay, Texas, for several 
years (J . Thomas Ivy, personal communication) . Areas 
between the patches of Vaucheria were often scoured to 
depths of 7 .6 cm . Stabilization minimizes sediment re-
suspension and subsequent disturbance of the sediment 
and associated organisms as the first vestiges of the 
storm or hurricane approach the area (Woodin, 1978) . 
In some areas, these stabilizing structures may remain 
intact but are covered by deposits which may subse-
quently smother the entombed organisms . 

As a result of the sediment disturbance, the as-
sociated organisms may be exposed, swept into the 
water column, and subsequently reburied or buried in 
place by deposited sediments . Either way, the organism 
must regain its "normal" position and have access to an 
oxygen supply. As determined by Trevor (1978), bur-
rowing, as a means of locomotion, is relatively expen-
sive energetically . Continuous burying of the organisms 
may result in smothering because the accumulation is 
more rapid than the organism can handle . Rhoads 
(1974) reported that Moore and Scruton (1957) inti-
mated that sedimentation rates greater than 12 cm per 
year tended to be stressful to the benthos . Zabawa and 
Schubel (1974) in Hayes (1978) stated that after Hurri-
cane Agnes (1972), 17 cm of new sediment had been de-
posited in the upper reaches of Chesapeake Bay . Such 
sediment redeposition due to tropical cyclones can be 
stressful or harmful to the benthos . If deposition is too 
rapid the animal may become exhausted because of the 
tremendous energy output and subsequently die . Robins 
(1957) found that, as a result of persistent onshore 
winds and turbulent conditions, the suspended sand 
clogged and tore the gills of fish and forced them onto 
broad shoals, resulting in death. 

Often associated with tropical storms and hur-
ricanes are tremendous rainfalls (Behrens, 1969 ; Parker 
and Baker, 1969; Scott, Hoover, and McGowen, 1969; 
Taylor, 1974 ; Boesch et al ., 1976 ; Hayes, 1978) . The re-
sult is flooding, in this case by the Mississippi River and 
its tributaries, the Atchafalaya River and Bayou La-
fourche . Large amounts of detritus are then emptied 
into the coastal bays and the Gulf of Mexico . Effects of 
the inflow of large amounts of organic material is 

discussed below under the section on Hypoxic Bottom 
Conditions . 

Because of Tropical Storm Debra, Cruise II-A 
was aborted after partial completion of sampling at Pri-
mary Site P3 . As a result of the storm, the water column 
was well mixed, eliminating the pycnocline that had 
caused hypoxic conditions over the study area for seve-
ral months . More macroepifauna and demersal fish re-
turned to stations where there had been very few num-
bers of individuals before Debra (Seltzer and Bedinger, 
1978) . No direct assessment of the effects of Debra on 
the meiofauna and macroinfauna can be made. Re-
moval of the hypoxic conditions would have reduced the 
stress on the meiofauna and macroinfauna . Any dam-
age due to sediment disturbance was probably disrup-
tive and had a negative effect . Therefore, it is assumed 
that the overall effect of Tropical Storm Debra on the 
meiofauna and macroinfauna was reduction . 

b. Hypoxic Bottom Conditions 
Bedinger (1979), in a preliminary report of 

this study, noted that during Cruises I and II several sta-
tions were marked by very small trawl catches and very 
low dissolved oxygen (D.O.) (no values given) levels . A 
map drawn by Bedinger which characterized this hy-
poxic area included Sites P1, P2, S7, S11, S12, 520, and 
C22, with C24 appearing to be a westerly extension of 
this hypoxic area (the area probably included S19 ; see 
below) . 

Rate of oxygen consumption is influenced by 
activity, health of the organism, temperature, body size, 
nutrition, stage in life cycle, time of day, and season, as 
well as by previous oxygen requirements and genetic 
background (Prosser and Brown, 1961 ; Kemp, Abrams, 
and Overbeck, 1971) . Therefore, oxygen requirements 
for the benthos, in general, are quite varied and it is dif-
ficult to assign a D.O . value below which stress or death 
will occur . Sverdrup, Johnson, and Fleming (1942) state 
that in general, 100% oxygen saturation of seawater, at 
temperatures (25 C) and salinities (32.5%) similar to the 
Gulf of Mexico, occurs at 6.54 ppm . Thus, any D.O . va-
lues less than 6.54 ppm might cause stress or death . The 
Environmental Protection Agency (1976, p. 224) and 
McKee and Wolf (1963) stated that the minimum con-
centration of D .O . necessary to maintain good freshwa-
ter fish populations was 5 ppm. Garlo, Milstein, and 
Jahn (1979) found reduced numbers and dead benthic 
organisms between Sandy Hook and Cape May, New 
Jersey, at D.O . readings of 4.8 ppm and less . Therefore, 
a D.O . measurement of 5 ppm or less may be considered 
as causing stress, with possible death at lower values . A 
low level of D.O . may also cause increased susceptibility 
to other environmental stresses (Kemp et al ., 1971) . 

Table 142 presents D.O. values measured 
from 1 to 10 m from the bottom at each Primary, Sec-
ondary, and Control Site for each Cruise. Since D.O. 
recordings were not always measured directly on the 
bottom, actual bottom D.O . values may have been 
lower . Dissolved oxygen readings of 3 ppm or less were 
measured at P1, C21, C22, and C24 during Cruise I and 
at P2, P4, 516, and C21 during Cruise II . Readings of 5 
ppm or less were recorded at 63% of the locations dur-
ing Cruise I and at 54% during Cruise II . Therefore, a 
large area was experiencing stress . These hypoxic condi-
tions lasted from May through September, when condi-
tions were brought back to "normal" by Tropical 
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TABLE 142. Near-bottom dissolved oxygen 
measurements at each Primary, Secondary, 

and Control Site for each cruise . 

Dissolved Ox en m I 
Site Cruise I Cruise II Cruise III 
POI 3.1 9.6 5.8 
P02 6.2 2.4 5.6 
P03 4.4 4.2 6.8 
P04 6.8 3.0 7.4 
SOS 8.4 
S06 6.0 
S07 4.6 
S08 5.0 
S09 4.4 
S10 6.3 
S11 6.0 
S12 4.4 
S13 5 .0 
S14 6.0 
S15 4.2 
S16 2.7 
S17 5 .0 
S18 6.6 
S19 6.2 
S20 6.1 
C21 3.0 2.4 5 .6 
C22 1.6 6.0 7 .2 
C23 7.6 4.6 7.4 
C24 1.3 6 .2 10.4 

All dissolved oxygen values were measured within 10 m of the bottom . 

Storm Debra. No D.O . values of 5 ppm or less were re-
corded during Cruise III . Brown's microbiological anal-
yses of selected sediment samples, preliminarily re-
ported by Bedinger (1979), indicated a decrease in sul-
fate-reducing, hydrocarbon-utilizing bacteria as 
distance from the Mississippi Cone increased westward . 

During the expedition to the Gulf of Mexico 
by the Atlantis in 1935, low D.O . values of 3.9 ppm 
were recorded off the Mississippi Delta at depths 
around the 180-m contour (Richards, 1957) . This area 
of low D.O . at similar depths extended west to off the 
coast of Corpus Christi, Texas, and east to off the coast 
of Alabama. Recently, hypoxic bottom conditions have 
been reported in the area 8 to 20 km east of Freeport, 
Texas (McKinney et al ., 1980) . 

Oetking (1974) recorded bottom D.O . values 
of 2 to 7 ppm on the Louisiana shelf near Timbalier Bay 
during portions of 1972 to 1974 . Farrell (1974a), in as-
sessing the effects of producing oil wells on the benthos, 
commented that the low D.O . in 1972 did not cause 
widespread mortality ; but low oxygen values in July, 
1973 had "catastrophic" effects on the biota of most 
stations . Farrell also noted little sign of recovery by Jan-
uary, 1974 . In 1973 a Nicholls State University (Thibo-
daux, Louisiana) research team discovered hypoxic bot-
tom waters 2 to 7 m thick at depths from 6 to 33 m on 
the central Louisiana shelf (from Flowers, Miller, and 
Gann, 1975 ; Harris, Ragan, and Kilgen, 1976 as re-
ported by Ragan, Harris, and Green, 1978) . This situa-
tion persisted from May, 1973 through March, 1974 and 
covered from 27% (December) to 93% (July) of the area 
under study . Almost half of the D .O . readings were 
anoxic, i .e ., 0.0 ppm. Adjacent bottom waters with 

normal oxygen regimes had temperature and salinity 
characteristics of the area under study (Ragan et al ., 
1978) . Anoxic waters were again encountered from 
May, 1974 through August, 1975 . Ragan et al . (1978) 
found hypoxic waters during 1975 and 1976 in an area 
from just west of the Mississippi Cone to just east of 
Cameron, Louisiana, at depths of about 6 to 37 m, 
which included a good portion of the area for this pro-
ject . Ragan et al . (1978) in a study of the bottomfishes 
of the Louisiana shelf reported oxygen concentrations 
averaging 1 .3 to 1 .7 ppm at 18- to 24-m depths during 
the warmer months of 1975 and 1976 from just west of 
the Mississippi Delta to offshore Morgan City . 

Fotheringham and Weissburg (1979) also re-
ported on this hypoxic area off the coast of Louisiana, 
west of the Mississippi Cone . Their study area was fur-
ther west than the main part of the area for this project ; 
it extended south of Morgan City and included Ship 
Shoal (Secondary Site P19, this Central Gulf Platform 
Study) . Dissolved oxygen concentration was commonly 
less than 0.1 ppm in a water layer 3 to S m above the 
bottom . This phenomenon was observed in March and 
for about three weeks during July and August, 1978 . 
This later period corresponds to the interval between 
Cruise I and Cruise lI of this study . 

The primary cause of the hypoxic layer ap-
peared to be a large discharge of low salinity, organic-
laden water from the Mississippi and its tributaries, i . 
e ., Bayou Lafourche and the Atchafalaya River (Fothe-
ringham and Weissburg, 1979) . During Cruise I the high 
level of flood stage of the Mississippi River was person-
ally observed by the senior author at Venice, Louisiana . 
Gunter (1952), in documentation of the changes in the 
Mississippi, noted that in 1543 a rise in the River caused 
extensive lateral flooding often extending "several 
leagues" or up to "50 miles" from the river banks . As 
levees began to be constructed in 1717 and extended for 
great distances along the Mississippi, floods were con-
fined to the channel and water levels rose . The lateral 
flooding allowed for sediment deposition which greatly 
reduced the amount of sediment carried by the Missis-
sippi into the Gulf of Mexico . Channeling caused by the 
levees increased the flow rate and reduced sediment de-
position in the channel so that now large amounts of 
sediment and organic debris are introduced directly into 
the Gulf of Mexico . Wright (1972) reported that the 
Mississippi River transported about 500 million tons of 
sediment to the Gulf annually ; almost 29% of this was 
funneled through the Southwest Pass . Henry (1961) as 
stated by Wright (1972), found that the suspended load 
of the Mississippi typically consisted of 40% silt, 50% 
clay, and 5 to 10% very fine sand . The increased chan-
neling has also funneled more water down the Atchafa-
laya River (Gunter, 1952), thereby extending the large 
input of sediment considerably westward of the mouth 
of the Mississippi . Murray (1976) as quoted by Ragan et 
al . (1978) stated that the freshwater discharge from the 
Atchafalaya diluted coastal waters all the way to the 
Texas border . The combined discharge of the Missis-
sippi and Atchafalaya Rivers amounts to 90% of the 
total average discharge along the Louisiana coast (Gai-
dry and White, 1973, from Ragan et al ., 1978) . 

Flooding on the Mississippi, i .e ., water levels 
high enough to overflow the natural levees or banks, 
usually occurs once every 3.6 years based upon 58 major 
floods recorded from 1717 to 1929, as stated by Elliot 
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(1932) in Gunter (1952) . The high water crest usually ar-
rives from March to May, but may be as early as Janu-
ary . Data from this project and Fotheringham and 
Weissburg (1979) indicate that the hypoxic layer was 
present at various locations along the Louisiana coast 
from March until August, 1978 . Oxygen depletion prob-
ably resulted from the decomposition of debris im-
ported by terrestrial runoff and isolated from the sea 
surface by a pronounced pycnocline . During Cruise I, 
large red-water blooms of the protozoan ciliate Mesodi-
nium (Joseph D. Zotter, Sr ., personal communication) 
were observed on the water surface in the study area by 
the senior author and others in the scientific party . This 
increased secondary productivity coupled with pro-
longed and relatively undisturbed stratification may 
have contributed to the continued oxygen depletion, 
which was similar to that found by Indrebo, Pengerud, 
and Dundas (1979) for primary productivity in a perma-
nently stratified estuary . Garlo et al,(1979) describes a 
similar condition off the New Jersey coast in the New 
York Bight . 

The 1978 occurrence was intensified and 
prolonged by the intrusion of high salinity bottom water 
from a Loop Current eddy during a time of low vertical 
mixing (Fotheringham and Weissburg, 1979) . Produc-
tion of an hypoxic area off the coast of Louisiana ap-
pears to be only a recent phenomenon, probably begin-
ning around 1885 with the initiation of extensive levee 
building, and reaching a maximum soon after 1927, 
when the "whole levee" system was greatly extended 
and "more or less stabilized" (Gunter, 1952) . With the 
extensive building of the levee system, more Mississippi 
River water was diverted down the Atchafalaya, which 
extended the effects of Mississippi flood stages consid-
erably westward of the mouth of the Mississippi . Such 
prolongation and extent of the hypoxic conditions ap-
peared to be primarily controlled by the occurrence of 
vertical mixing . A pronounced and prolonged pycno-
cline was observed by Garlo et al . (1979) to cause the ex-
tensive benthic mortalities between Sandy Hook and 
Cape May, New Jersey . However, Ragan et al. (1978) 
observed that the apparent reduction in the extent and 
intensity of the reduced D.O . from 1973 to 1976 was ac-
companied by a decline in the volume of river dis-
charges, e.g ., the Mississippi and Atchafalaya Rivers . 
Harris et al . (1978), in Ragan et al . (1978), found a di-
rect correlation between discharge rates and the inci-
dence of oxygen-deficient readings on a monthly basis . 
Appearance of a tropical storm or hurricane in late sum-
mer may resume vertical mixing, thus reducing hypoxic 
conditions ; but it may also foster additional river dis-
charge as a result of heavy rainfall, therefore adding 
more nutrient-rich runoff (Taylor, 1974) . 

Such intensity as demonstrated in 1978 ap-
pears not to have been experienced since 1973 or 1974, 
as evidenced by the sudden death of large bivalves, 4 to 
S years old, and the study of Green (1978) (from Fothe-
ringham and Weissburg, 1979), who found hypoxic bot-
tom water in the same area off Morgan City . Recently 
deceased bivalves, Dinocardium robustum, Atrina ser-
rata, Mercenaria campechiensis ; the gastropod Poli-
nices dupGcatus, decapods Callinectes sapidus and AI-
6unea paretii, and various polychaetes were observed 
(Fotheringham and Weissburg, 1979) . Reduced densi-
ties were observed for the anthozoan Paranthus rapifor-
mis, the bivalve Mulinia lateralis, and polychaetes 

Spiophanes bombyx and Mediomastus californiensis. 
However, Nassarius acutus, a scavenging gastropod, in-
creased dramatically in density . Garlo et al . (1979) 
found greater than 50% mortalities for the bivalves Nu-
cula proxima and Mulinia lateralis in the area from 
Sandy Hook to Cape May, New Jersey . Sharp and 
Appan (1978) reported that the 1973 Mississippi River 
flood imposed much greater variation on copepod dis-
tribution, diversity, and composition than any other 
"natural event' . 

As a result of increased organic input and 
low dissolved oxygen, reducing conditions result in the 
subsequent formation of HZS . Oxygen-deficient and 
HZS-containing areas are characterized by a decline in 
numbers of species (Theede et al ., 1969) . There are a 
few representatives of different systematic groups, Pro-
tozoa, Rotifers, Gastrotricha, Turbellaria, Nematoda, 
Polychaeta, Oligochaeta, Lamellibranchia, Gastro-
poda, Copepods, other Crustacea, and Tardigrada, 
which have a relatively high resistance to oxygen defi-
ciency. 

With the disappearance of oxygen, there is 
an initial reduction of nitrates and nitrites by bacterial 
break-down of organics, followed by a corresponding 
reduction of sulphates, which in turn leads to the forma-
tion of sulfides and HZS (Theede et al ., 1969) . Smaller 
amounts of HZS are formed by the putrefaction of pro-
tein . Sediments of silt and clay mixtures, which are 
often aerated, tend to be rich in sulfides and HZS. 

Hydrogen sulfide is an extremely potent 
metabolic poison which is lethal to most vertebrates and 
invertebrates at low concentrations (<1 ppm) (Powell, 
Crenshaw, and Rieger, 1979) . It is almost ubiquitous 
and occurs at varying depths in marine sediments at 
concentrations well above this lethal limit ( 1 to 300 
ppm) . Fenchel and Riedl (1970) state that an anaerobic 
sulfide system of great complexity underlies the oxidized 
layer of all marine bottoms, except at narrow "high-en-
ergy windows" along surf-stressed beaches . 

The principal effect of HZS at low concen-
trations is believed to be inhibition of the iron con-
taining oxidative enzymes (Smith and Gosselin, 1964, 
1966, in Caldwell, 1975) . Resistance to HZS toxicity ap-
pears to be related to the degree of facultative anaero-
biosis of which an organism is capable (Caldwell, 1975) . 
Resistance to HZS by polychaetes, lamellibranchs, gas-
tropods, crustaceans, and echinoderms parallels that to 
oxygen deficiency alone (Theede, 1973) . This resistance 
to HZS is significantly higher at low temperatures and at 
reduced pH values . Bivalves have a pronounced ability 
to resist oxygen deficiency and HZS by reduced mechan-
ical and metabolic activity through responses of the en-
tire animal and by cellular reactions (Theede et al ., 
1969 ; Theede, 1973) . Inhabitants of soft substrates are 
more resistant than those of hard or sandy bottoms, and 
active organisms are less resistant than sessile or slow 
moving forms . Caldwell (1975) suggested that most es-
tuarine organisms live very close to their tolerance limits 
for hydrogen sulfide . Temporary increases in oxygen 
consumption at "normal" oxygen tensions after subjec-
tion to oxygen-deprived seawater indicate adaptations 
to oxygen deficiency (Theede, 1973) . Powell et al . (1979) 
found that a sulfide detoxification system existed in the 
body wall of interstitial metazoans . 

Off the coast of Louisiana this annual hy-
poxic condition, with periodic high intensity, will have 
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an effect upon composition, age structure, and varia-
tion in the benthic fauna, both invertebrate and verte-
brate (Fotheringham and Weissburg, 1979) . The long 
period of reduced D.O . observed in the water column in 
1978 appeared to be the result of continued input of or-
ganic rich runoff, continued stratification, and in-
creased primary productivity . An already extensive pe-
riod of stress was prolonged by a lag time between de-
creased D.O . in the water, 1 to 10 m above the bottom, 
and decreased D.O . in the upper sediment layers similar 
to that found by Indrebo et al . (1979) in a permanently 
stratified estuary . 

It is difficult to assess this effect of hypoxic 
conditions on the benthic populations, but an effect is 
mirrored in reduced diversity (Nichols, 1976 ; Nichols-
Driscoll, 1976) . Long-term and stable hypoxic condi-
tions lead to a diverse community with the optimal strat-
egy being to use available energy to maintain a high re-
productive rate by mainenance of small bodies, early re-
production, and a short life span . Such stable long-term 
hypoxic conditions do not occur off the coast of Louisi-
ana. Nichols (1976) stated that Rhoads and Morse 
(1971), in a study of the Back Sea, Gulf of California, 
and continental borderland basins of California, con-
cluded that water containing less than 0.1 ppm oxygen 
was azoic, oxygen concentrations between 0.3 and 1 .0 
ppm supported a low diversity assemblage of small, 
soft-bodied fauna, and as the oxygen concentration ex-
ceeded 1 .0 ppm, species diversity increased signifi-
cantly, especially for calcareous species . Tables 16, 18, 
and 20 (See section on Species Diversity above) summa-
rize these data for meiofauna, macroinfauna, and mac-
rcepifauna and demersal fish at each Primary, Second-
ary, and Control Site for all three cruises . As indicated 
by the tables, some stations which had low D.O . values 
(as defined above) were accompanied by relatively low 
diversities . 

During Cruise I, meiofauna diversities were 
low at P3, C21, C22, and C23 (See Table 16 above) . 
Three of these four sites had D.O . levels of 4.4 and 
lower . The anomalies were P 1 and C24, where low D.O . 
values were measured, but where diversity was relatively 
high . At all the Primary Sites, diversities were lower 
during Cruise II than during Cruise I, with three of 
these sites having D.O . values of 4.2 ppm and below . 
Diversities less than 2.0 were calculated for S7, S8, S9, 
S12, and S13, which all had correspondingly low D.O . 
measurements . Low D.O.'s were measured at 515, 516, 
and 517, which had high diversities . These high diversi-
ties at low D.O . stations may reflect the lag period be-
tween reduced D.O . in the water, 1 to 10 m above the 
bottom, and reducing conditions in the sediment as 
mentioned by Indrebo et al . (1979) . All Cruise III diver-
sities were relatively high and no low D.O . values were 
recorded . 

Macroinfauna diversity results from Cruise 
I showed a low diversity at P1 and the highest diversity 
at P3, both sites with low D.O .'s (See Table 18) . Con-
trol Sites with low D.O . values had correspondingly low 
diversities . During Cruise II, there was no consistent 
pattern of low D.O . and low diversity except at P2 and 
C21. Again the lag time between hypoxia in the water, 1 
to 10 m above the bottom, and reducing conditions in 
the sediment may partially explain these inconsistencies ; 
however, there may have been other factors not evident 

at this time . During Cruise III the diversities were 
generally high . 

Low diversities for macroepifauna and de-
mersal fish corresponded to low D.O . values at P3, C22, 
and C24, Cruise I (See Table 20 above) . However, low 
D.O.'s were also measured at P 1 and C21, both of 
which had the highest diversities for Primary and Con-
trol Sites, respectively, during Cruise I . Since D.O . 
readings were not taken in conjunction with the trawl 
samples during Cruise II, caution should be exercised in 
comparing these diversity and D.O . values . Although 
there was no consistent pattern, low diversities were re-
corded at several sites and organisms were evidently 
stressed because of hypoxic conditions . Relative to 
other diversity values calculated for Cruise III, low di-
versities were obtained at P4, C22, and C23, but low 
D.O . was not recorded . In areas of hypoxia, the fish 
and larger non-sessile macroepifauna can move out of 
the area to better oxygenated areas depending upon the 
extent and severity of hypoxia (Garlo et al ., 1979) . This 
movement, rather than death, may be reflected in the 
low diversities for macroepifauna and demersal fish . 

Thus, it appears that the hypoxic water 
layer did have an effect on the benthos as evidenced by 
the number of corresponding low diversities at 45% of 
the low D.O . stations . High diversities at low D.O . loca-
tions may be partially explained by the lag in time be-
tween an hypoxic water layer, 1 to 10 m off the bottom, 
and reducing conditions in the sediments (Indrebo et al ., 
1979) . This hypoxic water layer also affected the num-
ber of species and number of individuals of meiofauna, 
macroinfauna, and macroepifauna and demersal fish, 
as reflected by reduced diversities . 

Since al : least 1959, the National Marine 
Fisheries Service (NMFS) has been gathering statistical 
data on the total shrimp catch (interview and non-inter-
view) landed at Gulf coast ports (Caillouet, Patella, and 
Jackson, 1979 ; NMFS, 1971, 1972, 1973, 1976, 
1977a,b) . To facilitate reporting of this data, the Gulf 
of Mexico has been divided into Fishing Grid Zones . 
The area from the Mississippi River to the Texas-Louisi-
ana border has been divided into the following zones' 
13-Mississippi River to Bayou Lafourche, 14-Bayou La-
fourche to Atchafalaya River, and 15-Atchafalaya 
River to Tigre Point . 

Table 143 presents pounds of Penaeus azte-
cus, P. setiferus, and total catch of all shrimp for each 
of the above three zones from 1971 to 1977 and presents 
only those data readily available to the authors . From 
this information, it can be seen that total shrimp catch 
in Zone 14 was much lower than in adjacent Zones 13 
and IS . This reduction was equally mirrored in both 
brown and white shrimp except in 1971 and 1972 when 
the catch of P. aztecus in Zone 14 was higher than in 
Zone 15 . 

The senior author is not aware of how 
many years the shrimp catch in Zone 14 has been lower 
than in the adjacent zones . Fishing Grid Zone 14 in-
cludes much of the area of reported hypoxic conditions 
and has one of the highest concentrations of petroleum 
production platforms in the Gulf of Mexico (Charles W. 
Caillouet, personal communication) . McKinney et al . 
(1980) reported that commercial shrimping, in the area 
of hypoxic bottom conditions offshore Freeport, Texas, 
was greatly affected as shrimp populations apparently 
moved offshore to escape the low oxygen conditions . 
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TABLE 143 . Pounds of shrimp in National Marine Fisheries Service (NMFS) fishing grid zones from the Mississippi 
River to Texas (NMFS, 1971, 1972, 1973, 1976, 1977a, 6) 

Fishing Grid 13 14 15 
I rnnic<c«i., .,i m aavnu Lafnurchel I (Bayou Lafourche to Atchafalaya River) I Atachafalaya River to Tigre Point) 

Date P. a.' P. s., Total2 P. a. P. s. Torah P. a. P. s. Total2 

1971 3,476,733 3,084,266 6,582,947 2,702,499 1,306,417 4,030,175 2,520,187 6,785,839 9,403,096 

1972 5,101,224 1,908,667 7,316,585 3,232,648 862,339 4,181,159 2,773,950 7,129,825 10,688,692 
1973 4,253,700 1,654,489 6,162,158 1,535,903 539,520 2,260,000 2,297,264 3,969,160 7,054,800 
1976 7,028,094 2,845,745 9,992,047 1,967,996 386,965 2,420,296 4,010,220 7,463,895 11,564,982 
Feb. 1977 65,772 40,488 106,260 50,936 16,760 67,696 105,655 123,164 228,819 

lune1977 2.460,987 28,866 2,489,853 977,033 136,532 1,130,175 2,034,809 249,323 2,294,13 2 

1P . A. ~ Penaeui uucua 
P . s . - Pmarns setiferw 
2Totals; for all shrimp . 
3Dau represents annual summary . 

Low shrimp catch in Zone 14 cannot be attributed to hy-
poxic bottom conditions and/or the presence of the 
platforms alone, but may be the result of a combination 
of the two. 

8. Summary of Population Estimates 
The primary purpose of this section is to discuss 

the limits that circumscribe the benthic population 
under study . With this information, that portion of the 
benthic population being analyzed can be defined with 
some degree of accuracy and statistical analyses can be 
interpreted and compared to other studies within proper 
limits . Emphasis in this section has been placed mainly 
on the meiofauna and macroinfauna, since trawling ef-
forts were not directed at specifically quantifying the 
macrcepifauna and demersal fish . 

Table 144 summarizes population estimates for 
meiofauna, macroinfauna, and macroepifauna and de-
mersal fish . The sieve sizes used for meiofauna and 
macroinfauna tended to provide good estimates of the 
respective populations except for the number of mac-
roinfaunal individuals . Depth of penetration of the core 
and Smith-McIntyre grab also provided good estimates 
of the meiofauna and macroinfauna populations, re-
spectively . However, the number of sample replicates 
provided low estimates for the number of individuals of 

both the meiofauna and macroinfauna. Biomass and 
length values tended to reflect good population esti-
mates of the macroepifauna and demersal fish . Based 
upon the literature and the diversity index, Tropical 
Storm Debra and the hypoxic bottom conditions proba-
bly caused a reduction in number of species and number 
of individuals of each population group . Because of the 
sampling pattern, the meiofauna exhibited a clumped 
distribution and the macroinfauna exhibited a random 
dispersion pattern. 

B. Population Abundance and Distribution 

l. Taxonomic Composition and Population Trends 

a. Meiofauna 
Nematoda or Harpacticoida tend to domi-

nate most meiofauna studies (Coull, 1979) . Rank order 
and percent abundance of dominant meiofauna faze are 
presented for eleven studies in Table 145 . In three stud-
ies Harpacticoida were second, in two localities Forami-
nifera were second, and Polychaeta and Kinorhyncha 
were second in one study each . In this project, Forami-
nifera were the most abundant taxa and were followed 
by the Nematoda. In previous studies nematode abun-
dance was the largest and ranged from 51 to 99% of the 
total number of individuals (Table 145) . 

TABLE 144 . Summary of population estimates . 

Meiofauna Macroinfauna 
Percent of Population 

Macroe ifauna Demersal Fish 

Population No . No . No . No. No . No . Biomass/ No . No. Biomass/ 

Estimate Spec ies Individuals Spec ies Individuals Spec ies Individuals Len gth species Individuals Len gth 

Sieving 100 90 >93 0 NA NA NA NA NA NA 

9p >9p 85 to 90 85 to 90 NA NA NA NA NA NA 
Penetration' 
Sample 85 to 93 48 to 60 81 to % 38 to 62 NA NA NA NA NA NA 
Replication 

Dispersion Clumped Clumped Random Random NA NA NA NA NA NA 

N'°'= NA NA NA NA NA 87 to 95 NA NA 87 to 95 
Estimates 

Length NA NA NA NA NA NA NA NA NA %to100 
Estimates 

V 
NA NA NA NA UE= UE NA UE UE NA 

ariability 

Tropical Reduced Reduced Reduced Reduced Reduced Reduced Reduced Reduced Reduced Reduced 
Cyclones 

Hypoxic 
Bottom Reduced Reduced Reduced Reduced Reduced Reduced Reduced Reduced Reduced Reduced 

Conditions 
'Percent meiofauna based upon thmt cores at each station and macroinfauna baxA upon ten 

gobs aleach station . 

=NA denotes Nor ADDliuble or Nor Analyzed for that particular group . 

UD denotes population predominantly nocturnal in preference, and thus Underestimated . 
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TABLE 145 . Rank order and percent abundance of dominant meiofauna taxa based upon the literature . 

Locality Nematoda Har acticoida Foraminifera Pol chaeta Kinorh ncha Reference 
Offshore South Texas 1/ 2/ Pequegnat(1977) 

Buccaneer Oil Field, 1 ~ 2/ Harper (1977) 
Offshore Texas 

Offshore Alabama, 1/70"le 2/14% 3/ Dames and Moore 
Mississippi, West (1979) 
Florida 

Georgia Bight I/60^/e 2/16 .440 3/9.8^/o Tenorcetal . 
(1978) 

Georgia Bight, 1/51% 2/19 .1% Coull(1979) South Atlantic 

North Inlet Estuary, 1/67 to 98014 Sikora et al . 
South Carolina ( 1977) 

North Carolina 1 Tietjen(1971) 

Nianuc and 
Peuaquamscutt Estuaries, I/58 w 90°1o Tietjen (1%9) 
New England 

Martha's Vineyard, 1/ 2/ 3/ Wigley and McIntyre 
Massachusetts (1964) 

Buzzard's Bay, 1/89 to 99% 2/ W ieser (1960) Massachusetts 

North Sea 1/ 4/ McIntyre (1964) 

Meiofaunal densities of 106 per m2 may occur 
worldwide and decrease with increasing depth (Coull, 
1979) . Densities as high as 2.6 x 107 per m2 have been 
reported from mud flats . Compendia of meiofauna den-
sities from various studies were prepared by Thorson 
(1966), McIntyre (1969), and Tietjen (1971) . Worldwide 
sublittoral meiofauna densities ranged from 4 to 3,163 
per 10 cmz . Table 146 presents the meiofauna densities 
from selected localities from the Gulf of Mexico and 
eastern United States . Meiofauna densities ranged from 
7 to 186,000 per 10 cm2. Meiofauna densities found in 
the present project ranged from 3.7 to 4,331 .8 per cmz ; 
these values tend toward the low end of densities previ-
ously reported for both the Gulf of Mexico and the east-
ern coast of the United States . 

In this project, meiofauna populations had 
the highest numbers during Cruise I (May), dropped by 
two-thirds during Cruise II (August to September), and 
to almost one-half of Cruise II values in Cruise III (Jan-
uary) . This differs from the macroinfauna populations, 
which tended to increase slightly in Cruise III . Harper 
(1977) found Buccaneer Oil Field meiofauna popula-
tions to be the lowest in October to November, and then 
to increase in April . Apparently both Buccaneer and 
Central Gulf Platform Study meiofauna populations ex-
hibit similar seasonal trends . 

b. Macroinfauna 
A total of 546 different macroinfauna taxa 

were identified in this study . Holland (1977) identified 
715 different taxa in the BLM South Texas OCS Pro-
ject, and in the BLM MAFLA OCS Project 1,250 dif-
ferent taxa were collected (Dames and Moore, 1979) . 
Harper (1977) found from 400 to 420 different macro-
fauna taxa in the Buccaneer Oil Field offshore Galves-
ton, Texas . Therefore, the number of different mac-
roinfauna taxa collected in this project was lower than 
that collected in the South Texas and MAFLA Projects, 
which included more subtropical organisms, but higher 
than that collected in the Buccaneer Oil Field . Note also 
that the collecting area in the Buccaneer Oil Field was 
much smaller than in this project, thus limiting the num-
ber of different habitats sampled . 

As in this project, Polychaeta was found to 
be the dominant taxonomic group in the BLM South 
Texas, MAFLA, and South Atlantic OCS Projects 
(Holland, 1977 ; Dames and Moore, 1979 ; Tenore, 
1979) . Polychaeta comprised 65 to 75% of the macro-
fauna at the Buccaneer Oil Field (Harper, 1977) and 
were dominant along the upper Delaware coast (Maurer 
et al ., 1979) and in Cape Cod Bay, Massachusetts 
(Young and Rhoads, 1971) . Harper (1977) found the 
Amphipoda to rank second in dominance and comprise 
10 to 20% of the total population at the Buccaneer Oil 
Field . 

Table 147 presents macroinfauna densities 
from selected localities in the Gulf of Mexico and the 
eastern United States . Densities ranged from 6 to 12,576 
per m2 . Macroinfauna population densities encountered 
in the present project ranged from 45 to 9,338 per m2 
and compare well with other studies from the Gulf of 
Mexico and eastern United States . 

Macroinfauna populations in this project 
were highest during Cruise I (May), lowest during 
Cruise II (August to September), and increased slightly 
in Cruise III (January) . In the BLM South Texas OCS 
Project the largest populations were collected in April 
and September, and then increased slightly in December 
and January (Holland, 1976) . Populations in the Bucca-
neer Oil Field decreased between July and January con-
comitant with temperature decrease and then increased 
in April as temperature increased (Harper, 1977) . Sea-
sonal population highs and lows found in this study 
tend to agree with those found in the BLM South Texas 
OCS Project . Differences between Buccaneer and South 
Texas seasonal population trends, according to Harper 
(1977), may be a result of geographic distance between 
the two study areas ., latitudinal differences, or annual 
differences in temperature trends . The above logic does 
not explain the differences between the Central Gulf 
Platform Study and Buccaneer Oil Field Study . The pri-
mary difference between the Buccaneer and South 
Texas projects and Central Gulf Platform Study is the 
failure of the Buccaneer populations to show increases 
in January . This difference might be one of sampling 
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TABLE 146. Some meiofauna densities from the Gulf of Mexico 
and the eastern United States . 

Location Density Reference 
Offshore South Texas 14 per 10 cm2 to 

>700 per 10 cm2 
Pequegnat (1977) 

Offshore Louisiana 4 to 4,332 per cmz Present Study 

Offshore Alabama, 
Mississippi, West Florida 

65 to 3,952 per 10 CM2 Dames and Moore 
(1979) 

Georgia Bight 853 per 10 cmz Tenore et al . (1978) 

Georgia Bight, 
South Atlantic 

7 to 2,649 per 10 cm2 Coull (1979) 

North Carolina 40 to 1,174 per 10 CM2 Tietjen (1971) 

Long Island Sound 87 to 1,366 per 10 cmz Yingst (1978) 

Niantic and 
Pettaquamscutt Estuaries, 
New England 

1,184 to 5,163 per 10 cm2 Tietjen (1969) 

Martha's Vineyard, 
Massachusetts 

16,900 to 186,000 per 
10 CM2 

Wigley and McIntyre 
(1964) 

Buzzard's Bay, 
Massachusetts 

11 .7 to 98.8 per 
10 CM2 

Wieser (1960) 

TABLE 147. Some macroinfauna densities from the Gulf of Mexico and the 
eastern United States . 

Location Density Reference 
Offshore South Texas 130 to 9,460 per mz Holland (1977) 

Buccaneer Oil Field, 2,902 to 10,937 per m2 Harper (1977) 
Offshore Texas 

Offshore Louisiana 6 to 12,576 per m2 Present Study 

Offshore Alabama, 82 to 9,195 per m2 Dames and Moore 
Mississippi, West Florida (1979) 

Georgia Continental 236 to 7,629 per m2 Frankenburg and 
Shelf Leiper (1977) 

Georgia Bight, 650 to 7,683 per m2 Tenore (1979) 
South Atlantic 

Delaware Coast 6 to 6,920 per mz Maurer et al . (1979) 

Delaware Bay rarely >10 per 0.1 m2 Kinner, Maurer, and 
Leathem (1974) 

Long Island Sound 238 to 10,454 per m2 Yingst and Rhoads 
(1978) 

Buzzard's Bay, 1,064 to 12,576 per m2 Sanders (1958) 
Massachusetts ave . of 4,430 per mz 

Cape Cod Bay, 787 to 3,015 per 0.1 mz Young and Rhoads 
Massachusetts (1971) 

Martha's Vineyard, 700 to 5,500 per mz Wigley and McIntyre 
Massachusetts (1964) 
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since not as much area, and subsequently not as many 
different habitats, were studied in the Buccaneer pro-
ject . 

c. Macroepifauna and Demersal Fish 
There does not appear to be a seasonal differ-

ence in numbers of macroepifauna and demersal fish 
taxa, since the increase in numbers of taxa during Cruise 
II was simply a reflection of the increase in sampling 
sites . Macroepifauna and demersal fish populations (per 
trawl) were low during Cruise I (April to May) because 
of the extensive hypoxic bottom conditions . In Cruise II 
(August to September) populations reached a peak with 
the return of the fauna . This was followed by a slight re-
duction in Cruise III (January), probably a response to 
low temperatures . 

2. Species Diversity 
The ecosystem is the basic functional unit in 

ecology and includes both biotic and abiotic elements, 
each interacting and both necessary for maintenance of 
life (Odum, 1959 ; Wilhm and Dorris, 1968) . Actions of 
the abiotic elements and co-actions between the biotic 
components result in characteristic assemblages of orga-
nisms . The populations of different species that belong 
to an assemblage and occupy a given area form the com-
munity . Natural biotic communities are characterized 
by the presence of a few species with many individuals 
and many species with only a few individuals . 

One method of describing a species' individual 
relationship within a community is by use of a diversity 
index . Diversity indices permit large amounts of infor-
mation about individual-species relationships to be sum-
marized in mathematical terms . Various types of diver-
sity indexes have been proposed ; information theory 
(Margalef, 1968) and rarefaction are two (Sanders, 
1968) . Several indexes have been based upon informa-
tion theory : Shannon (Pielou, 1%9) and Brillouin 
(Kaesler and Mulvany, 1977 ; Kaesler, Herricks, and 
Crossman, 1978) . 

It has been shown that a high degree of correla-
tion exists among the different indices of diversity in 
spite of theoretical distinctions (Livingston, 1976) . Heip 
and Engels (1974) compared fifteen indices of diversity 
and evenness with respect to the statistical significance 
of their differences and similarities and concluded that 
community diversity was best measured by using the 
Shannon-Weiner information function (Pielou, 1969) . 
Recently Kaesler and Mulvany (1977) and Kaesler et al . 
(1978) championed the use of Brillouin's equation be-
cause it is not biased and does not require unrealistic 
assumptions about the populations being sampled . Bril-
louin's equation provides greater insight into the struc-
ture of communities, particularly those from stressed 
environments . 

Tropical regions, for the most part, support a 
more diverse fauna than do regions of higher latitude 
(Sanders, 1968) . In the aquatic environment, marine 
habitats have a larger number of species than do estua-
rine habitats . Wilhm and Dorris (1966, 1968) state that, 
based upon a study of benthic macrofauna in a freshwa-
ter stream receiving domestic and oil refinery effluents, 
diversity values less than 1 indicate areas of heavy pol-
lution, values from 1 to 3 indicate areas of moderate 
pollution, and values exceeding 3 indicate clean water 
areas . Copeland and Bechtel (1971) reported that 

macrofauna diversity was inversely related to pollution 
in Galveston Bay, Texas . Marcotte and Coull (1974) 
found harpacticoid diversity to decrease with increased 
nearness to a waste effluent disposal site . Botton (1979) 
discovered that macrofauna diversity was lower at a 
sludge site in the inshore New York Bight, reflecting de-
creased species evenness . Gray (1978) found meiofaunal 
diversity and evenness to be lower at "polluted" locali-
ties . However, the blanket statement that low diversities 
indicate pollution cannot be supported . A more accu-
rate statement would be that low diversities appear to 
indicate areas of stress, be it man-made or natural 
(Sanders, 1968 ; Marcotte and Coull, 1974 ; Rosenberg, 
1975) . However, this "stress" on the community pop-
ulations may be a result of changes over time, i .e ., cli-
matic stability, spatial heterogeneity, competition, pre-
dation, or productivity (Sanders, 1968) . 

a. Meiofauna 
Diversity at P1 remained fairly stable over all 

cruises but evenness increased, indicating that between 
Cruises I and III the individuals were more evenly dis-
tributed among the collected species . The difference in 
diversity at P2 in Cruises I and III appeared to be the 
result of more species being collected during Cruise I, 
since the evenness values were similar . The dramatic in-
crease in diversity at P3 during Cruise III, based on a 
corresponding increase in evenness, appeared to be a re-
sult of more even distribution of individuals and not an 
increase in number of species . More species were col-
lected at P4 during Cruise I, but the diversity remained 
similar through a more even distribution of individuals 
among species . 

Increase in diversity at C21 was probably a 
result of more even distribution of individuals among 
species and not an increase in number of species . The 
drop in diversity at C22 during Cruise Il was perhaps a 
result of a decrease in species ; the high diversity during 
Cruise III probably reflects both an increase in species 
and a more even distribution of individuals among spe-
cies . Because of the high evenness values at C23, the in-
crease in diversity during Cruise III may only be a result 
of a more even distribution of individuals among species 
and not an increase in species . Changes in the diversity 
at C24 appeared to be more related to the changes in 
evenness and not to changes in numbers of species . 

Differences in diversity at some sites may be 
related to several factors . Reduced diversities may be 
due to hypoxic bottom conditions as discussed above . 
Correlation analysis determined that as median grain 
size, chromium, copper, nickel, lead, and zinc decreased 
and percent sand increased the number of species in-
creased . None of the abiotic variables was significantly 
correlated with number of individuals, diversity, and 
Pielou evenness value for more than one cruise . Nickel 
was found to be directly correlated with Heip evenness 
value . Coull (1979), in the South Atlantic Georgia 
Bight, found that depth explained most variations in 
meiofauna density and that the relationship was always 
negative . 

Diversity changes over cruises at the same 
sites were the result of changes in evenness and not due 
entirely to changes in number of species . During Cruises 
I and II diversities at the Primary Sites were generally 
higher than at the Control Sites . The reverse was true 
during Cruise III . 
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Because of the frequent bottom disturbances 
in the area, many microhabitats are probably created . 
The increase in diversity at the Primary Sites may be a 
reflection of the increase in number of microhabitats 
created as a result of platform construction, pipeline 
laying, etc . 

Diversities for all taxa, except Foraminifera, 
were higher during Cruise I than Cruises II or III, per-
haps indicating a seasonal trend . Generally, the changes 
in diversity for the major taxa appeared to be in re-
sponse to changes in evenness and not changes in num-
ber of species . However, changes in number of species 
did affect the diversity values for Foraminifera, Cruise 
II, and Nematoda, all cruises . 

b. Macroinfauna 
Diversity at P1 increased over all cruises as a 

result of increased evenness . The sporadic behavior at 
P2 was probably also a prime result of changes in even-
ness . Changes in diversity over time at P3 appeared to 
be mainly a result of changes in number of species and 
not changes in evenness . Diversity differences at the 
Control Sites appeared to reflect changes in evenness 
and not changes in number of species . Comparison of 
changes in diversity among the major macroinfauna 
taxa for all three cruises indicated that diversity differ-
ences were the result of changes in evenness and not in 
number of species . 

Diversity differences may be related to other 
factors . Reduced diversities at some sites may be caused 
by hypoxic conditions as discussed above . As percent 
silt, median grain size, TOC, chromium, lead, and zinc 
decreased, the number of macroinfauna species de-
creased . Lie (1978) found a weak but significant correla-
tion between number of macrobenthic species and me-
dian grain size . As distance from shore, salinity, depth, 
percent silt, chromium, and lead decreased, number of 
individuals increased . As distance from shore, salinity, 
and D.O . increased macroinfauna diversity increased . 
Pielou evenness increased as distance from shore, salin-
ity, D.O., TOC, depth, chromium, and lead increased . 
Note that as hypoxic bottom conditions increased, Pie-
lou evenness decreased . As distance from shore, depth, 
salinity, D.O ., median grain size, percent sand, TOC, 
chromium, and lead increased, the Heip evenness in-
creased . Kinner et al . (1974) found macrofauna diversi-
ties in Delaware Bay to be higher in low silt-clay or sand 
bottoms than on mud bottoms . Relationship of diver-
sity to sediment texture was not very evident in the pre-
sent study . 

Harper (1977) found diversity at the Bucca-
neer Oil Field to decrease from July to January conco-
mitant with the temperature decrease, then to increase 
by April as the temperature increased . Any seasonal 
changes in diversity in this project appear to be closely 
tied to the seasonal pattern of hypoxic bottom condi-
tions . Holland (1977) reported that diversity and equita-
bility increased with depth in the BLM South Texas Pro-
ject . High equitability at deep stations, coupled with 
high numbers of species at inshore stations, produced a 
pattern of relatively even diversity over the entire study 
area. 

In the BLM South Atlantic OCS Project only 
1 % of the diversity values in excess of 3.0 were calcu-
lated for 89% of the station data sets and over 22% of 
the data sets had values greater than 5.0 . There was little 

seasonal variation in percentage distribution of diversity 
except for the summer, when diversity on the continen-
tal slope was lower . 

c. Macroepifauna and Demersal Fish 
Most changes in diversity at the Primary Sites 

appeared to be the result of changes in evenness . The ex-
treme low measured at P3 during Cruise II also reflected 
a drop in number of species . Changes in diversity at the 
Control Sites were probably attributable to changes in 
evenness . Low diversity at C23 during Cruise III was 
probably also influenced by a decrease in number of 
species . Changes in diversity among the major macroe-
pifauna and demersal fish taxa appeared to be the result 
of changes in evenness . 

Diversity differences, again, may be related 
to other factors . Reduced diversities at some sites may 
be caused by hypoxic conditions . Changes in diversity in 
the macroepifauna and demersal fish were primarily the 
result of changes in evenness, but were also affected 
strongly by changes in number of species . Only distance 
from shore was found to be consistently significantly 
correlated with number of species and the relationship 
was positive . As D .O . increased and copper and nickel 
decreased, the number of individuals increased . Mac-
roepifauna and demersal fish diversity increased as dis-
tance from shore, distance from the Mississippi River, 
depth and D.O . decreased and copper, nickel, zinc, and 
protein degradation increased . As distance from the 
Mississippi River and D.O . decreased and cadmium, 
copper, nickel, and protein degradation increased, Pie-
lou evenness increased . Heip evenness decreased as sa-
linity and sulfate oxidation increased ; it increased as 
protein degradation increased . 

3. Macroinfauna.-Mciofauna Ratio 
The Macroinfauna:Meiofauna (M:M) ratio has 

been examined by McIntyre (1968, 1969) in an effort to 
determine any significant interaction or to see if each 
group operates independently, each controlled differ-
ently by various environmental factors . Buzas (1978) 
found little interaction between dominant macrofauna 
Mollusca and the dominant meiofauna Foraminifera in 
their responses to abiotic and biotic variables . Harper 
(1977) reported no correlation between population den-
sities of meiofauna or macroinfauna . Permanent meio-
fauna and macrofauna abundance data from several 
subtidal studies were compared to provide a range in the 
ratio in relation to depth, sediment type, and salinity 
distribution (Mare, 1941 ; Sanders, 1958 ; Wieser, 1960; 
McIntyre, 1964; Wigley and McIntyre, 1964; Muus, 
1967 ; McIntyre, 1968) . Subtidal areas with higher ratios 
were mostly muds in comparatively deep water which 
suggests that meiofauna may be favored in such envi-
ronments (McIntyre, 1969) . Low values were found to 
be associated with larger numbers of young macro-
fauna, which indicates that the low values were a tempo-
rary seasonal feature . 

The high ratios at P4 and C22 during Cruise I 
seemed to indicate better conditions for the meiofauna 
at these stations . These high ratios are not necessarily 
just the result of the increase in fine sediments at these 
stations . The lowest ratio during Cruise I was at C24 
which was characterized by an average of 3.5% sand 
over all three cruises . 
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The highest ratio was recorded during Cruise 
II at C21 . A high percentage of fine grained sediment 
and a low D.O . of 2.4 ppm were measured there . Thus, 
the macroinfauna may have been reduced or excluded 
by the low D.O . values . Cruise II conditions appeared 
to be more favorable to the meiofauna as indicated by 
the high ratios (greater than 100 as based upon McIntyre 
(1%9)) at SO% of the sites . The M:M ratio tended to de-
crease with depth, perhaps indicating that the macroin-
fauna was more favored as depth increased . 

Wigley and McIntyre (1964) found the M:M 
ratio to vary from 1 :35 to 1 :770 in their study offshore 
Martha's Vineyard, Massachusetts . Most previously re-
ported subtidal values fall within this same range . The 
average M:M ratio off Martha's Vineyard was 1 :170 
and was remarkably consistent from station to station in 
spite of faunal and environmental variations . Cullen 
(1973) reported M :M ratios of 1 :70 off the east coast of 
the United States ; this was similar to the ratio reported 
by Wigley and McIntyre (1964) . Ratios recorded in this 
Central Gulf Platform Study are comparable to ratios 
reported from the east coast of the United States. 

4. Meiofauna 

a . Foraminifera 

(1) Population Trends- Four species of 
Foraminifera were among the top 15 meiofauna taxa 
common to each cruise : Bolivina lowmani, Buliminella 
morgani, Nonionella basiloba, and Ammonia beccarii. 
Increased dominance by a few taxa indicates stressed 
conditions (Gray and Mirza, 1979) . Several of the abi-
otic variables were found to be significantly correlated 
with the above species . 

In this project Bolivina lowmani occurred at 
96% of the stations sampled . In the central Texas areas 
of Aransas, Mesquite, and San Antonio Bays, Phleger 
(1956) rarely found B. lowmani. This species was found 
in Buras-Scofield Bayou (Warren, 1957) and Timbalier 
Bay, Louisiana (Fish et al ., 1974) . In the BLM South 
Atlantic OCS Project, B. lowmani had the highest mean 
density of all the foram species (Sen Gupta, 1979) . 

Buliminella morgani was collected from 9% 
of the stations occupied in this project . As depth, dis-
tance from shore, salinity, and the presence of chitin de-
gradation increased, B . morgani increased . Nonionella 
basiloba was collected from 91 % of the stations and was 
found to increase in density as depth increased . 

Ammonia beccarii occurred at 82% of the 
stations sampled in this project . As distance from shore, 
depth, and salinity decreased and presence of hypoxic 
bottom conditions increased, the density of A, beccarii 
increased . Ammonia 6eccarii has been reported from 
the open Gulf off Texas to Nantucket Bay, Massachu-
setts (Table 148) . Phleger (1956) reported A. beccarii in 
frequencies of 10 to 25% at stations 4 to 37 m in depth, 
common (no frequencies given) at 38 to 75 m, and pre-
sent as deep as 77 m . In the BLM MAFLA OCS, A. bec-
carii was a stress indicator species and a characteristic 
component of Faunal Group IV . Ammonia beccarii oc-
curred in moderate to high numbers in inshore waters in 
the Georgia Bight (Sen Gupta, 1979) . 

Average foram densities recorded in this pro-
ject tend to be slightly higher than the 2000 to 105,000 
individuals per m2 reported by McIntyre (1964) for the 

TABLE 148. Reported occurrence of the Foraminifera 
Ammonia beccarii. 

Locality Reference 
Aransas, Mesquite, and 
San Antonio Bays, 
Texas Continental Shelf Phleger (1956) 

Texas to Mississippi River Kornfeld (1931) 

Buras - Scofield Bayou, 
Louisiana Warren (1957) 

Timbalier Bay, Louisiana Fish et al . (1974) 

Grand Isle, Louisiana Behre (1950) 

Offshore Alabama, 
Mississippi, West Florida 

SUSIO (1976), 
Dames and Moore (1979) 

Nantucket Bay, 
Massachusetts Lidz (1965) 

North Sea . Comparable figures for the Gulf of Mexico 
were not readily available in the literature . In the BLM 
South Atlantic OCS Project, Sen Gupta (1979) reported 
densities of 1 to 6,524 per cmz with high inshore and 
slope densities seemingly related to the clay-silt factor . 

Variation in Foraminifera diversity appeared 
to be primarily a result of changes in evenness, with the 
number of species affecting a few diversity values . Fish 
et al . (1974) found a remarkable similarity in foram spe-
cies diversity for all study sites in Timbalier Bay, with 
two exceptions . The indexes at two stations near the oil 
production sites were lower than those for control sites. 
Fish et al . (1974) believed that this low foram diversity 
"might indicate that organisms living close to the pro-
duction sites were experiencing environmental stress ." 

In the BL:M South Atlantic OCS Project, sea-
sonal diversity values were less than 3 except at one sta-
tion (Sen Gupta, 1979) . Diversities lower than 1 .5 oc-
curred almost exclusively in the inner shelf and slope as-
semblages . Diversity along most transects increased on 
the inner shelf, reached a plateau on the middle and 
outer shelves, and decreased at 200 m. 

The average percentage of the total number 
of individuals for all three cruises is plotted by site in 
Fig . 6 above . Those sites with percentages greater than 
75% were generally, with the exception of C23, in the 
area right off the mouth of the Mississippi River . Cur-
rent data indicate that this area is not directly affected 
by the Mississippi. Those sites with percentages lower 
than 25 %, P2, SS, S 17, and S 19, do not appear to be re-
lated to each other through any physical feature or low 
D.O . values . Sen Gupta (1979) stated that the "routine 
effects of oil and gas production" should be negligible 
with regard to the broad features of foram distribution, 
including seasonal and annual population densities . 

(2) Morphological Abnormalities- Nearly 
every Foraminifera population contains several individ-
uals which are abnormal or beyond the range of normal 
morphological variation . These abnormalities which de-
velop during the life span of the individual may be due 
either to mechanical or ecological causes (Boltovskoy 
and Wright, 1976) . 

The foram test may suffer several kinds of 
mechanical abrasions which can be patched or healed by 
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the organism . These fractures commonly occur in the 
last formed, more fragile, chambers . Foraminifera pro-
toplasm immediately begins to swell, filling the break in 
the test with newly secreted shell material and healing 
the injury . This new portion of the shell wall is very deli-
cate initially but eventually thickens, possibly even re-
gaining some of the original ornamentation . This re-
constructed wall is identifiable by its abnormal contours 
and thinness (Boltovskoy and Wright, 1976) . Labo-
ratory studies of Heterostegina depressa indicated that 
healthier, more rapidly growing individuals have thin-
ner walls in the last few chambers and were more sus-
ceptible to being broken (Rottger and Berger, 1972) . 
When the broken part of the last chamber is not healed, 
a second, and even third, aperture is created (Cushman 
and Jarvis, 1930; Ellison, 1953 ; Dhillon, 1969, 1970) . 
Several specimens of Buliminella morgani were noted 
with two and three apertures in this Central Gulf Plat-
form Study . 

The foram test may also show morphological 
deformation due to ecological factors . Many of these 
kinds of irregularities are related to attachment to the 
substrate (Boltovskoy and Wright, 1976) . Some of the 
Cibicides concentricus specimens from this project show 
this kind of deformation . 

Any rapid change in the physio-chemical en-
vironment (such as salinity, nutrient supply, tempera-
ture, trace element concentration) may also be reflected 
in the normal rate and nature of test growth . Myers 
(1943) noted that chambers added in the summer are 
often larger than those formed during the winter, giving 
the test somewhat irregular form . Several large speci-
mens of Nonionella basilo6a and Florilus atlanticus col-
lected in this project had this type of shell structure . 
Murray (1963) also noted changes in the smoothness of 
the periphery of Elphidium crispum as a response to 
changes in salinity . 

Boltovslcoy (1958) noted deformation of the 
aperture, while others (Arnal, 1957, 1958; Forti and 
Roettger, 1967) have noted deformation of the entire 
test . Watkins (1961) and Lidz (1965), studying popula-
tions around sewage outfall areas, found large numbers 
of monstrous specimens . 

The small number of abnormal individuals 
found in this project did not seem excessive, and it ap-
peared that most of these deformities could be explained 
by mechanical causes . Buliminella morgani seemed sus-
ceptible to abrasion of the final chamber and creation of 
new apertures was common in this species . The winter 
sampling showed a frequency of smaller chambers in 
Nonionella and Florilus adjacent to the larger chambers 
formed in summer . 

(3) Decalcification- The relationship be-
tween pH and substrate type and the effect this 
relationship has on Foraminifera distribution was dis-
cussed by Miller (1953) who noted that clay sediments 
rich in decaying organic matter (low pH) supported 
fewer Foraminifera than clean sands . 7.obell (1946) 
thought that poorly sorted fine grained sediments had a 
pH lower than that of the water above them and would 
contain fewer organisms than well sorted, coarse grain 
sediments with a relatively high pH (probably equal to 
that of the water above them) . Arnal (1961), studying 
the Foraminifera fauna of the Salton Sea, California, 
concluded that the most important ecological factor 

influencing distribution of the specimens was the pH. 
He found that the pH of the bottom sediments varied 
between 6.74 and 7.96 and that of the bottom waters 
varied between 7.34 and 8 .41 . The combination of re-
duced pH, increased depth and smaller grain size caused 
Foraminifera to decrease in quantity . Fish et al . (1974), 
in of forams of Timbalier Bay, Louisiana, found few 
calcareous species in mud environments where low pH 
was caused by decaying organic matter . 

At a pH less than 7.8, calcareous tests will 
begin to dissolve (Boltovskoy and Wright, 1976) . 
Phleger and Bradshaw (1966) found a daily variation in 
the pH in a Mission Bay, California marsh ; values 
ranged from 6.8 during the night to 8.5 during the day-
light hours . This means that half of the time the Forami-
nifera were dissolving . Culture experiments on Rosalina 
floridana indicated that the organism was capable of liv-
ing in a low pH environment and could easily recalcify 
(Angell, 1967) . Empty tests, however, did not survive 
long in the low pH reducing zone . 

Parker (1954), in a study of live Foramini-
fera, found that a few of the samples taken from shal-
low depths showed decalcification, possibly due to the 
increasing acidity of the samples after collection . She 
also found that frequent checks of the pH of the sam-
ples had to be made in order to maintain the most satis-
factory pH of 7 to S . Lankford (1959), in his study of 
live Foraminifera, found that three samples which con-
tained an abundance of fine woody material contained 
no Foraminifera tests and only the protoplasm molds of 
the forams remained . 

The pH of the formalin used to preserve the 
meiofauna samples in this project was checked several 
times during the sorting and was found to be around 8 
in almost all samples . Those samples in which the pH 
was 7 or less were not those in which Foraminifera were 
found to be dissolved . Specimens of Nonionella and 
Quinqueloculina were most commonly affected . 

The low Foraminifera counts for Cruise II at 
sites P1 and P2 may be due to an area of hypoxia ex-
tending over these sites prior to collection (see above 
section on Hypoxic Bottom Conditions) . Many of the 
samples from P2 were decalcified and others were ex-
tremely poorly preserved and partially decalcified . The 
amount of silt and clay in the sediment (50% or more 
silt and clay) did not appear to be a primary cause of the 
low Foraminifera concentration . Site P4, which had 
similar amounts of clay and silt in the sediment around 
it, had Foraminifera counts comparable to or higher 
than those of Cruise I samples . 

(4) Live:Total Ratios- Live:total ratios of 
benthonic Foraminifera are used as a crude measure of 
standing crop and a partial measure of the rate of pro-
duction . Because it is reasonable to assume that produc-
tion rates of benthonic Foraminifera should be defi-
nitely related to total organic production in an area, rel-
ative production rates of Foraminifera can be used to 
predict total organic production . 

Phleger (1960a) found that large standing 
crops are found off some active deltas, in hypersaline la-
goons, in areas of upwelling of nutrients, and in thickly 
vegetated areas, all of which are environments having 
high rates of organic production . He suggested that the 
principal factor governing the size of the standing crop 
of living Foraminifera was the quantity of available 
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food. Experimental studies of Bradshaw (1955) indi-
cated that an increase in food caused an increase in pop-
ulation growth . 

Walton (1964) found that there did not ap-
pear to be any direct relationship between zones of max-
imum productivity of living benthonic Foraminifera 
and zones of maximum abundances of empty tests . The 
zones of maximum productivity always occurred in 
shallower nearshore waters ; this appeared to be due to 
the fact that areas of high productivity occurred in areas 
of active sedimentation . 

Relative rates of sediment deposition may 
also be obtained from live :total ratios of benthonic For-
aminifera . A large number of living Foraminifera rela-
tive to the total population indicated relatively rapid 
sediment deposition while a small number of living For-
aminifera relative to the total population indicated a 
slow rate of sediment supply (Phleger, 19606) . This was 
based on the assumption that the rate of production was 
constant over the period of time that the sediment accu-
mulated . Relative rates of sediment deposition deter-
mined by this method applied only to the surface sedi-
ment . 

Because the productivity rate is different 
for different species, and because sedimentation rates 
are diverse, live :total ratios for different areas are not 
reliable indicators of true foraminiferal productivity . 
Also, because Foraminifera live in microhabitats, liv-
e :total ratios for the same station at different seasons of 
the year may not be valid unless stations are relocated 
exactly (Bock, 1974) . 

Live:total ratios are also used to determine 
whether there has been significant postmortem trans-
portation of the tests and whether this process has af-
fected the apparent faunal associations . If distributions 
of the living populations are quite similar to the distri-
butions of empty tests of the same species, then proba-
bly no significant transportation of empty tests has 
taken place . 

At many places, dead populations extend 
into deeper water than the living populations for most 
species . Although it is possible that these faunas move 
downslope because of waves, water currents, or turbid-
ity currents, it is more probable that these were relict 
faunas, residual from a previous environment when sea 
level was lower and ecological factors were similar to 
those now found in the area of the living faunas 
(Phleger, 1960a) . 

Because many of the live:dead samples con-
tained species which have not been found alive in any of 
the material, it is possible that these species represent or-
ganisms which no longer live at the site but which were 
living there during the Pleistocene glacial age . Sea level 
rose to its present stand approximately 5,000 to 6,000 
years ago, moving nearshore environments ouch further 
inland and leaving behind sediment containing empty 
tests of organisms which no longer lived that far out . It 
is also possible that, due to changing climatic condi-
tions, some of these species no longer lived in this area . 

In this present study, the live:dead samples 
usually contained fewer than 7.5% live Foraminifera . 
The drying process may destroy the shells of the juve-
niles, which are delicate, and which composed a large 
percentage of the specimens in the regular wet samples . 
Small tests were not abundant in the dead material . 

Preservation of the total sample was also 
reflected in the number of live Foraminifera in the 
live:dead samples . Specimens of Foraminifera in the 
regular meiofauna samples from S7, 513, S14, S15, and 
S17 were decalcified . No live Foraminifera were found 
in the live: dead samples from these sites . 

Sen (3upta (1979) reported live :total ratios 
of less than ten at most of the stations in the BLM South 
Atlantic OCS Project . Ratios of inshore stations were 
generally higher ; the highest recorded ratio was 30.4 . 

b. Nematoda 

(1) Population Trends- Ten of the top IS 
meiofauna taxa common to each cruise were Nematoda: 
Sabatieria, Dorylaimopsis, Cyatholaimidae, Theristus, 
Linhomoeidae, Choniolaimidae, Terschellingia, Chro-
madoridae, Tricoma, and Sphaerolaimus . Increased 
dominance by a few taxa indicates stressed environmen-
tal conditions (Gray and Mirza, 1979) . Several of the 
abiotic variables 'were found to be significantly corre-
lated with the above taxa . 

Sa6atieria was collected at over 99% of the 
stations in this project . As distance from shore, depth 
and salinity decreased and the sediments became more 
sorted, Sabatieria increased . Under hypoxic bottom 
conditions, which were encountered during Cruises I 
and II, Sa6atieria increased . Sa6atieria is widely distrib-
uted in both the Gulf of Mexico and along the Atlantic 
seaboard of the United States (Table 149) . Sabatieria 
has been collected at some depth and prefers sand and 
mud and low D.O . 

In this project, Dorylaimopsis was also col-
lected at over 99% of the stations . No abiotic variable 
was found to be consistently correlated with Dorylai-
mopsis except sorting coefficient . Dorylaimopsis was 
found in moderate numbers offshore in the BLM South 
Texas OCS Project (Pequegnat, 1977) . The genus pre-
fers sand and was reported from Long Island Sound, 
the Niantic and Pettaquamscutt estuaries, and Buzzards 
Bay (Wieser, 1960 ; Tietjen, 1969, 1977) . 

Cyatholaimidae was collected at 94% of the 
stations in this project . As depth, ethane, and propane 
increased, Cyatholaimidae density decreased . Cyatho-
laimidae was found by Fish et al . (1974) in all biotopes 
in Timbalier Bay, Louisiana, and occurred infrequently 
in both the inshore and offshore areas of the BLM 
South Texas OCS Project (Pequegnat, 1977) . 

TABLE 149. Reported occurrence of the 
nematode Sabatieria 

Locality Remarks Reference 
Offshore South Texas Abundant inshore Pequegnat(1977) 

and offshore 
Offshore North Carolina From depths of Tietjen (1971) 

SO to 2500 m 

New York Bight Apex Preferred medium Tietjen (1980a) 
sand and low D.O. 

Long Island Sound Preferred both sand Tietjen (1977) 
and mud 

Buzzard's Bay, Abundant in silt- Wieser (1960) 
Massachusetts clay 
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Theristus was collected at 94% of the sta-
tions occupied in this project . As distance from shore 
and the Mississippi River, depth, salinity, median grain 
size, contamination index, ethane, propane, and lead 
decreased and temperature increased, the density of 
Theristus individuals decreased . Theristus appeared to 
increase in numbers under hypoxic bottom conditions . 
Theristus prefers sand and has been found at depths of 
50 to 2500 m (Table 150) . It has been reported from off-
shore south Texas to Buzzards Bay, Massachusetts . 

TABLE 150. Reported occurrence of the 
nematode Theristus 

Locality Remarks Reference 
Offshore South Texas Abundant inshore 

and offshore 
Pequegnat(19'I7) 

New York Bight Apex Preferred sand Tietjen (1971) 

Long Island Sound Preferred sand Tietjen (1977) 

Offshore North Carolina At SO to 2500 m Tietjen (1980a) 

Mantic and 
Pettaquamscutt Estuaries, 
New England 

Tietjen (1969) 

Buzzard's Bay, 
Massachusetts 

I Wieser(1960) 

TABLE 151 . Reported occurrence of the 
nematode Terschellingia 

Localit y Remarks Reference 
Offshore South Texas Abundant inshore ; Pequegnat(1977) 

moderately 
abundant offshore 

New York Bight Apex Medium to silty Tietjen ( 1977) 
sands 

Long Island Sound Tietjen (1980a) 

Mantic and Tietjen (1%9) 
Pettaquamscutt Estuaries, 
New England 
Buzzard's Bay, Wieser (1960) 
Massachusetts 

Previous occurrence of Tricoma was not reported in the 
literature available to the senior author . 

Sphaerolaimus was collected at only 71 % of 
the stations . None of the abiotic variables was signifi-
cantly correlated with Sphaerolaimus during more than 
one cruise . Sphaerolaimus has been reported from off-
shore south Texas to Buzzards Bay, Massachusetts, and 
to prefer silty clays (Table 152) . 

TABLE 152. Reported occurrence of the 
nematode Sphaerolaimus 

Linhomoeidae was collected at 94% of the 
stations in this project . As depth decreased the density 
of Linhomoeidae increased . This nematode family was 
found to be moderate in abundance in both inshore and 
offshore areas of the BLM South Texas OCS Project 
(Pequegnat, 1977) . Fish et al . (1974) found the family in 
the mud-sand biotope in the midtide region near an oil 
production station in Timbalier Bay, Louisiana . Tietjen 
(1980a) reported its preference for silty sand in the New 
York Bight Apex. 

Choniolaimidae was found at 85% of the sta-
tions sampled in this project . Choniolaimidae was 
found not to be consistently correlated with any abiotic 
variable for more than one cruise . Previous occurrence 
of Choniolaimidae was not reported in the literature 
available to the senior author . 

Terschellingia was collected at 84% of the 
stations occupied in this project . As distance from shore 
and the Mississippi River, depth, salinity, and D.O . de-
creased and hypoxic bottom conditions and cadmium 
increased, the density of Terschellingia increased . This 
nematode genus has been collected from offshore south 
Texas to Buzzards Bay and prefers medium to silty 
sands (Table 151) . 

Chromadoridae was collected at 71 % of the 
stations occupied in this project ; few occurrences were 
at the Secondary Sites . As percent silt, chromium, lead, 
and zinc decreased and percent sand and marine agar 
counts increased, Chromadoridae density increased . Pe-
quegnat (1977) found Chromadoridae infrequently in 
both the inshore and offshore areas of the BLM South 
Texas OCS Project . The family has also been reported 
in medium sands in the New York Bight Apex (Tietjen, 
1980a) . 

Tricoma occurred at 71016 of the stations oc-
cupied in this project and was noticeably rare at P1 sta-
tions . None of the abiotic variables significantly corre-
lated with Tricoma during more than one cruise . 

Locality Remarks Reference 
Offshore South Texas Moderate numbers Pequegnat (1977) 

inshore; abundant 
offshore 

Offshore North Carolina Depths of 600 Tietjen (1971) 
to 2500 m 

NianHc and Tietjen (1969) 
Pettaquamscutt Estuaries, 
New England 
Buzzard's Bay, 

I 
Moderately abundant Wiener (1960) 

Massachusetts in silty clays 

Figure 7 presented the average percent of the 
total number of nematode individuals for ail three 
cruises by site . Those Secondary Sites with percentages 
of nematodes less than 15% were in a region sometimes 
influenced by the Mississippi River . At Sites S7, S8, S9, 
and S12, the Foraminifera occurred in percentages 
greater than 75% . Perhaps the hypoxic conditions mea-
sured during Cruise II at the above Secondary Sites fa-
vored the Foraminifera over the Nematoda, which is 
contrary to what would be expected (see section on Hy-
poxic Bottom Conditions above) . Total average per-
centage of Nematoda greater than 75% was found at 
P2, S5, and S19 (see Table 44 and Fig . 7) . Both P2 and 
SS were shallow inshore sites with moderate percentages 
of sand and were easily affected by terrestrial and river 
runoff . A low D.O . was measured at P2 during Cruise 
II . Site S19 (Ship Shoal), which had the highest percent-
age of sand of any site, had the highest total average 
percentage of Nematoda. John H. Tietjen (personal 
communication) stated that the composition and diver-
sity of the Nematoda fauna at S19 were indicative of 
non-polluted sand . 

Nematode densities from the Gulf of Mexico 
and the eastern United States ranged from 32 to 6,240 
per 10 cm2 (Table 153) . Off North Carolina densities 
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TABLE 153. Some nematode densities from the Gulf of Mexico and the eastern United States . 

Locality Density Reference 
North Inlet Estuary, South Carolina 0.21 to 6.24 x 10 per m= Si kora et al. (197 7) 
Offshore North Carolina 32 to 593 per 10 cm= Ti etjen (1971) 
New York Bight Apex 221 to 1,381 per IOcmz Tietjen (1980a) 
NianNc and Pettaquamscutt Estuaries, 
New England 

802 to 4,811 per 10 CM2 Tietjen (1969) 

Martha's Vineyard, Massachusetts ~ 80 5 per 10 cm= in sand W'igley and McIntyre (1964) 
Buzzard's Bay, Massachusetts 250 to 1,800 per 10 cm= in mud W'ieser (1960) 

peaked at 60 to 1026 per 10 cm2 at a depth of 250 to 500 
m; they then began to decrease with increasing depth 
(Tietjen, 1971) . High nematode densities were recorded 
in both sand and mud (Table 153) and lowest densities 
were recorded in sandy gravel by Wigley and McIntyre 
(1964) . Nematode densities in this Central Gulf Plat-
form Study ranged from 2,486 to 1 .77 million per m2; 
these values are comparable to nematode densities 
found along the eastern United States . 

Average diversity and evenness values for 
meiofauna Nematodes were generally similar for all 
three cruises and similar between the Primary and Con-
trol Sites . Tietjen (1980a) found that in the New York 
Bight Apex, in medium sands with low organic carbon 
and low heavy metal concentrations, the nematode 
fauna had a high species diversity . In silty sands and 
also in medium sands with high organic carbon and/or 
heavy metal concentrations the nematode fauna had low 
diversity . Tietjen (1980x) found that in medium sands 
species diversity was inversely correlated with increased 
heavy metal concentration of Cr, Cu, Pb, and Zn. 

predominate at their trophic level, and under "normal" 
conditions Nematodes predominate . Parker noted that 
the ratio needed testing in other stressed areas . Tenore 
et al . (1978) found nematodes to be inversely correlated 
and harpacticoids directly correlated with increasing 
mean grain size . 

Since most benthic copepods belong to the 
Harpacticoida, the ratio used here is based upon the 
Harpacticoida and Nematodes. As the number of Har-
pacticoida increase, the ratio approaches one and will be 
greater than one when the number of Harpacticoida ex-
ceeds the Nematodes . The average Harpacticoida:Nema-
toda (H:N) ratio for all cruises was 0.0297 at the Pri-
mary Sites and 0.031)8 at the Control Sites . Although the 
H :N ratio was higher at the Controls than at the Pri-
mary Sites, the ratios were similar . There appears to be 
no true difference between the H:N ratio at the Primary 
Sites and that at the Control Sites . The average for all 
Primary and Control Sites for all cruises was 0.0303 
which was comparable to the 0.04 ratio reported by Pe-
quegnat (1979) for the BLM South Texas OCS Project . 

(2) Trophic Composition-Table 154 pre-
sents the feeding types, based upon the literature, of Ne-
matoda taxes found in this project . Although 71 Nema-
toda taxes were identified, feeding type information was 
available for only 32.3% of the taxes . There was some 
disagreement among authors as to the feeding type of 
Odontophora and Monhystera. Both of these taxes are 
generic designations, and the feeding types stated by 
Wieser (1960), King (1962), Tietjen (1969), and Tietjen 
and Lee (1977) could apply to any of the species within 
the respective genus. Of the taxes shown in Table 154, 
39.1 % were deposit feeders, 39 .1 % were epigrowth 
feeders, 17.4% were either predators or both predators 
and omnivores, and 4.4% were algae and bacterial in-
gesters. Thus, Nematodes are predominantly either de-
posit feeders (detritivores) or epigrowth feeders, fol-
lowed closely by predators and/or omnivores . 

Alongi and Tietjen (1980) experimentally 
demonstrated significant competitive interactions 
among nematodes with near-identical buccal morpholo-
gies which may partially explain the low species diversity 
among the nematodes inhabiting muddy sediments 
where competition for low-variety food resources may 
be intense . In sandy sediments, there is a more diverse 
food supply and nematodes feeding on the same re-
source may spatially partition their environment to 
avoid excessive competition . 

(3) Harpacticoida:Nematoda Ratio-Par-
ker (1975) suggested using the ratio of benthic Cope-
poda to Nematodes as an index of pollution . Under 
disturbed or stressed conditions, Copepods will 

c. Kinorhyncha 
Kinorhyncha densities of 1 to 139 per 10 cm2, 

calculated for Cruise I, tended to be higher than densi-
ties of 1 to 30 found by Pequegnat (1977) in the BLM 
South Texas OCS Project . Densities of 1 to 23 per CM2 
and I to 11 per 10 cm2 for Cruises II and III, respec-
tively, were comparable to Pequegnat's figures . Most 
Kinorhyncha are deposit feeders, but a few feed on di-
atoms (Barnes, I%8). All the Kinorhyncha taxes have 
basically the same trophic requirements . 

d. Harpacticoida 
Harpacticoida densities of 1 to 125 per 10 

cmz determined in this project were comparable to the 
densities of 3.5 to 150 per 10 CM2 found by Pequegnat 
(1977) in the BLM South Texas OCS Project. Changes 
in harpacticoid diversity were related primarily to 
changes in evenness . . Coull (1970) and Hartzband (1971) 
as reported by Marcotte and Coull (1974) found low 
harpacticoid diversities associated with unstable, shift-
ing sand environments . Marcotte and Coull found cope-
pod diversity, in both summer and winter, to decrease in 
response to increased enrichment provided by waste ef-
fluent . 

e . C/usterAnalysis 
Descriptions of benthic community structure 

along the continental shelf have been based upon the 
macroinfauna ; this community structure is well dis-
cussed in Thorson (1957) . Meiofauna "community" 
population structure has often been kept separate from 
that of macroinfauna ; the main difference is one of 
scale (McIntyre, 1969). Because of the extreme 
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TABLE 154. Feeding types, based upon the literature, of some Nema-
toda taxa found in this project. 

I Wieser I King` I Titjn 
Taxa 

ee 

Axonolaimus 
Odontophora 
Tripylodidae 
Terschellingia 
Sphaerolaimus 
Monhystera 
Theristus 
Paramonhystera 
Microlaim us 
Metachromadora 
Dasynemella 
Richtersia 
Dorylaimopsis 
Eubostrichus 
Sabatieria 
Cervonema 
Chromadoridae 
Euchromadora 
Hypodontolaimus 
Anticoma 
Enoplidae 
Oncholaimus 
Viscosia 

D-NS I D-NS 
E D -NS 

P 
D 

E 
E 
D 

D-S =selective deposit feeder 
D-NS = non-selective deposit feeder 

E = epigrowth feeder 
P = predator 

A=B = ingests algae and bacteria 
P/O = predator and omnivore 
D - deposit feeder 

patchiness of the meiofauna, the community concept is 
less meaningful and the incorporation of meiofauna 
into existing community descriptions should be done 
with caution . The most useful approach is one in which 
only those meiofauna species whose addition would lead 
to a greater precision in community definition are in-
cluded (McIntyre, 1969) . 

Meiofauna populations collected in the BLM 
South Texas OCS Project were not examined using clus-
ter analysis or other similar procedures (Pequegnat, 
1977) . Ostrom (1974) described five fauna) groups of 
benthic forams in his study of Timbalier Bay, Louisi-
ana. He found that Timbalier Bay groups included infil-
trations from open Gulf species . Fish et al . (1974) estab-
lished three Foraminifera biofacies in Timbalier Bay, 
barrier island, mud, and bay biofacies, which over-
lapped the biotopes of Ostrom (1974) . 

In the BLM MAFLA OCS Project five For-
aminifera assemblages were characterized : 100- to 200-
m association, mid-shelf, shifting sand region, distur-
bance indicator, and mixed depth (Dames and Moore, 
1979) . Meiofauna group associations tended to be very 
localized, with very low temporal continuity and no 
compelling geographic pattern to the groups . 

In the BLM South Atlantic OCS Project Sen 
Gupta (1979) identified three Foraminifera than- 

D-S 
P/O 

D-NS 
D-NS 

E E 
E E 
D-S 
E 

E 
E 

D-NS 
E 

E 
E 
E 
D-S 

D-S 
P P/O 

P/O 

Tietjen & Lee 
(1977) 

A=B 

atotopes . Thanatotope 1 included the inner shelf and 
part of the middle shelf and extended to a depth of 25 
m ; thanatotope 2 was limited to the middle shelf and ex-
tended to a depth of 40 m; and thanatotope 3 comprised 
the area along the shelf edge . Meiofauna clustering in 
the Georgia Bight gave no consistent patterns because 
the lowest taxonomic level used was the family level 
(Coull, 1979) . However, a distinct slope assemblage was 
delimited from the shelf stations . 

Community structure defined by individual 
taxa can be expressed as a measure of constancy and fi-
delity (Stephenson, Williams, and Lance, 1970) . Con-
stancy is a measure of the extent to which a given taxon 
may be expected to occur at similar stations . The num-
ber of stations in a station group in which a given spe-
cies occurs, expressed as a percentage of the total num-
ber of stations available, is a measure of constancy . A 
species has very high constancy if found at all stations 
within a station group, although it need not occur at 
only one station group . Fidelity is the extent to which a 
taxon is confined to a set of stations . It is the ratio of the 
frequency of occurrence within a station group to the 
overall frequency of occurrence in the whole experimen-
tal area, expressed as a percentage. A species has high 
fidelity if it occurs in only one station group, although it 
may not occur at every station within the group . 
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Table 155 lists those taxa which character-
ize the meiofauna Taxa Group Associations . Primary 
indicators are those taxa which occurred in at least one 
subcomponent, i .e ., a Taxa Group, during each cruise . 
Secondary indicators are those taxa which occurred in at 
least one subcomponent during two of the three cruises . 
Taxa Group Association No . 3 had no primary indica-
tors since the Cruise II subcomponent was missing . 
Measures of constancy and fidelity are also given . 

Meiofauna Taxa Group Association No. 1 
(Table 155) was composed of nine primary indicators 
and four secondary indicators . These taxa are widely 
distributed and some are individually discussed under 
the sections on Foraminifera and Nematoda. This Taxa 
Group Association occurred in greatest density at P1, 
P2, and C21 over all cruises . The primary indicators 
demonstrated high constancy but medium to low fidel-
ity . The secondary indicators showed a moderate degree 
of constancy and a low degree of fidelity . A prominent 
member of this Taxa Group Association was Ammonia 
beccarii, which appears to be an opportunistic species . 
In the BLM MAFLA OCS Project, A. beccarii was a 
member of the disturbance indicator assemblage 
(Dames and Moore, 1979) . Ammonia 6eccarii was an 
abundant component of the inshore part of thanatotope 
1 in the BLM South Atlantic OCS Project (Sen Gupta, 
1979) . Correlation analysis indicated that as distance 
from shore, depth, and salinity decreased, the density of 
members of Taxa Group Association No. 1 increased . 

Meiofauna Taxa Group Association No. 2 
(Table 155) was composed of several more common 
taxa . This Taxa Group Association had the greatest 
densities at P3, P4, C23, and C24 during all three 
cruises . The primary indicators showed high constancy 
and a moderate degree of fidelity . Secondary indicators 
included a wider variety of taxa, including the Kinor-
hyncha and Polychaeta . Most of the secondary indica-
tors showed moderate constancy and moderate fidelity . 
Cibicides concentricus, a foram included in this Taxa 
Group Association, was reported by Dames and Moore 
(1979) to be included in their mixed depth foram assem-
blage in the BLM MAFLA OCS Project . Correlation 
analysis indicated that as distance from shore, depth, 
and D.O . increased and temperature decreased, the den-
sity of Taxa Group Association No . 2 increased . Hy-
poxic bottom conditions tended to decrease density . 

Taxa Group Association No . 3 (Table 155) 
was comprised of fewer taxa which appeared to consis-
tently prefer the conditions provided by P2 during all 
cruises . No primary indicators were identified and only 
three secondary indicators with moderate to high con-
stancy and fidelity were characterized . None of the 
members of this Taxa Group Association have been re-
ported as members of similar assemblage groups. Corre-
lation analysis indicated that as distance from shore, 
depth, and salinity decreased, the density of Taxa 
Group Association No . 3 increased . 

TABLE 155. Characteristic taxa of meiofauna Taxa Group Associations . 

Taxa 
Group Site Primary Constancy Fidelity Secondary Constancy Fidelity 

Association Preference Indicators % (010) Indicators ' 90 % 
No . 1 Pl Sabatieria (N) 100 39 Nonionella basiloba (F) 64 35 

P2 Cyatholaimidae (N) 98 39 Buliminella morgani(F) 68 37 
C21 Theristus(N) 100 40 Gromiidae(Pr) 68 36 

Terschellingia(N) 100 45 Parodontophora(N) 51 45 
Ammonia beccarii (F) 100 46 
Bolivina lowmani (F) 98 39 
Linhomoeidae (N) 100 40 
Dorylaimopsis(N) 100 40 
Meracomesoma (N) 100 55 

No . 2 P3 Tricoma(N) 94 44 Microlaimus(N) 64 28 
P4 Fursenkoina complanata (F) 94 53 Bulimina marginata (F) 40 58 
C23 Reophaxscottii(F) 77 67 Florilusatlanticus(F) Sl 72 

Desmodoridae (N) 83 41 Chromadoridae (N) SS 58 
Ceramonematidae (N) 83 56 Bolivina striatula (F) 47 43 
Lagenammina comprima (F) % 47 Sphaerolaimus (N) 60 42 
Cibicides concentricus (F) 91 53 Halalaimus (N) 60 44 

Echinoderes (K) 51 44 
Desmoscolex(N) SS 41 
Aricidea (P) 64 52 
Axonolaimidae (N) 57 56 
Fursenkoina ntoni F 51 77 

No . 32 P2 Enhydrosomahopkinsi(H) 60 68 
Stenhelia (H) 56 74 
Buliminella rle antissima F 72 47 

yF) denotes Foraminifera 
(Pr) denotes Rhizopoda, Protozoa 
(N) denotes Nematode 
(K) denotes Kinorhyncha 
(P) denotes Polychaeta 
(H) denotes Harpacticoida 

'Constancy and fidelity values based upon Cruises 1 and III only . 
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Meiofauna similarity between stations (Fig . 
14) tended to almost parallel the Louisiana coast line . 
This pattern appeared to follow the major sediment de-
positional patterns . Moore (1979) found that meioben-
thic faunal variation paralleled substrate composition. 
Wigley and McIntyre (1964) reported three meiobenthic 
zones or species groupings, geographically similar to 
those described for the macrobenthos : an inner conti-
nental shelf group, an outer continental shelf group, 
and a continental slope group . Moore (1979) also found 
that meiofaunal associations corresponded to those pre-
viously described for the macroinfauna, but that unifor-
mity was greater within the macroinfauna community . 
Moore (1979) concluded that meiofauna exhibit a finer 
degree of preference along environmental gradients de-
termining distributional patterns but the gradients in-
volved appeared to be the same for the macroinfauna 
"resulting in an equivalence of community pattern 
where limits are set by localized steepening of environ-
mental gradients." 

Defenbaugh (1976) defined five macro-
fauna assemblage groups offshore Louisiana based pri-
marily upon depth . Four of those assemblages apply to 
this study : inner shelf, 4 to 20 m; intermediate shelf, 20 
to 60 m; outer shelf, 60 to 120 m ; and pro-delta fan, 4 to 
20 m. Meiofauna similarity between stations appeared 
to follow the assemblage groups of Defenbaugh (1976) 
fairly closely . However, there were some station simila-
rities which crossed over these arbitrary depth zones . 
Sites P1, P2, S5, S8, S10, 511, S12, 519, S20, C22, and 
C24 tended to group within the inner shelf assemblage . 
Sites P3, P4, S16, and C23 tended to group within the 
intermediate shelf assemblage along with P2, S8, C21, 
C22, and C24 from the inner shelf . Sites S6, S7, S9, 513, 
514, 515, 517, and S18 tended to group within the outer 
shelf assemblage, which sometimes included P3 and P4 
from the intermediate shelf. 

Taxa Group Association No. 1, occurring 
primarily at PI, P2, and C21, appeared to be included 
in the inner shelf assemblage . Taxa Group Association 
No . 2, at sites P3, P4, C23, and C24, appeared to be re-
lated to the intermediate shelf assemblage . No Taxa 
Group Association was identified that was related to the 
outer shelf assemblage . Taxa Group Association No . 3, 
occurring at P2, was also related to the inner shelf as-
semblage . 

S. Macroinfauna 

a . Polychaeta 

(1) Population Trends-Eight polychaeta 
taxa were among the top 10 macroinfauna taxa common 
to each cruise : Paraprionospio pinnata, Sigam6ra tenta-
culata, Cossure delta, Magelona phyllisae, Nephtys in-
cisa, Lumbrineris tennis, Tharyx marioni, and Nereis. 
Increased dominance by a few taxa indicates stressed en-
vironmental conditions (Gray and Mirza, 1979) . Several 
of the abiotic variables were found to be significantly 
correlated with the above taxa . 

Paraprionospio pinnate was the most abun-
dant macroinfauna taxon identified in this project . Par-
aprionospio pinnate occurred at 98% of the stations 
and was most abundant during Cruise I (April to May) . 
As distance from shore, depth, and salinity decreased 
and smectite increased, the density of P. pinnate in-
creased . This species has been reported from south 

Texas to the state of Mississippi (Table 156) . It was most 
abundant in summer and least abundant in early spring. 

Sigam6ra tentaculata occurred at 90% of the 
stations in this project and was third in overall abun-
dance. Correlation analysis determined that as distance 
from shore, depth, and salinity decreased, the number 
of individuals of S. tentaculata increased . This species 
also increased under hypoxic bottom conditions . Sigam-
6ra tentaculata has been reported from south Texas to 
offshore South Carolina and may occur as deep as 4,000 
m (Table 157) . 

Cossura delta occurred at 85% of the stations 
in this project and ranked fourth in overall abundance. 
Holland (1977) reported C. delta to rank as eighth with 
a 4.3% abundance and to be ubiquitous in the BLM 
South Texas OCS Project . Offshore Galveston, Texas, 
in the Buccaneer Oil Field, C. delta was found to be 
abundant during April and least abundant during Janu-
ary and February (Harper, 1977) . Correlation analysis 
determined that as salinity and chitin degradation in-
creased, the density of C. delta increased . 

Magelona phyllisae occurred at 79% of the 
stations in this project and was fifth in overall abun-
dance . M. phyllisae did not usually occur at P4 stations . 
Holland (1977) found M. phyllisae to be the numerical 
dominant in the BLM South Texas OCS Project and to 
occur at depths of 10 to 49 m with a 22.18% abundance. 
In this project, as distance from shore, depth, and salin-
ity decreased, the density of M. phyllisae increased . 

Nephtys incisa occurred at 80% of the sta-
tions in this project and was sixth in overall abundance . 
Correlation analysis indicated that as distance from 
shore, salinity, percent silt, and TOC increased and per-
cent sand decreased, the density of N. incisa increased . 
This species was widely distributed from south Texas to 
Massachusetts and occurred as deep as 200 m (Table 
158) . 

Lum6rineris tennis occurred at 84% of the 
stations occupied in this project and ranked eighth in 
overall abundance . As distance from shore, depth, and 
salinity increased and percent clay, smectite, heterotro-
phic activity, cadmium, copper, nickel, and zinc de-
creased, the density of L . tennis increased . This species 
was widely distributed from south Texas to Massachu-
setts and occurred at great depth (Table 159) . 

Tharyx marioni occurred at 79% of the sta-
tions sampled in this project and ranked ninth in overall 
abundance . Holland (1977) reported T. marioni to be 
ubiquitous in the BLM South Texas OCS Project . Off-
shore South Carolina it has been collected from the in-
tertidal areas to 1000 m (7.ingmark, 1978) . Correlation 
analysis determined that as percent sand increased and 
percent silt, percent clay, TOC, median grain size, chro-
mium, copper, iron, lead, and zinc decreased, the num-
ber of individuals of T. marioni increased . 

The genus Nereis was identified at 74% of 
the stations occupied in this project and ranked tenth in 
overall abundance . As percent sand increased and per-
cent silt, median grain size, TOC, total unsaturated hy-
drocarbons, chromium, copper, lead, iron, nickel, and 
zinc decreased, the density of Nereis increased . Mem-
bers of the genus Nereis are widely distributed in the 
Gulf of Mexico and along the Atlantic coast of North 
America . Harper (1977) reported the genus to be abun-
dant in October and least abundant in July in the Bucca-
neer Oil Field offshore Galveston, Texas . 
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TABLE 156 . Reported occurrence of the polychaete 
Paraprionospio pinnate . 

Locality Remarks Reference 
Offshore South Texas Second in abundance Holland (1977) 

(18.25%) 
Buccaneer Oil Field, July-most abundant; Harper (1977) 
Offshore Texas April-least abundant 
Timbalier Bay, 64 to 78% of total Kritzler (1974) 
Louisiana macrofauna 
St . Louis Bay, Common, least Guy (1973) 
Mississippi abundant from February 

to June 

TABLE 157. Reported occurrence of the polychaete 
Sigambra tentaculata . 

Locality Remarks Reference 
Offshore South Texas Ubiquitous Holland (1977) 

Buccaneer Oil Field, 
Offshore Texas 

Harper (1977) 

Timbalier Bay, 
Louisiana 

Abundant Kritzler (1974) 

Offshore South 
Carolina 

Intertidal to 4,000 m Zingmark (1978) 

TABLE 158. Reported occurrence of the polychaete Nephtys incise . 

Locality Remarks Reference 
Offshore South Texas Rank-ninth; Holland (1977) 

Ubiquitous 

Buccaneer Oil Field, Harper (1977) 
Offshore Texas 
South Carolina Intertidal to 200 m Zingmark (1978) 
Virginia Coast Wass (1965) 

Hampton Roads, Boesch (1973) 
Virginia 

Delmarva Peninsula Maurer et al . (1976) 
New York Bight Rank-25th in abundance; Pearce (1972) from 

Density-31 .24 per m2 ; Maurer et al . (1976) ; 
Rank - 3rd in biomass Botton (1979) 

Quisset Harbor, Levinton (1977) 
Massachusetts 

Cape Cod Bay, Young and Rhoads 
Massachusetts (197 1) 
Buzzard's Bay, 17% of total number Sanders (1960) 
Massachusetts of individuals ; 

Rank-2nd 
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TABLE 159. Reported occurrence of the polychaete Lumbrineris tennis. 

Locality Remarks Reference 
Offshore South Texas 10 to 49 m Holland (1977) 

Buccaneer Oil Field, October-abundant ; Harper (1977) 
Offshore Texas July-least abundant 

Sabine Pass to Mud-sand sediments Keith and Hulings 
Galveston, Texas (1965) 

Virginia Coast Intertidal to abyssal Zingmark (1978) 

Hampton Roads, Boesch (1973) 
Virginia 

Assateague Island, Woodin (1978) 
Delmarva Peninsula 

Delaware Bay 11 to 25% and 51 Kinner et al . 
to 75% silt clay (1974) 

New York Bight Density-272.87 per mz; Botton (1979) 
Rank-9th 

Quisset Harbor, Levinton (1977) 
Massachusetts 

Buzzard's Bay, Sanders (1960) 
Massachusetts 

Hadley Harbor, Sandflats and channels Parker (1975) 
Massachusetts 

Average percentage of total number of in-
dividuals of macroinfaunal Polychaeta by site for all 
three cruises is given in Fig . 15 above . Sites P1, S5, and 
C21, which are most influenced by the Mississippi 
River, had higher percentages of Polychaeta than did 
Sites S6, S7, S9, and S13 which were near the river 
mouth . Bayou Lafourche appeared to affect P2, S8, 
and S12 . It was not apparent what caused the high per-
centage of polychaetes at S20 . The high percentage of 
sand at S19 (Ship Shoal) did not appear to encourage a 
high percentage of Polychaeta . 

Average diversity and evenness values for 
macroinfauna are presented in Table 72 above . Diver-
sity was highest at S17 and S18 which had very low per-
centages of sand . Sites P1, S5, and C21, which were 
most often influenced by the Mississippi River, were 
characterized by low diversity values during all three 
cruises . Sites P2, S8, and 512, which might be in-
fluenced by Bayou Lafourche, had low to moderate di-
versities . The predominantly sandy S 19 had a low diver-
sity . Kritzler (1974) reported polychaete diversities of 
2.26 to 3.23 at a production platform in a seasonal study 
in Timbalier Bay, Louisiana . Diversities at the Control 
ranged from 0.82 to 1 .30 . At the Gulf Field site in Tim-
balier Bay diversities ranged from 0.64 to 0.86 while at 
the Gulf Field Control diversities ranged from 1 .40 to 
3.84. Changes in diversity appeared to be the direct re-
sult of changes in number of species and not equitabil-
ity . 

(2) Trophic Composition- Table 160 pre-
sents the feeding types, based upon the literature, for 21 
Polychaeta species found in this project . This informa-
tion was obtained for only 13.2% of the Polychaeta 
taxa identified . There was conflicting information 
for Eteone heteropoda, Nereis succinea, Glycera 

americana, and Clymenella torquata calida (Young and 
Rhoads, 1971 ; Bloom, Simon, and Hunter, 1972 ; Levin-
ton, 1977 ; Myers, 1977; Botton, 1979 ; Virnstein, 1979) . 
Of the species in Table 160, 82.3% were detritivores and 
17.7% were predators, scavengers, or carnivores . 

b. Cluster Analysis 
The classic study on the zoogeography of the 

invertebrates of the northwestern Gulf of Mexico re-
mains that of Hedgpeth (1953) . His work described the 
Transatlantic faunal province which encompasses most 
of the eastern coast of the United States (Cape Cod to 
Cape Canaveral) and much of the Gulf of Mexico 
(Texas to Sanibel Island or Tampa). At Cape Hatteras, 
the Transatlantic province can be divided into the Vir-
ginia (Cape Cod to Cape Hatteras) and Carolinian (Hat-
teras to Florida and the Northern Gulf of Mexico) . The 
southern end of Florida and the southern part of the 
Gulf lie within the Caribbean province . 

The most comprehensive study of macroin-
vertebrates of the continental shelf of the Gulf of Mex-
ico was that of Defenbaugh (1976) . Based upon the bi-
valve mollusc distribution study of Pulley (1952) as 
taken from Defenbaugh, the Gulf of Mexico can be di-
vided into five faunal provinces : Mexican, Texas-Tran-
sitional, Northwestern Gulf, Northeastern Gulf, and 
Southwestern Florida . Furthermore Defenbaugh di-
vided the entire shelf of the Gulf of Mexico into 12 as-
semblage groups based upon depth, sediment type and 
salinity: inner shelf, Texas-Louisiana shelf, 4 to 20 m; 
pro-delta fan, 4 to 20 m; pro-delta sound, 4 to 20 m; 
inner shelf, west Florida shelf, 4 to 20 m; intermediate 
shelf, Texas-Louisiana, 20 to 60 m; intermediate shelf, 
west Florida shelf, 20 to 60 m; outer shelf, Texas-Loui-
siana shelf, 60 to 120 m ; outer shelf, west Florida shelf, 
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TABLE 160. Feeding types, based upon the literature, of some Polychaeta taxa found in this project. 

Taxa Sanders 
1960 

Young do Rhoads 
1971 

Bloom et al . 
1972 

Levinton 
19'77 

Myers 
1977 

Botton 
1979 

Virnstein 
1979 

Eteone heteropoda C,D-NS AP 
Gyptis vittata 
Nuris succinct C'S AB, D 
Nephtys incisa D D-F D 
Glycera americana C, D-NS C? 
Glycinde solitaria AB 
Onuphis eremite D-NS 
Diopatra cuprea C, S C 
Drilonereis longs C 
Dorvilka caeca C? 
Lumbrineris tennis D-NS 
Scoloplos rubra D-NS 
Paraonis gracilis D-S D 
Polydora ligni TD 
Scolelepis squamata AB, PM, D-S 
Spiochaetopterus oculatus TS 
Capitella capitata D D D 
Clymrnella torquata calida D? S D 
Pectinaria gouldii D-S D-NS 
Polycirrus eximius D-S 
Tere6ellides stroemii D 

C - carnivore 
S - Scavenger 

D-S - selective deposit feeder 
0.NS - non-elective deposit fade 

D - deposit feeder 
AB ~ active burrowtt 
AP ~ active predator 
PM - predator on mriofauna 
TD - tube-dwelling surface deposit taller 
7'S - tube-dwelling surface fads 
D-F - facultative deposit taller 
S ~ awallower 
? - questionable based on literature source 

60 to 120 m; upper slope, Texas-Louisiana shelf, 120 to 
200 m ; upper slope, west Florida shelf, 120 to 200 m; 
submarine bank, Texas-Louisiana shelf, 20 to 100 m ; 
and Florida Middle Ground, 30 to 60 m . These assem-
blage groups were based not only upon the work of De-
fenbaugh (1976) but also previous studies . Therefore, 
the study area for the present project is included within 
the Northwestern Gulf Province and contains four re-
ported assemblage groups : inner shelf, intermediate 
shelf, outer shelf, and the pro-delta . 

Stanton and Evens (1972), in a study of mol-
luscan biofacies from Southwest Pass to eastward of the 
Mississippi delta, reported the extension of the inner 
shelf and outer shelf biofacies (herein equated to assem-
blage groups of Defenbaugh (1976)) to south of the 
delta with the absence of the intermediate shelf assem-
blage . 

Farrell (1974a,6), in his study of the benthic 
communities in the vicinity of producing oil wells on the 
shallow Louisiana continental shelf concluded that his 
study area belonged to a common biocoenosis . This bio-
coenosis appeared to the senior author to be included 
within our inner shelf assemblage . Farrell (1974x,6) also 
reported an exchange of species between the shelf and 
Timbalier Bay. The shallow shelf (5 m) demonstrated a 
high degree of similarity to central regions of the Bay as 

indicated by the distribution of the bivalve Mulinia lat-
eralis. 

In the BLM South Texas OCS Project, five 
station groups based upon infauna data could be identi-
fied by depth : shallow, 10 to 27 m; shallow-intermedi-
ate, 18 to 24 m; intermediate, 34 to 49 m; deep-interme-
diate, 69 to 100 m; and deep, 106 to 134 m (Holland, 
1979) . 

Harper (1970), in a study of the macroin-
fauna offshore Galveston, Texas, identified three ani-
mal communities in relation to substrate type: sandy 
bottom, mixed bottom, and muddy bottom . Harper's 
communities fall within the inner shelf assemblage of 
Defenbaugh (1976) . Harper (1977) in his study of the 
Buccaneer Oil Field offshore Galveston, Texas, identi-
fied four site groups and six species groups . Again, this 
area lies within the inner shelf assemblage . 

In the BLM MAFLA OCS Project, seven 
species associations were defined by cluster analysis . 
The clusters followed depth contours and the four prin-
cipal clusters represented faunas along contours of 20, 
40, 100, and 200 m (Dames and Moore, 1979) . These 
clusters correspond closely to the assemblages estab-
lished by Defenbaugh (1976) . 

Community structure defined by individual 
taxa can be expressed as a measure of constancy and 
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fidelity (Stephenson et al ., 1970) . This is discussed 
above in the section on Meiofauna Cluster Analysis . 
Table 161 lists those taxa which characterize the mac-
roinfauna Taxa Group Associations . Primary indicators 
are those taxa which occurred in at least one subcompo-
nent or Taxa Group during each cruise . Secondary indi-
cators are those taxa which occurred in at least one sub-
component during two of the three cruises . Taxa Group 
Association No. 2 had no primary indicators since the 
Cruise II subcomponent was missing . Measures of con-
stancy and fidelity are also given . 

Macroinfauna Taxa Group Association 
No. 1 was composed of several ubiquitous taxa, some of 
which are individually discussed under the section on 
Polychaeta above . This Taxa Group Association ap-
peared to prefer Sites P1, P2, C21, C22, and C24 over 
all cruises . Both primary and secondary indicators 
showed high constancy and moderate fidelity . All of the 
indicators but one were polychaetes . Correlation analy-
sis indicated that as distance from shore, depth, and sa-
linity decreased and hypoxic bottom conditions in-
creased, density of Taxa Group Association No . 1 in-
creased . 

Table 162 presents previously reported as-
sociations of the characteristic taxa of macroinfauna 
Taxa Group Associations . In the past, Paraprionospio 
pinnata has been grouped with Sigambra tentaculata 
and Diopatra cuprea . In previous studies some of the 
members of Taxa Group Association No. 1 have been 
grouped with members of other Taxa Group Associa-
tions, but with little consistency . The exception was D. 
cuprea, which was grouped by Harper (1977) and Sand-
ers (1958, 1960) with Glycera americana. 

Macroinfauna Taxa Group Association 
No. 2 was composed of several more common taxa . 

This Taxa Group Association occurred in greatest densi-
ties at P2 and C21 during all three cruises . Secondary in-
dicators showed high constancy and moderate to high 
fidelity . The secondary indicator Balanoglossus was the 
sole member of Cluster IV in the Buccaneer Oil Field 
(Harper, 1977) . Correlation analysis indicated that as 
distance from shore, depth, and salinity decreased, the 
number of individuals of Taxa Group Association No . 2 
increased . 

Taxa Group Association No . 3 consisted of 
several taxa which appeared to prefer the environment 
provided at P3, except for Station 52000 . Only one pri-
mary indicator was defined, but it showed high con-
stancy and moderate fidelity . Eight secondary indica-
tors, mostly polychaetes, were defined and demon-
strated high constancy and low to high fidelity. 
Secondary indicators did not tend to be grouped to-
gether or with members of other Taxa Group Associa-
tions except for G. americana which is discussed above 
(Table 160) . Correlation analysis indicated that as per-
cent sand increased and percent silt, TOC, chromium, 
and iron decreased, the density of Tea Group Associa-
tion No . 3 increased . 

Taxa Group Association No . 4 preferred 
sites P3 52000, P4, and C23 over all three cruises . Cor-
relation analysis indicated that as distance from shore 
and percent silt increased and temperature, percent 
sand, and hypoxic bottom conditions decreased, the 
density of Taxa Group Association No . 4 increased . 
Again only one primary indicator was defined, but it 
showed high constancy and moderate fidelity . Eight sec-
ondary indicators included gastropods, a bivalve, and 
polychaetes which demonstrated high constancy and 
low to high fidelity . Three of the secondary indicators 
and the primary indicator were members of other 

TABLE 161 . Characteristic taxa of macroinfauna Taxa Group Associations . 

Taxa 
Group Site Constancy Fidelity Constancy Fidelity 

Association Preference Prima Indicators . ~h % Secondary Indicators (%) (%) 
P1 Paraprionospiopinnata(P) 99 48 Nereis(P) 78 51 
P2 Golfingia bulbosa (Si) 91 60 Diopatra cuprea (P) 85 56 
C21 Magdona phyllisae(P) 100 61 
C22 Sigam6ra tentaculata (P) 100 54 
C24 

No . 22 P2 Balanogiossus (Cc) 78 93 
C21 Le idasthenia P 89 SO 

No . 3 P3 Ceratonereis irritabilis (P) 95 53 Glycera emericana (P) 93 32 
Prionospio cristata (P) 91 58 
Aricidea fragilis (P) 100 38 
Photis macromanus (A) 81 63 
Prionospio cirtobranchiata (P) 93 36 
Tharyx marioni (P) 100 20 
Tharyx -tigers (P) 86 46 
Am lisca verrilli A 79 73 

No. 4 P3 52000 Ninoe nigripes (P) 100 65 Volvulella texasiana (G) 88 48 
P4 Magdona filiformis (P) 82 60 
C23 Cingula (G) 79 87 

Armandia maculate (P) 95 39 
Cossura delta (P) 99 37 
Nephtys incise (P) 100 40 
Corbula contracts (B) 95 39 
Prionos io cirrifera P 74 31 

'(P) denotes Polychacta 
(G) denotes Gasuropoda 
(B) denotes Bivalvia 
(A) denotes Amphipoda 
(Si) denotes Sipunculida 
(Ce) denotes Cephalochordata 

2Coostancy and fidelity value based upon Cruises t and III only . 
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associations in other studies (Table 162) . Nephtys incisa 
and Ninoe nigripes were grouped together in Buzzards 
Bay . Nephtys incisa also tended to be grouped with G. 
americana in Buzzards Bay and Hadley Harbor (Sand-
ers, 1958, 1960; Parker, 1975) . 

None of the indicators of the macroinfauna 
Taxa Group Associations were also indicators of the 
meiofauna Taxa Group Associations . Sites P3, P4, S14, 
515, S16, 517, S18, and C23 tended to group within the 
intermediate shelf assemblage . Sites S6, S7, S9, and S13 
may correspond to the pro-delta assemblage, but with 
different depth limits . However, the above sites are 
probably more closely related to the intermediate shelf 
assemblage . There was no crossover of depth zones in 
station similarity . 

Taxa Group Association Nos. 1 and 2 
should be included in the inner shelf assemblage . Taxa 
Group Association Nos . 3 and 4 appeared to be related 
to the intermediate shelf assemblage . 

6. Macroepifauna and Demersal Fish 

a . Decapoda 
Only two decapod taxa were among either 

the top ten or commercially important macroepifauna 
taxa collected in this project : Penaeus aztecus and P. se-
tiferus . Note that increased dominance by a few taxa in-
dicates a stressed environment (Gray and Mirza, 1979) . 
Several of the abiotic variables were found to be signifi-
cantly correlated with the above taxa . 

Penaeus aztecus occurred at only 55% of the 
sites sampled in this project . It was not collected at P1, 

C22, or C24 during any of the three cruises . As percent 
silt, total unsaturated hydrocarbons, oil agar counts, 
cadmium, copper, and nickel decreased, the density of 
P . aztecus increased . This species has been reported 
over much of the Gulf of Mexico by Hedgpeth (1953), 
Farfante (1967), and Thompson (1974) ; Farfante (1967) 
lists collecting localities from Florida to Massachusetts . 
Penaeus aztecus has been readily caught from south 
Texas to the Desoto Canyon in depths of 0 to 120 m 
(Table 163) . 

Penaeus setiferus was collected at only seven 
sites in this project. As distance from shore, depth, sa-
linity, and chitin degradation decreased and copper, 
nickel, and cadmium increased, the density of P. setife-
rus increased . The National Marine Fisheries Service 
(NMFS) Gulf of Mexico Statistical Area No. 14 extends 
seaward and includes the area from Bayou Lafourche to 
the Atchafalaya River . Dr . Charles W. Caillouet (per-
sonal communication) and NMFS (1971, 1972, 1973, 
1976, 1977a,6), reported that little commercial shrimp-
ing was done in Statistical Area No. 14 and that shrimp 
density was low . The largest concentration of oil pro-
ducing platforms in the Gulf of Mexico is located in Sta-
tistical Area No. 14 . See the section on Hypoxic Bottom 
Conditions above . 

b. Osteichthyes 
Seven species of demersal fish were either 

among the top 15 or commercially important macroepi-
fauna and demersal fish collected : Prionotus rubio, 
Halieutichthys aculeatus, Cynoscion arenarius, C. no-
thus, Leiostomus xanthurus, Menticirrhus americanus, 

TABLE 163. Reported occurrence of the decapod Penaeus aztecus. 

Locality Remarks Reference 
Offshore South Texas 1 to 90m Holland (1977) 
Offshore Mexico 0 to 90 m Defenbaugh (1976) 

Texas to 0 to 200 m 
Mississippi Delta 

Delta to 0 to 90 m 
Desoto Canyon 

Texas to Louisiana 4 to 20 m; Sand-mud, Defenbaugh (1976) 
Inner Shelf Assemblage 36% 

Intermediate Shelf 20 to 60 m ; 
Assemblage Sand-mud, 36% 

Outer Shelf Assemblage 60 to 120 m; 
Mud, 36% 

Pro-delta Assemblage 4 to 20 m; Silty 
muds, 24 to 34% 

Buccaneer Oil Field, Emiliani et al . (1977) 
Offshore Texas 

Grand Isle, Behre (1950) 
Louisiana 

Offshore Louisiana Ragan et al . (1978) 
Georgia Bight, Patchily distributed George and Staiger 
South Atlantic over entire shelf (1979) 
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and Micropogon undulatus. Increased dominance by a 
few taxa indicates a stressed environment (Gray and 
Mirza, 1979). 

Prionotus rubio occurred at 63% of the 
sites in this project and ranked first in overall abun-
dance. As sulfate oxidation and marine agar counts de-
creased and D.O., percent silt, median grain size, 
ethane, propane, the contamination index, iron, and 
heterotrophic activity increased, the density of P . rubio 
increased. This species has been collected from south 
Texas to offshore Alabama, Mississippi, and West Flor-
ida (Table 164) . 

Halieutichthys aculeatus occurred at only 
53% of the sites sampled in this project and ranked 
fourth in overall abundance . As temperature decreased 
and distance from shore, salinity, depth, percent silt, 
median grain size, oil agar counts, iron, ethane and pro-
pane in the water column, and the contamination index 
increased, the density of H. aculeatus increased . This 
species has been reported from South Texas to Louisi-
ana (Table 165) . 

Micropogon undulatus was collected at 
only 33% of the sites sampled in this project and ranked 
18th in overall abundance . As percent silt, median grain 
size, oil agar counts, copper, and nickel decreased and 
temperature increased, the density of M. undulatus in-
creased . This species has been reported to be the domi-
nant fish, not only offshore Louisiana, but in the entire 
Gulf of Mexico (Ragan et al ., 1978) . It has been re-
ported from the south Texas shelf to the Louisiana con-
tinental shelf (Behre, 1950; Perry, 1974 ; Thompson, 
1974 ; Emiliani et al ., 1977 ; Wohlschlag, 1977) and in 
the Georgia Bight (George and Staiger, 1979) . 

Leiostamus xanthurus occurred at 28% of 
the sites sampled in this project and ranked 26th in over-
all abundance . As marine agar counts and chitin degra-
dation decreased and temperature, percent silt, and 
median grain size increased, the density of L . xanthurus 
increased . This species has been reported from offshore 
Louisiana (Behre, 1950 ; Perry, 1974 ; Thompson, 1974), 
the Buccaneer Oil Field (Emiliani et al ., 1977), and the 
Georgia Bight (George and Staiger, 1979) . 

Cynoscion arenarius occurred at only 23% 
of the sites sampled in this project and ranked 36th in 
overall abundance. As chitin degradation, percent silt, 
median grain size, oil agar counts, copper, nickel, het-
erotrophic activity, and total unsaturated hydrocarbons 
decreased, the density of C. arenarius increased . Cynos-
cion nothus occurred at 23% of the sites and ranked 
40th in overall abundance. Both C. scenarios and C. no-
thus have demonstrated the same distribution pattern, 
being collected from south Texas to the Louisiana shelf 
(Table 166) . However, only C. nothus was reported by 
George and Staiger (1979) in the BLM South Atlantic 
OCS Project . 

Menticirrhus americanus occurred at only 
20% of the sites sampled in this project and ranked 
52nd in overall abundance . As distance from shore, 
depth, salinity, and iron decreased and marine agar 
counts increased, the density of M. americanus 
increased . This species has been reported from south 
Texas to the Louisiana shelf (Behre, 1950; Perry, 1974 ; 
Thompson, 1974 ; Emiliani et al ., 1977 ; Wohlschlag, 
1977) and the Georgia Bight (George and Staiger, 1979) . 

TABLE 164. Reported occurrence of the demersal fish Prionotus rubio. 

Locality Remarks Reference 
Offshore South Texas Predominant-night, Holland (1977), 

during fall W'ohlschlag (1977) 

Buccaneer Oil Field, Emiliani et al . (1977) 
Of fshore Texas 

Timbalier Bay, Perry (1974) 
Louisiana 

Offshore Louisiana Shelf Ragan et al . (1978) 

Offshore Alabama, Dames and Moore 
Mississippi, West (1979) 
Florida 

TABLE 165. Reported occurrence of the demersal fish 
Halieutichthys aculestus. 

Locality Remarks Reference 
Offshore South Texas Predominant-night 

and during fall 
Holland (1977), 
Wohlschlag (1977) 

Buccaneer Oil Field, 
Offshore Texas 

Emiliani et al . (1977) 

Timbalier Bay, 
Louisiana 

Perry (1974) 

Offshore Louisiana Shelf ~ Ragan et al . (1978) 
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TABLE 166. Reported occurrence of the demersal fish Cynoscion arenarius 
and C. nothus . 

Locality Remarks Reference 
Offshore South Texas Predominant-night Wohischlag (1977) 

Buccaneer Oil Field, 
Offshore Texas 

Emiliani et al . (1977) 

Timbalier Bay, 
Louisiana 

Perry (1974) 

Grand Isle, Louisiana Behre (1950) 

Offshore Louisiana Thompson (1974) 

c . Cluster Analysis 
Faunal assemblages for macroepifauna are 

essentially the same as those proposed by Defenbaugh 
(1976) and are discussed above in the section on Mac-
roinfauna Cluster Analysis . Chittenden and McEachran 
(1976) provide a good discussion of the demersal fish 
communities in the Gulf of Mexico . At least four dis-
tinct demersal fish communities can be recognized : 
white shrimp grounds, 3.5 to 22 m in terrigenous muds; 
brown shrimp grounds, 22 to 91 m terrigenous muds; 
pink shrimp grounds, less than 45 to 64 m in biogenic 
calcareous sediments ; and a superimposed broken relief 
fauna composed primarily of tropical reef fishes . The 
predominant fishes of the white shrimp grounds are in 
the family Sciaenidae and Micropogon undulatus is the 
dominant species . Stenotomus caprinus of the family 
Sparidae is dominant on the brown shrimp grounds . 
Bathymetric distribution of the white and brown shrimp 
grounds is affected by salinity and/or associated factors 
(Chittenden and McEachran, 1976) . The white shrimp 
grounds and brown shrimp grounds roughly correspond 
to the inner shelf and intermediate shelf assemblages, 
respectively, of Defenbaugh (1976) . 

In the BLM South Texas OCS Project, the 
following station groups based upon seasonal epifauna 
data were defined : shallow, 10 to 15 m ; shallow-inter-
mediate, 22 to 45 m; deep-intermediate, 47 to 100 m; 
and deep, 106 to 134 m (Holland, 1979) . Based upon the 
demersal fish data, three station groups were identified : 
Group 1, shallow, <30 m; Group 2, mid-depth, 31 to 90 
m; and Group 3, deep, >91 m (Wohlschlag, 1979) . 
Based upon characteristic species, two other depth 
zones, which reflected crossover between groups 1 and 3 
above, were identified : shallow to mid-depth and mid-
depth to deep . 

In the BLM South Atlantic OCS Project, 
both the macroepifauna and demersal fish were divided 
by cluster analysis into inner-shelf, midshelf, outer-
shelf, and deep-slope zones with the shelf zones longi-
tudinally parallel to the shore and shelf break (George 
and Staiger, 1979) . There were definite seasonal shifts in 
the major shelf zone boundaries and the winter faunal 
assemblage was generally dominant in the inner shelf. 
The northern part of the inner-shelf zone contains fau-
nal elements of the Virginia province while the southern 
part merges with the tropical Caribbean faunal province. 
The BLM South Atlantic OCS study area belongs to the 
Carolinian province and contains a transitional fauna 
with a mixture of northern and southern species and 
some endemic species (George and Staiger, 1979) . 

Community structure defined by individual 
taxa can be expressed as a measure of constancy and fi-
delity (Stephenson et al ., 1970) . This is discussed above 
in the section on Meiofauna Cluster Analysis . Table 167 
lists those taxa which characterize the macroepifauna 
and demersal fish Taxa Group Associations . Primary 
indicators are those taxa which occurred in at least one 
subcomponent or Taxa Group during each cruise . Sec-
ondary indicators are those taxa which occurred in at 
least one subcomponent during two of the three cruises . 
Taxa Group Association No . 2 had no primary indica-
tors since the Cruise II subcomponent was missing . 
Measures of constancy and fidelity are also given . 

Macroepifauna Taxa Group Association 
No. l (Table 167) was composed of several ubiquitous 
taxa some of which are individually discussed under the 
sections on Decapoda and Osteichthyes above . This 
Taxa Group Association appeared to prefer Sites P3, 
P4, and C23 over all cruises . Correlation analysis indi-
cated that as distance from shore and depth increased 
and presence of hypoxic bottom conditions decreased, 
the density of Taxa Group Association No. 1 increased . 
Six primary indicators with high constancy and fidelity 
were defined and included two decapods, one asteroid, 
and three demersal fish (Table 167) . Twelve secondary 
indicators had low to high constancy and medium to 
high fidelity . Note the low constancy of Bollmannia 
communis and the 100% fidelity of Sicyonis 6reviros-
tris, Cyclopsetta chittendeni, and Diplectrum bivitta-
tum . Fifty-eight percent of the secondary indicators 
were demersal fish . 

Table 168 lists previously reported associa-
tions of the characteristic taxa of macroepifauna and 
demersal fish Taxa Group Associations . Trachypenaeus 
similis, Squilla empusa, Sicyonia dorsalis, and Penaeus 
aztecus tended to be grouped together or occur together 
on the Texas-Louisiana shelf from south Texas to east 
of the Mississippi River . Astropecten duplicates and S. 
brevirostris were occasionally associated with the above 
species . Depth distribution ranged from 1 to 120 m. 
Squilla chydaea occurred as deep as 200 m . 

Taxa Group Association No . 2 (Table 167) 
was composed of several more common taxa which oc-
curred in greatest densities at P1, C21, and C24. Corre-
lation analysis did not indicate any significant correla-
tion with the abiotic variables . Only two secondary indi-
cators were defined and both had high constancy and 
fidelity . Pagurus pollicaris has been reported from the 
inner shelf and pro-delta sound assemblages on the 
Texas-Louisiana shelf (Table 168) . 

None of the indicators of the macroepifauna 
and demersal fish Taxa Group Associations were also 
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TABLE 167. Characteristic taxa of macroepifauna and demersal fish Taxa Group Association . 

Taxa Group 
Associations 

Site 
Preference 

Primary 
Indicators 

Constancy 
% 

Fidelity 
% 

Secondary 
Indicators 

Constancy 
% 

Fidelity 

No . 1 P3 Leiolun6rus nitidus (D) 79 88 I Squilla empusa (S) 63 SS 
P4 Prionotus rubio (O) 84 64 ~ Sicyonia 
C23 Stenotomus caprinus (O) 4 93 brevirostris I',D) 42 100 

Halieutichthys aculeatus (O) 84 80 Squilia chydaea (S) 56 75 
Trachypenaeussimilis(D) 63 71 Bollmannia 
Astropectenduplicatus(As) 74 82 communis(O) 31 83 

Sicyoniadorsalis(D) 47 82 
Cyclopsetta 
chittendeni(0) 74 100 
Citharichthys 
spilopterus(O) 53 59 
Crntropristis 
philaddphicus(O) 63 92 
Etropuscrossotus(O) 58 SS 
Syaciumgunteri(O) 64 69 
Penatusaztecus(D) 90 77 
Diplectrum 
bivittatu v 79 100 

No . 22 PI Calliactis tricolor (An) 75 75 
Paguruspollicaris(D) I 75 I 75 

C2d 
'(An) denotes Anthozoa 
(D) denotes Decapoda 
(3) denotes Samuopoda 
(M) denotes Asuroida 
(O) denotes OsteichtAya 
'Constancy and fidelity values band upon Crones I and III only . 

TABLE 168 . Previously reported associations of the characteristic taxes of macroepifauna and 
demersat fish Taxes Group Associations . 

Offshore 
Mississippi, 

Alabstin. and West 
Offshore South Taco Offshore South Texas Florida (Dames 
(Woh4chl, 1979 (Holland, 1977) and Moorc, 1979 

Depth Zones Depth Zones Clusters 

Taxis Shallow- Deep- 
Group Mid-Depth Shallow Intermediate Intermediate III 

Tw Associations Shallow Mid-Depth to Deep (I to 30m) (20 to 60m (30 w 90m) 33 to 30m 

Ltio4mbrwnitidus(D)l 1 
Stmotomus uprinus (O) 1 X 
Truhypenatus similis (D) 1 X X 
Astropectmduplicatus(As) 1 X X 
Squilla amp- (S) I X X 
Sicyonia 6revirostris (D) 1 
Squilla chydaa (S) 1 X X 
Sieyonia doraalis (D) 1 
CiNarichthysspilopterus(O) i X 
CmUOpristis philaddphicus (O) 1 X 
Paturus pollicaris (D) 2 
Penaeua utecur D 1 
I(D) denotes Deespods 
(S) dman Stom"cVO" 
(Aq denote MurcWes 
(0) deeWa Ondc6thre 

TABLE 168. Previously reported associations of the characteristic taxes of macroepifauna and 
demersal fish Taxes Group Associations (Cont'd) . 

Texas-Louisiana Shelf Georgia Sight 
(DetmWu , 1976) (George ared Su er, 1979) 

Asumbl e a th Zoees/Auembl s 

Tw Inner Pro-Delu Pro-Delta Intermediate outer upper 

Group Shelf Fan Sound Shelf Shelf Slope Inner Mid Outs Deep 

Tao Associations (4 to 20m) (1 to 20m) (! W 30m) (20 to 60m) (60 to 120m) (120 to IOde) Shelf Shelf Shelf S!2pe 

Lein4m6rwailidur(D)l 
Stmotomwapriaur(O) 1 
Tnc6ypmaeui+imilu(D) 1 X X X X X 
Artioyeetmduplkatus(As) 1 X X 
Squil4empuas (S) 1 X X X X 
Skyonia6rcvirottti(D) 1 X X X X X 

SquiW e6ydaea (S) 1 X X 
SieyonyAorraly(p) 1 X X X X 
CifAariehthyaspilopterus(O) 1 
CeotrnDri+d+OhaamDhicm(O) I X X 
Psgunupollicarlt(D) 2 X X 
Penaeutanaw(D) 1 X X X X X X 
I(D) denotes DaRsoda 
(5) dope Stamam0ada 
(As) denotes Ageroides, 
(0) devote OstdchNyn 
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indicators for meiofauna or macroinfauna Taxa Group 
Associations . 

Macroepifauna and demersal fish similarity 
between stations is presented in Fig . 29 above . Station 
similarity patterns closely corresponded to sediment 
patterns and to the macrofauna assemblages of De-
fenbaugh (1976) . Sites P1, P2, SS, S8, 510, 511, S12, 
S18, S19, 520, C21, C22, and C24 tended to group 
within the inner-shelf assemblage . Sites P3, P4, S6, S7, 
S9, 513, S14, S15, 516, 517, and C23 tended to group 
within the intermediate-shelf assemblage . Crossover be-
tween these depth zones occurred at Sites P2, P3, P4, 
C22, and C23. 

Taxa Group Association No . 1 should be 
included in the intermediate shelf assemblage and Taxa 
Group Association No . 2 should be included with the 
inner shelf assemblage group . 

C. Effects of Petroleum Production Platform Activity 
on Benthic Populations on the Louisiana Continen-
tal Shelf 

1. Factors Affecting Population Trends 
Of 39 physical, chemical, sediment, organic, 

trace metal, and microbiological variables (Table 102) 
identified as possibly affecting population trends, all 
but seven consistently demonstrated a correlative 

relationship over more than one cruise with 44 biologi-
cal variables (Tables 103-129) . Tables 169, 170, and 171 
summarize the significant correlations for meiofauna, 
macroinfauna, and macroepifauna and demersal fish, 
respectively . 

a. Physical, Chemical, Sediment, and Microbi-
ological Variables 
McKee and Wolf (1963), Kemp et . al .(1971), 

and the U.S . Environmental Protection Agency (EPA) 
(1976) have described the effects of physical, chemical, 
and sediment abiotic variables upon various organisms . 
Under certain conditions, depth, salinity, temperature, 
dissolved oxygen, hypoxic bottom conditions, and sedi-
ment type can become critical to the survival of marine 
organisms . Distance from shore and from the mouth of 
the Mississippi River is reflected in the amount of fresh-
water runoff and associated sediment and organic load . 
Continued input of organic rich runoff results in exten-
sive turbidity plumes, which can cause high sedimenta-
tion and reduced D.O . The EPA (1976) recommended a 
minimum concentration of 5.0 mg/1 D.O . to maintain 
good fish populations . No minimum values were recom-
mended for the other abiotic variables . 

As shown in Table 169, Ammonia beccarii, 
Sabatieria, Theristus, Terschellingia, and Meiofauna 
Taxa Group Association Nos. 1 and 3 all tended to 

TABLE 169. Summary of significant correlations between areiofauna biotic variables 
and selected abiotic variables over all cruises. 
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TABLE 170. Summary of significant correlations between macroinfauna biotic 
variables and selected abiotic variables over all cruises . I 
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bottom conditions . 
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TABLE 171 . Summary of significant correlations between macroepifauna and demersal 
fish biotic variables and selected abiodc variables over all cruises. I 
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increase in density nearshore (DSHORE), close to the 
mouth of the Mississippi (DMISS), in shallow depths, 
lower salinities, lower temperatures, and lower dis-
solved oxygen (D.O.) . All of the above appeared to pre-
fer coarser sediments even though there was no signifi-
cant correlation with sand . Sabatieria did increase as 
skewness (STD) increased and Theristus increased as the 
median diameter decreased . 9uliminella morgani and 
Meiofauna Taxa Group Association No. 2 increased as 
distance from shore, depth, salinity, and D.O . in-
creased . This trend appears to be related to a preference 
for finer sediments found typically offshore. However, 
there was not a significant correlation with silt . Ammo-
nia 6eccarii, Sabatieria, Theristus, and Terschellingia all 
had higher densities in the vicinity of hypoxic bottom 
conditions . Note that Terschellingis density was greater 
in low D.O . and hypoxic bottom conditions, while 
Meiofauna Taxa Group Association No . 2 had an oppo-
site reaction to these conditions . The correlation of B. 
morgani and Chromadoridae with chitin degradation 
(LCHI) and marine agar counts (LMA) may indicate a 
preference for these bacterial types as a food source or a 
relatedness to their nutrient source . In summary, dis-
tance from shore, presence of hypoxic bottom condi-
tions, depth, and salinity appeared to have the greatest 
effect upon seven of the members of Meiofauna Taxa 
Group Association No . 1, Buliminella morgani, A, bec-
carii, Sabaderia, Cyatholaimidae, Theristus, Linho-
moeidae, and Terschellingia, which preferred sites P1, 
P2, and C21 (Table 60) . 

Examination of Table 170 indicates that 
macroinfaunal diversity, Pielou evenness, and Heip 
evenness all increased as distance from shore, salinity, 
and D.O . increased . Depth increased as Pielou and Heip 
evenness increased ; percent sand and median grain size 
increased as Heip evenness increased . Number of indi-
viduals increased as distance from shore, depth, salin-
ity, and percent silt decreased . Number of species in-
creased as percent silt and median grain size increased . 
Paraprionospio pinnate, Sigam6ra tentaculata, Mago-
lone phyllisae, and Nereis are all members of Macroin-
fauna Taxa Group Association No . 1 . Both the above 
species, with the exception of Nereis, and Taxa Group 
Association No. 1 reacted similarly to the same abiotic 
variables . As distance from shore, depth, and salinity 
decreased, the density of P. pinnate, S. tentaculata, M. 
phyllisae and Macroinfauna Taxa Group Association 
No. 1 increased at Sites P1, P2, C21, C22, and C24. 
Both Sigambra tentaculata and Taxa Group Association 
No. 1 increased in hypoxic bottom conditions . Why 
Nereis did not demonstrate the same correlations as 
Macroinfauna Taxa Group Association No. 1 is not ap-
parent . Tharyx marioni and Macroinfauna Taxa Group 
Association No. 3, of which it was a member, both in-
creased in density as percent sand increased and percent 
silt decreased . Nephtys incise and Macroinfauna Taxa 
Group Association No . 4, of which it was a member, in-
creased in density as distance from shore and percent silt 
increased and percent sand decreased . 

The densities of S . tentaculata and Mac-
roinfauna Taxa Group Association No. 1 increased and 
Taxa Group Association No . 4 decreased in the presence 
of hypoxic bottom conditions . Both Taxa Group Asso-
ciation Nos. 1 and 2 were inversely correlated with dis-
tance from shore, depth, and salinity . Both T. marioni 
and Nereis increased in density as percent sand 

increased and percent silt decreased. In summary, dis-
tance from shore, depth, and salinity had the greatest 
effect on the dominant macroinfauna taxa and Taxa 
Group Associations . 

Examination of Table 171 indicates that di-
versity and Pielou evenness of Macroepifauna and de-
mersal fish increased as distance from the Mississippi 
and D.O . decreased . Number of individuals also in-
creased as D.O . increased . As distance from shore in-
creased, number of species increased and diversity de-
creased . Only Halieutichthys aculeatus and Macroepi-
fauna and Demersal Fish Taxa Group Association No . 1 
increased in density as distance from shore and depth in-
creased . In summary, distance from shore, depth, D.O., 
percent silt, and median diameter had the greatest effect 
upon Penaeus aztecus, Prionotus ru6io, and H. acules-
tus and Taxa Group Association No. 1 at sites P3, P4, 
and C23 . 

b. Total Organic Carbon and Hydrocarbon 
Variables 
Biological effects of oil pollution have been 

summarized by Evans and Rice (1974) : 

" direct kill of organisms through coating 
and asphyxiation 

" direct kill through contact poisoning of or-
ganisms 

" direct kill through exposure to the water-
soluble toxic components of oil at some dis-
tance in space and time from the accident 
destruction of the generally more sensitive 
juvenile forms of organisms 

" destruction of the food sources of higher 
species 

" incorporation of sublethal amounts of oil 
and oil products into organisms, resulting 
in reduced resistance to infection and other 
stresses 

" incorporation of carcinogenic and potenti-
ally mutagenic chemicals into marine orga-
nisms 

" low-level effects that may interrupt any of 
numerous behavioral events necessary for 
the propagation of marine species higher in 
the food web. 

McKee and Wolf (:1963) and the EPA (1976) have also 
compiled literature concerning the effects of various pe-
troleum products upon various organisms . 

In this study, ethane and propane were inver-
sely correlated with Cyatholaimidae and Theristus and 
the contamination index was inversely correlated with 
Theristus (Table 169) . None of the other meiofauna va-
riables were significantly correlated with the hydrocar-
bon variables nor were they significantly correlated with 
total organic carbon (T.O.C .) . 

Table 170 indicates that T.O.C . increased as 
number of species and Pielou and Heip evenness for 
macroinfauna increased . As Macroinfauna Taxa Group 
Association No. 3 and its member Tharyx marioni in-
creased, T.O.C . decreased. As Nereis increased total 
unsaturated hydrocarbons decreased. 

Examination of Table 171 indicates that as 
Prionotus rubio and Micropogon undulates increased, 
ethane, propane, and the contamination index 
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increased . Both of the above were members of Macroe-
pifauna and Demersal Fish Taxa Group Association 
No. 1 . Total unsaturated hydrocarbons decreased as Pe-
aaeus aztecus and Cynoscion arenarius increased . 
T.O.C . was not significantly correlated with any of the 
macrcepifauna and demersal fish variables . 

In this study, Bohnstedt, in Nulton et al . 
(1980), found the sediment T.O.C . average for all sites 
to be 0.65% with a high of 1 .08% at S13 and a low of 
0.11% at 519. This average compared favorably with 
the 0.68% value found by Gearing et al . (1976) offshore 
Mississippi and Alabama and with the 0.63% T.O.C . 
value of an idealized Gulf of Mexico sediment of Parker 
Scalars, and Winters (1979) . Brent et al . (1979) reported 
an "ecosystem rich in organic carbon" in the water col-
umn on the Louisiana continental shelf. T.O .C . values 
averaging 5 mg/8 (0.50%) were reported, while waters 
of the open gulf averaged 1 .5 to 2 mg/E (0.15 to 0.20%) . 
Certainly the primary source of this organic matter is 
the Mississippi River (Brent et al ., 1979 ; Nulton et al ., 
1980) . Runoff from the extensive coastal marsh lands 
adjacent to the Louisiana continental shelf supplies 
large quantities of organic matter . This high organic 
load contributes significantly to oxygen depletion in 
Louisiana coastal waters, resulting in hypoxic bottom 
conditions (see section above on Hypoxic Bottom Con-
ditions) . 

Nulton et al . (1980) reported that the entire 
study area had baseline levels of CJ-C4 saturated hy-
drocarbons 30-fold higher than open sea levels . Five 
sites, S8, S16, and S18 during Cruise II and P2 and P4 
during Cruise III, were found to have levels of low mo-
lecular weight hydrocarbons (LMW-HC) well above the 
apparent baseline level (Contamination Index 
LCl>3 .5) . Pipeline breaks, discharged brine, and flared 
gas probably contributed to these high levels (Nulton et 
al ., 1980) . Petrogenic hydrocarbons arising from plat-
form-related activities were identified in sediments from 
P1, S6, S7, 511, S13, and S16 and in biota from P4, S9, 
S11, S16, 519, and S20 . There were concentration gra-
dients of hydrocarbons from sites P1, S6, S7, 510, S11, 
S12, S13, S14, 516, and S17 . The decreasing concentra-
tion with distance implied that the platforms and/or 
their related activities were the source of elevated levels 
of hydrocarbons in the surrounding environment . This 
led to an ordering of platforms on the basis of level of 
indicated platform-related effects (Nulton et al ., 1980) : 

high : P1, S7, S11, S16 
medium: P4, S5, S8, S9, 515, S17, 518, 
S 19, S20 
low : P2, P3, S6, S10, 512, 513, S14. 

Statistical analyses of the data did not show a 
significant association between levels of hydrocarbons 
and number of wells drilled, age or production level of 
the platform . 

Bohnstedt, in Nulton et al . (1980), reported 
that total hydrocarbon concentrations in the sediments 
reached highs of 200 ppm (S11), >100 ppm (S6, S13, 
and S16), and 96 to 370 ppm (P1) at the 100-m stations 
during Cruise I . Armstrong et al . (1977), in a study of 
separator platform effluent in Galveston Bay, Texas, re-
ported hydrocarbon concentrations of 96 ppm (34 ppm 
were aromatics) beneath the platform . These concentra-
tions resulted in reduced numbers of species and 

individuals of benthic organisms living within 152 m of 
the separator platform . Carr and Reish (1976) found 96-
hr LCso values of 12.0 and 12.5 mg/f for the effects of 
south Louisiana crude oil on Capitella capitata and 
Neanthes arenaceodentata, respectively . There is evi-
dence that once oil pollutants become incorporated into 
sediments below the aerobic surface layer, petroleum oil 
can remain unchanged and toxic for long periods, since 
its rate of bacterial degradation is slow (EPA, 1976) . 

Levels of polynuclear aromatic compounds 
(PAH) generally measured less than 20 ppb in the biota 
from this study (Nulton et al ., 1980) . These levels of 
PAH's are higher than in other areas of the Gulf of 
Mexico, especially since aromatics were rarely found in 
biota of the BLM South Texas and MAFLA OCS Pro-
jects (Nulton et al ., 1980) . The present data showed that 
both alkyl and unsubstituted aromatics were present, in-
dicating petroleum and pyrogenic sources. Lower mo-
lecular weight aromatics (benzene, alkylbenzenes, and 
naphthalene) were also found, which suggests petro-
leum sources . 

Cimato (1980), examining a wide variety of 
benthic marine invertebrates exposed to various types of 
petroleum derived hydrocarbons, reported values of 
0.0001 to 230 ppm (wet weight) in "presumably contam-
inated" samples . For marine fish the values ranged 
from 4 to 860 ppm (wet weight) . Laboratory exposure 
produced wet weight concentrations of 0.96 to 2,840 
ppm for invertebrates and 7 to 622 ppm for fish . Natu-
ral wet weight tissue hydrocarbon levels reported by An-
derson, Clark, and Stegeman (1974) (in Cimato, 1980) 
were 0.1 to 57.0 ppm for invertebrates and 8 to 345 ppm 
for fish . Mironov (1971) (in National Academy of Sci-
ence (NAS) and National Academy of Engineering 
(NAE), 1972) found some copepods to be sensitive to a 
1-ppm suspension of fresh or weathered crude oil and of 
diesel oil . Mironov (1967) (in NAS and NAE, 1972) re-
ported 100% mortality of developing flounder spawn in 
three types of oil in concentrations ranging from 1 to 
100 ppm. He found increased abnormal development at 
longer periods of time in concentrations as low as 0.01 
ppm . Kuhnhold et al . (1978) found that direct exposure 
of Pseudopleuronectes americanus (winter flounder) 
eggs to 100-ppb water-accommodated No. 2 fuel oil re-
sulted in reduced viable hatch when the exposure dura-
tion included both fertilization and embryonic devel-
opment . Mironov (1968) (in Davis, 1972) reported that 
for developing eggs of Rhombus maeodcus (plaice) ex-
posed to 10 to 100 ppm concentrations of oils, from 40 
to 100% of the hatchlings degenerated and died . The 
above discussion indicates that low levels of hydrocar-
bon contamination can cause harmful effects on the 
benthos . The EPA (1976) stated that the levels of indi-
vidual petrochemicals in the water column should not 
exceed 0.01 of the lowest continuous flow 96-hr LCD 
for important marine species having a demonstrated 
susceptibility to oils and petrochemicals . 

Anderson, Riley, and Bean (1978) reported 
that factors apparently controlling the rate of recovery 
(recruitment) were total oil levels, percent of aromatics, 
and position on the tide level . About 11 months were re-
quired to reduce hydrocarbon concentrations in sedi-
ment from about I % (about 10,000 ppm) to back-
ground, and after 15 months the meiofauna were pre-
sent at "normal" population levels. Krebs and Bums 
(1977) (in Anderson et al ., 1978) found that recovery of 
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"normal" crab populations in the oiled marsh was not 
complete seven years after the spill occurred . Michael 
(1977) and Michael, Van Raalte, and Brown (1975) 
(both in Anderson et al ., 1978) reported that it took 
seven years for the benthic populations at West Fal-
mouth, Massachusetts, to recover . Linden, Elmgren, 
and Boehm (1979) found that even after one year there 
was no sign of recovery from the acute damage of the 
Tsesis oil spill, indicating that the deeper soft bottoms 
were more vulnerable to oil pollution than the other sys-
tems studied . Mann and Clark (1978) state that, in most 
cases, within 10 years of a single incident the community 
structure had returned to something approaching its 
normal state . 

In summary, ethane, propane, total unsaturated 
hydrocarbons, the contamination index, and T.O.C . 
were significantly correlated with several biotic varia-
bles identified in this project . Sediment T.O.C . averages 
from this study compared favorably to values measured 
elsewhere in the Gulf of Mexico (Gearing et al ., 1976; 
Parker et al ., 1979) . At five sites for this study, sediment 
hydrocarbons, measured by Nulton et al . (1980) were 
higher than hydrocarbon concentrations previously re-
ported to have an adverse effect upon the benthos . Ben-
thic populations may take as long as ten years to recover 
from hydrocarbon contamination (Mann and Clark, 
1978) . 

c . Trace Metal Variables 
Heavy metals are present in petroleum, for-

mation waters (oil field brines) and drilling fluids (Ci-
mato, 1980) . Nickel and vanadium are generally the 
most abundant trace metals in crude, but iron and zinc 
may also be abundant in some crudes . Filky and Shah 
(1971) (in Cimato, 1980) reported the following trace 
metal concentrations (fig/g) from Louisiana crude : van-
adium - 25, iron - <5, zinc - <0.0007, chromium - <0.1, 
and copper - <0.2 . Most organisms can concentrate 
trace metals by several orders of magnitude above con-
centrations found in their environment (Cimato, 1980) . 
Halstead (1972) reported the following concentration 
factors for various marine organisms : cadmium - 4,500, 
copper - 7,500, lead - 1,400, and zinc - 32,500 . These 
concentrations become toxic if they are ingested or 
taken up at sufficiently high levels for long enough peri-
ods . Based upon various toxicity data the toxicity rank-
ing of some trace metals is as follows (Waldichuk, 
1974) : copper>zinc>nickel>lead>cadmium>chromium 
>iron . 

McKee and Wolf (1963), Waldichuk (1974), 
and the EPA (1976) have compiled ecotoxicology data 
for each of the trace metals analyzed in this study . 
Halstead (1972) reported that cadmium was lethal to 
certain marine life at levels of 0.01 to 1 ppm and that 
chromium lethality may range from 18 to more than 200 
ppm (varying with the valency state) . Toxicity of lead 
for marine organisms appears to be in excess of 1 ppm 
for short term exposures for some organisms . 

Reported 48-hr LC50 values (ppm) for 
Crangon crangon (shrimp) were as follows : chromium -
100, copper - 10 to 33, iron - 33 to 100, nickel -100 to 
330, and zinc - 100 to 330 (Waldichuk, 1974) . Reish et 
al . (1974) found that 0.01 to 0.05 mg/P of copper and 
0.05 to 0.1 mg/P of zinc were sufficient to cause abnor-
mal larvae in second generation polychaetes . Reish et al . 
(1976) measured the 28-day LC50 values (mg/e) for 

Neanthes arenaceodentata and Capitella capitata, re-
spectively, as follows : copper - 0.25 and 0.2, zinc - 1 .4 
and 3 .5, chromium - 0.55 and 5.0, lead - 3 .2 and 6.8, 
and cadmium -3.0 and 7.5 . McLusky and Phillips (1975) 
found the 96-hr LC50 for copper's effect on the poly-
chaete Phyllodoce maculata to be 0.12 mg/f . Oshida et 
al . (1976), from Reish and Carr (1978), found a 96-hr 
LC50 of 2.2 to 4.3 mg/f of hexavalent chromium for N. 
arenaceodentata, with reproductive cessation at 0.1 
mg/E and reproductive suppression at 0.0125 mg/8 . 
Raymont and Shields (1964) (in EPA, 1976) reported 
chromium threshold toxicity levels of 5 mg/1 for 
Leander squilla (prawn) and 1 mg/2 for Nereis virens 
(polychaete) . Zinc concentrations up to 0.4 mg/P may be 
lethal to estuarine mollusc larvae with toxic levels for 
adult shellfish and fish at about 10 ppm (Portmann, 
1968, in Halstead, 1972) . 

Roberts and Maguire (1976) found that of the 
surface sand meiofauna, the harpacticoids, followed by 
the Turbellaria, showed the greatest sensitivity to lead at 
concentrations of 100jug/e . The remaining fauna, ar-
chiannelids, nematodes, and ostracods, showed no ap-
parent difference . However, sub-surface sand nema-
todes were more sensitive to the lead, despite the fact 
that there was probably a lower concentration of lead in 
the interstitial water from sub-surface sand than from 
surface sand . 

Waldichuk (1974) reported the following 48 
hr LC50 values (ppm) for various fish species : cadmium 
- Fundulus heteroclitus, 27.0; chromium - Agonus cat-
aphractus, 33-100 and Oncorhynchus kisutch, 17.8 ; 
copper - F. heteroclitus, 3.2 and Pleuronectes flesus, 
1 .0-3 .3 ; iron -Squalus sp ., 5 .0 ; lead - F. heteroclitus, 
188 ; nickel - Gasterasteus aculeatus, 0.8 ; and zinc -
Salmo gairdneri, 3.3 . The EPA (1976) set up the follow-
ing criteria for trace metal contamination in marine wa-
ters : cadmium -S .Opg/P, chromium 100pg/l, and zinc -
0.01 of the 96-hr LC50 as determined through bioassay 
using a sensitive resident species . 

In this project the number of meiofauna spe-
cies increased as chromium, copper, nickel, lead, and 
zinc decreased (Table 169) . Lead decreased as Theristus 
and Chromadoridae increased . Zinc and chromium de-
creased as Chromadoridae increased . Cadmium in-
creased as Terschellingia increased . None of the trace 
metal variables were significantly correlated with more 
than three meiofauna variables . 

Table 1'0 indicates that chromium and lead 
were directly correlated with number of macroinfauna 
species and Pielou and Heip evenness but inversely cor-
related with number of macroinfauna individuals . Lum-
brineris tennis, Tharyx marioni, and Nereis were inver-
sely correlated with one or more of the following trace 
metals : cadmium, chromium, copper, iron, nickel, lead, 
and zinc . Macroinf'auna Taxa Group Association No. 3 
was also inversely correlated with chromium and iron as 
was its member T. .marioni. 

Cadmium, copper, nickel, and/or zinc were 
directly correlated with macroepifauna and demersal 
fish diversity and Pielou evenness (Table 171) . Cad-
mium, copper, and nickel were inversely correlated with 
Penaeus aztecus but directly correlated with P . setife-
rus . Iron was directly correlated with Prionotus rubio 
and Halieutichthys aculeatus but inversely correlated 
with Menticirrhus americanus. Copper and nickel were 
inversely correlated with Micropogon undulatus and 
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Cynoscion arenarius. Macroepifauna and Demersal 
Fish Taxa Group Association No . 1 was not signifi-
cantly correlated with any trace metal variables . 

Tillery, Windom, and Thomas (1980) in the 
trace metals analyses for this study, found Sites P1, S6, 
S7, S11, 517, S18, and S19 probably affected by de-
creasing gradients in the relative concentrations of trace 
metals . These gradients were not explained by 
relationships between the trace metals and percent clay 
or percent iron . Strongest indications of trace metal 
contamination "due to production" were at platforms 
S7, 511, and 517 . At site S7, barium, chromium, cop-
per, lead, and zinc demonstrated a gradient with dis-
tance from the platform ; at the 100-m stations, ob-
served ratios for lead:iron and barium:iron were more 
than 100 . At 511, barium, cadmium, copper, lead, and 
zinc were cited as probable pollutants, with barium, 
copper, lead, and zinc concentrations relative to iron ex-
ceeding 100 at 100 m from the platform . At S17 the 
same five metals were pollutants of production, with 
barium, lead, and zinc ratios relative to iron in excess of 
100 at the 100-m station . Platform-related activities in-
dicated nickel, lead, and barium as pollutants at P1, 
chromium and nickel at S6, copper and zinc at 518, and 
zinc at 519. 

At Sites P2, P3, P4, S13, S14, 515, S16, and 
S20 trace metal gradients were observed in relative con-
centrations but a possible explanation unrelated to the 
platform existed (Tillery et al ., 1980) . No meaningful 
tendencies in trace metal gradients were observed at S5, 
S8, S9, 510, and 512 . 

Windom et al . (1980) found that no statistical 
relationship could be established between platform age, 
level of activity, or level or type of production and metal 
contamination . They proposed the following as sources 
of trace metals : 

" exhaust of internal combustion engines, 
" located on platform 
" boats 

" supply 
" service 
" pleasure 

" flaring of natural gas 
" petroleum seepages 
" airborne terrestrial sources 
" riverine inputs 
" sacrificial electrodes . 

Trefry and Presley (1976) (in Tillery et al ., 
1980) reported that cadmium and lead had increased on 
the Louisiana shelf due to the input from the Mississippi 

River, but found no increases in nickel, zinc, chromium, 
and copper . This could possibly explain the lead and 
cadmium concentrations at P1, S7, Sil, and 517 . Plat-
form-related concentrations of chromium, nickel, cop-
per, zinc, and barium in the sediments remain unex-
plained . However, the concentration gradients of lead 
and cadmium at the platforms suggest a platform-re-
lated source and are not due solely to the Mississippi 
River . Any masking effect by the Mississippi decreases 
with distance from the mouth. 

Examination of Table 172 indicates close 
similarity between mean trace metal concentrations of 
surficial sediments for this study (Tillery and Thomas, 
1980 ; Windom et al ., 1980) and values for the northwest 
Gulf of Mexico (Trefry and Presley, 1976), the Bucca-
neer Oil Field Project (Anderson Schwarzer, and 
Wheeler, 1981), and the BLM South Texas OCS Project 
(Berryhill et al ., 1979) . Trace metal concentrations at 
Weeks Island tended to be lower than at the other loca-
tions . 

In summary, chromium, lead, cadmium, 
copper, nickel, iron and zinc were found to be signifi-
cantly correlated with several biotic variables identified 
in this study . Windom et al . (1980) stated that there was 
no statistical relationship between platform age, level of 
activity, or level or type of production and sediment 
trace metal concentration . Sediment trace metal concen-
trations from this study were similar to other values re-
ported in the Gulf of Mexico . Average sediment trace 
metal concentrations listed in Table 172 for chromium, 
copper, lead, and zinc in this study are above those va-
lues previously reported to cause adverse effects in some 
benthic organisms . 

d. Drilling Fluids and Drill Cuttings 
A drilling fluid is a thixotropic colloidal sus-

pension with barite (barium sulfate) added to increase 
density, bentonite to increase viscosity, and other com-
ponents to control other mud properties (Gettleson, 
1980; Gray, Darley, and Rogers, 1980 ; Perricone, 
1980) . Drilling fluids are used in various ways in rotary 
drilling : to cool ; to provide lubrication for the drilling 
bit and drill pipe ; to remove formation cuttings from 
the hole ; to insure controlled and efficient drilling 
through maintenance of well pressures and well prop-
erties of the borehole ; to permit logging and geological 
evaluations; and to minimize corrosion . Drilling fluids 
may be of three types ; water, oil, or gas or a combina-
tion thereof (Gray et al ., 1980 ; McGlothlin, 1980 ; Mc-
Mordie, 1980) . There are at present 1,594 drilling fluid 
products which perform 16 different functions ; these 

TABLE 172. Comparison of mean trace metal concentrations (fig/g dry wt) in surficial sediments with other Gulf of 
Mexico studies (from Tillery and Thomas, 1980; Windom et al ., 1980; and Anderson, Schwarzer, and Whaler, 1981) 

Mean Trace M eal Cone entntiom Wit d wt 
Locality fiadVgL Cadmitun Chromium Copper Iron Nickel V 

Offshore Louisiana 
_ _ 

(prams study ua) TillM red Thomas 
Mean 77 0.70 8.9 11 0.69 10 .2 1t .6 H 9.1 (190) 

"a x1313 0.011.92 2.3-19.0 113 .13-2.00 7.9-17.2 OIM 11-193 PN T Md.(19~0 
weu c7Wr or Nor 

Mexico Trcfry and Prpky 
Mean N.A .' 0.3 N.A . 11 .1 2.18 u.6 16 .3 73.1 N.A . (1976) 

0.034.'!0 2.421 .! .33-3.N 3.1-3t.6 t.9-N.1 19.617I.I 
OftYae Tilkry(19'79) 
Works Island 
Me" 37 0.03 3.09 3.0 0A3 6.2 3.7 22 N.A . 

OftJoreTw,~ Anderson . ScAaum. 
Bucuoev Oil Field and W6eder (191) 

Platforms 403 1 .1 13 .3 4.3 0.69 14 .7 10.4 29.6 N.A . 
131 0.6 9.7 4.7 0.13 17 .3 9.4 29.0 N.A . 

()= 
South oulh Taxes 

~ ~ 
9enYhill et ~1 . . (1979) 

16l 0.1 21 .3 7.4 3.31 20.2 9.0 28.8 N.A. 
~N.A.~sot~ rnl sot delumisM . 
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are produced by 87 different companies (Leonard, 
1980). 

The environmental effects of drilling fluids 
and cuttings have been examined by the EPA (1975); 
McAuliffe and Palmer (1976) ; Monaghan, McAuliffe, 
and Weiss (1976) ; Ray, 1978 ; American Petroleum In-
stitute (1980a,6) ; and Cimato (1980) . Drilling fluids im-
pact the environment in the following ways (George, 
1975) : 

they cause "burial effect" on the sea-floor 
benthos 
drilling fluid components may possibly 
accumulate or magnify in the food chain 
turbidity plumes of drilling fluids have an 
effect on the filter-feeding fouling 
organisms . 

Ray and Shinn (1975) determined theoreti-
cally that for a current of 0.5 ft/sec and a discharge rate 
of 40 and 250 barrels per hour, dilutions of 1,000:1 
would be expected at approximately 1,000 and 10,000 
feet. This dilution not only reduces turbidity but also di-
lutes any toxicants within the drilling fluid . The finer 
materials are driven away by the current and the larger 
hole cuttings form a pile under the platform . In areas of 
low current speed, such as the Gulf of Mexico, piles up 
to 30 m in diameter and 1 m in height have formed from 
surface discharges (Zingula, 1975 ; Zingula and Larsen, 
1977 ; Gettleson, 1980) . When cuttings are shunted to 
within 10 m of the bottom, the pile height is 2 to 3 m, 
but its radius is only 9 to 11 m (Continental Shelf Asso-
ciates, 1975 ; Miller, 1976) . Tropical cyclones and natu-
ral weathering, through settling, compaction, and cur-
rent dispersion, combine to scatter this accumulation, 
so that the sediment underneath the platform appears to 
be similar to the surrounding environment within a very 
short time (Gettleson, 1980) . Thus, any "burial effect" 
is localized, probably to within 300 m of the platform, 
and the fauna probably recovers soon after disposal of 
drilling fluids ceases (Shinn, 1974 ; George, 1975 ; Zing-
ula, 1975 ; Gray et al ., 1980) . 

Zingula (1975), Zingula and Larsen (1977), 
and Gettleson (1980) have discussed the effect of accu-
mulation of drill cuttings on the benthos . Rapid accu-
mulation probably smothers the less mobile benthic or-
ganisms, with the extent of the effect depending on the 
mobility and size of the organism relative to the depth 
of accumulation . Examinations of piles of cuttings have 
shown them to be relatively nontoxic as the piles are 
quickly colonized by a variety of organisms (George, 
1975 ; Zingula, 1975 ; Zingula and Larsen, 1977) . Many 
of these organisms are capable of living only on hard 
substrates and therefore may be new . 

Gettleson (1980) reported that benthic sam-
ples collected before drilling operations in the MAFLA 
OCS contained a significantly greater number of meio-
fauna individuals than samples collected during and 
after drilling . Greatest decreases in number of individu-
als were noted at 100 m from the platform, but reduced 
populations extended to 1,000 meters . There was partial 
recovery of the populations three months after drilling 
was completed. Holland (1977) in the BLM South Texas 

OCS found a decrease in the number of species and indi-
viduals between pre- and post-drilling samples taken at 
the actual drill site, but found no noticeable changes in 
the populations at distances of 100 m and greater . 
Dames and Moore (1978) (in Gettleson, 1980) reported 
that in lower Cook Inlet, drilling operations had no 
major effect on the anfauna at distances of 100 and 200 
m from the drillsite . 

Tagatz and Tobia (1978) and Tagatz et al. 
(1978) studied the effect of barite and a lignosulfonate 
drilling mud on the colonization and development of es-
tuarine benthic communities . Total numbers of animals 
and species were significantly less in a 0.5-cm cover of 
barite than in the control or the 1 :10 barite mixture . 
Number of individuals also differed in the 1 :3 barite 
mixture when compared to the control but the number 
of species was not significantly different . Total numbers 
of individuals and the mean number of species per 
aquarium were significantly less in the aquaria with the 
drilling mud cover than in the aquaria with sand only . 
Numbers of individuals were also significantly less in 
mixtures of drilling mud and sand than in controls 
though the total number of species did not differ . Anne-
lids were found to be the taxon most affected by the bar-
ite and drilling mud. 

Menzie, Maurer, and Leathem (1980) 
studied the effects of drilling discharges on the mega-
benthos and macrobenthos in the shelf break region off 
Atlantic City, New Jersey . Visible accumulations of 
drilling discharges covered a region approximately 150 
m in diameter around the well site, and there was burial 
of immobile or sessile benthos in the immediate vicinity 
of the well . However, there was a markedly increased 
micro-relief which afforded more microhabitats and 
may explain the patches of high macrobenthic density at 
and around the well site . Beyond the immediate vicinity 
of the well site, there was a reduction in abundance of 
macrobenthos which appeared to be related to increased 
clay content of the sediments . There was a significant 
negative correlation between abundance of annelids, 
molluscs, and crustaceans located beyond the 
immediate vicinity of the well site and the amount of 
clay found during the post-drilling survey (Menzie et al ., 
1980) . 

Perry (1979) found the lowest biomass and 
lowest species diversity among demersal fish at an off-
shore production site. He attributed this to being 
"symptomatic of an adverse effect caused by the dis-
charge of drilling mud solutions which form a hard 
crust on the bottom to the detriment of the infauna . . . ." 
Strong currents, frequent storms, and in some cases 
rapid sedimentation should remove or cover the drilling 
muds and the fauna should be able to reestablish them-
selves . 

Barium from barium sulfate and chromium 
from chromium lignosulfonates or sodium chromate are 
the two trace metals most commonly found in drilling 
fluids (Montalvo and McKown, 1975 ; Chow, 1976; 
Chow et al ., 1978 ; Newbury, 1979; Chow and Snyder, 
1980) . Other metals such as iron, lead, zinc, cadmium, 
nickel, and copper may also occur with the barite 
(Kramer, Grundy, and Hammer, 1980) . 

In a benthic study of barium levels in the 
vicinity of six drill sites in the Gulf of Mexico, Gettleson 
and Laird (1980) found detectable quantities as far as 
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1,000 m from both shunted and unshunted wells . At one 
site, at distances of 100, 300, 500, and 1,000 meters, 
mean barium concentrations of 2,924 ; 1,953 ; 1,750 ; and 
989 mg/kg, respectively, were measured after drilling . 
Pro-drilling values ranged from 12 to 1,514 mg/kg . 
Cimato (1980) reported that during and after drilling 
operations near the East Flower Garden Bank, offshore 
Galveston, Texas, barium increased from 22 to 425 
ppm, iron increased from 8.5 to 13,000 ppm, and lead 
increased from 4.6 to 12.7 ppm at the drill site . Near the 
West Flower Garden Bank, pre-drilling barium concen-
trations within 300 m of the drill site ranged from less 
than SO to 1,300 ppm; post-drilling levels ranged from 
4.6 to 7,800 ppm . 

Near Baker Bank, offshore Texas, drilling 
fluids were disposed of at the sea surface . Pre-drilling 
barium levels ranged from 344 to 419 ppm (Cimato, 
1980) . Post-drilling levels were as high as 1,618 ppm at 
500 m from the drill site and 678 ppm at 1,000 m 
(Continental Shelf Associates, 1976) (in Cimato, 1980) . 
Near Stetson Bank, offshore Texas, pre-drilling barium 
concentrations ranged from 609 to 658 ppm and post-
drilling concentrations from 803 to 2,763 ppm. 

Toxicity and environmental properties of 
drilling fluid compounds have been studied or reviewed 
by Falk and Lawrence (1973); Land (1974) ; Chesser and 
McKenzie (1975) ; Hollingsworth and Lockhart (1975) ; 
Weir and Moore (1975) ; Zitko (1975) ; Cimato (1980) ; 
Gerber et al . (1980) ; Gettleson (1980); and Neff et al . 
(1980) . Tests on the effects of various whole drilling 
muds on selected invertebrates and fish gave 96-hr LCD 
values ranging from 1,000 to 2,000 ppm to 680,000 ppm 
(Falk and Lawrence, 1973 ; Cimato, 1980) . Barite was 
found to have a 96-hr LCso value of 216 ppm for the 
American oyster, Crassostrea virginica (Daugherty, 
1957) . Grantham and Sloan (1975) reported a %-hr 
LCso value of 100,000 ppm for the sailfin molly, Mollie-
nisias ladpinna. Falk and Lawrence (1973) reported a 
96-hr LCso value of 7,500 ppm for the rainbow trout, 
Salmo gairdneri. 

In this study, benthic samples were taken 
no nearer than 500 m from a platform . The above litera-
ture indicates that there should have been no burial ef-
fect from the drill cuttings or drilling fluids at that dis-
tance . Tillery and Thomas (1980) and Tillery et al . 
(1980) reported average barium and chromium concen-
trations of 77 and 8.9 mg/g dry weight in offshore Loui-
siana sediments (see Table 173) . Barium occurred in av-
erage concentrations of 100 mg/g dry weight at 100 m, 
60 to 65 at 500, 1000, and 2000 m. Chromium concen-
trations remained very similar at each of the stations 
and did not show a pronounced gradient with distance . 
These barium levels were lower but similar to pre-dril-
ling levels at sites near the East and West Flower Garden 
Banks, Baker Bank, and Stetson Bank (Cimato, 1980) . 
In this study, barium was not found to be significantly 
correlated with any biotic variable for more than one 
cruise. Chromium was correlated with Chromadoridae 
(Table 170) Tharyx marioni, Nereis, and Macroinfauna 
Taxa Group Association No. 1 (Table 171) . These sig-
nificant correlations with chromium may point to possi-
ble build-up caused by chromium treated lignosulfo-
hates. However, Page et al . (1980) states that toxic ef-
fects due to chromium arising from the release of used 
drilling muds may be mitigated by the decreased bioa-
vailability of the form in which chromium is found 

in this material . Therefore, any contamination from 
drilling fluids is probably contained within 500 m of the 
platform . Gettleson (1980) reported that drilling fluid 
effects are usually restricted to within 1,000 m of the 
platform . 

Barite and other suspended components of 
the drilling mud affect the environment physically 
through turbidity plumes (Zitko, 1975) . In general, 
background levels of suspended solids in sea water are 
reached within 200 m of the discharge source when the 
discharge rate is 10 barrels/hr and within 1,000 m of the 
source when the discharge rate is 750 barrels/hr (Ci-
mato, 1980) . McKee and Wolf (1963), Kemp et al . 
(1971), and EPA (1976) discussed the toxic effects of 
suspended solids. The NAS and NAE (1972) recom-
mended that the depth of light penetration not be re-
duced by more than 10% to avoid stress to the environ-
ment . Zitko (1975) states that a concentration of up to 
500 mg/1 may be encountered in river runoffs, but nor-
mally the levels are approximately 30 mg/1 . The average 
Mississippi River discharge is about 1 million tons per 
day (Monaghan et al ., 1976) . A well drilled in the Gulf 
of Mexico might reach 20,000 ft in 150 days and would 
produce about 18,500 cu ft or almost 1,500 tons of cut-
tings over the period of drilling, or about 10 tons/day 
average . Thus, the effects of turbidity from the drilling 
fluids are local and overshadowed by the effects of the 
Mississippi River . 

In summary, based upon the literature, 
there should have been no burial effect from the drill 
cuttings or drilling fluids at the station closest to the 
platform (S00 m) . Only chromium was found to be cor-
related with several biotic variables, indicating a possi-
ble buildup due to chromium-treated lignosulfonates. 
However, the chromium probably remains bound and is 
not available for uptake by the organisms. Gettleson 
(1980) reported that drilling fluid effects are primarily 
restricted to within 1,000 m of the platform ; they did 
not appear to directly affect the benthos sampled in this 
study. 

e. Summary of Effects from Platform Related 
Variables 
The exhaustive statistical analysis of a large 

number of biotic and abiocic factors determined in this 
program has shown numerous apparent correlations be-
tween faunal characteristics and single abiotic parame-
ters. For example, Tables 169, 170 and 171 show several 
instances of particular indicator organisms or taxa 
groups being either positively or negatively correlated 
with individual trace metals . This may indicate a cause 
and effect relationship when evaluated from a narrow 
perspective . These relatively few and unconnected 
relationships, however, are insignificant when the over-
all trend of influence from the physical environment on 
populations is realized . The most significant set of fac-
tors influencing the fauna of the benthos were distance 
from shore, depth, salinity, sediment characteristics, 
D.O . and distance from the Mississippi River . Taken to-
gether these parameters may be subjectively described as 
indicating changes in populations with the lessening of 
terrestrial influences as sampling proceeded seaward 
and away from the mouth of the Mississippi . 

Several important examples of overall biotic/ 
abiotic interactions found in data analysis are 
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reiterated here for clarity . Several hydrocarbons param-
eters and T.O.C . were significantly correlated with seve-
ral biotic factors and the sediment hydrocarbons at five 
sites were higher than levels previously reported to cause 
adverse effect on the benthos ; however, this study did 
not show those five sites or other sampling areas to be 
significantly different, due to hydrocarbon effects, 
from similar sites . Similarly, several trace metals were 
shown to be correlated with biotic variables and abso-
lute levels in sediments and some platforms were higher 
than have been cited as causing adverse effects ; but this 
study did not show any cause and effect relationship 
from trace metals on the benthos at the S00-m sampling 
sites or beyond, indicative of the regional assessment 
which this program was designed to do . Finally, the dril-
ling fluid effects are apparently confined to within 500 
m of the platforms and did not affect the benthos sam-
pled in this study . 

2. Natural Environmental Perturbations 

a . Catastrophic Mortalities 
As described above, the Louisiana continen-

tal shelf is regularly subjected to two natural environ-
mental perturbations : tropical cyclones and anoxic to 
hypoxic bottom conditions . Tropical cyclones of vary-
ing intensities directly hit the Louisiana coast once every 
four years (average) . Each year the effects of one or 
more cyclones can be felt on the Louisiana shelf . Every 
three to four (average 3 .6) years the Mississippi River 
floods its banks or natural levees and empties into the 
Gulf of Mexico huge quantities of fresh water, silt, or-
ganic matter, and various man-made pollutants . The 
huge quantities of silt and organic matter, combined 
with stratification, produce anoxic to hypoxic bottom 
conditions . It may take over two years for an area to re-
turn to normal after a tropical cyclone and at least one 
year for the area to recover from hypoxic bottom condi-
tions . Because of the time period necessary for recovery 
and the periodic nature of "normal" perturbations on 
the Louisiana continental shelf, the benthic fauna prob-
ably remains stressed as compared with a similar fauna 
offshore Texas . 

b. Indicator Organisms 

(1) Opportunistic Species-Gaufin and Tarz-
well (1952) and Wass (1967) defined certain criteria to 
be used in identifying possible indicators of pollution : 

" high biotic potential 
" small size 
" few species in the fauna 
" primarily scavenger feeding type 
" toleration for low D.O . or some adapta-

tion to a low D.O . environment . 

Use of community structure to assess 
pollution is conditioned by these four assumptions 
(Cairns, 1974) : 

" natural systems, given the opportunity, 
will evolve toward greater and greater 
complexity of species 

thus, the number of cause-effect 
pathways for energy and nutrient trans-
location increase, with increasing func-
tional complexity of the system 
highly diverse communities are more 
stable than simple communities 
pollutional stress will simplify a complex 
community by eliminating the more sen-
sitive species and will also increase the 
disproportion in numbers of individuals 
per species . 

Benthic species and communities have 
often been regarded as the best indicators of organic 
pollution because of the following (Reish, 1957, 1972, 
1973 ; Wass, 1967): 

" constant presence, reflecting water con-
ditions at the time of collection and for 
some time previously 

" relatively long lives 
" sedentary habits 
" differing tolerances to stress . 

Species that can rapidly respond to open 
or "unexploited" habitats have been called opportunis-
tic, fugitive, colonizing, weedy, or r-selected (Grassle 
and Grassle, 1974) . Characteristics are : 

" lack of equilibrium population size 
" density-independent mortality 
" ability to increase rapidly or high r 
" high birth rate 
" poor competitive ability 
" high dispersal ability 
" large proportion of resources devoted to 

reproduction . 

None of the above characteristics alone adequately de-
fines an opportunistic species (Grassle and Grassle, 
1974) . Thus, what have in the past been considered indi-
cator organisms are now considered opportunistic spe-
cies . 

Opportunistic species may be found 
among the meiofauna and macroinfauna, as well as 
among macroepifauna and demersal fish . Among the 
meiofauna, nematodes certainly may indicate areas of 
stress (Wass, 1967) . Bandy, Ingle, and Resig (1965) ex-
amined the Foraminifera population in the Hyperion 
outfall area off Los Angeles where forams were 10 to 20 
times more abundant than in unaffected areas . Sen 
Gupta (1979), as a result of the BLM South Atlantic 
OCS Project in the Georgia Bight, recommended Boli-
vina lowmani and Ammonia beccarii, both found in this 
project, as particularly suitable for monitoring the state 
of the benthic environment . However, taxonomic prob-
lems of the meiofauna must be reduced further before 
they can be more seriously considered as indicators 
(Coull, 1979 ; Dames and Moore, 1979) . 

Certain species of the Sedentaria Poly-
chaeta of the families Capitellidae and Spionidae and a 
few other polychaetes have been considered as indica-
tors or opportunistic species . The most well-known and 
probably the most opportunistic species, which is also a 
cosmopolitan indicator of unpredictability, is Capitella 
capitata (Reish, 1959 ; Grassle and Grassle, 1974, 1977 ; 
Warren, 1977) . Capitella capitata probably adapts to a 

185 



continuous disturbance and not to low oxygen tolerance 
(Gray, 1980) . 

Other reported opportunists, some of 
which have been found in this project, are listed in 
Table 173 . Forty-eight different species have been 
identified by previous workers as indicating polluted or 
semi-polluted conditions . Many of these species tend to 
be either cosmopolitan or ubiquitous on a smaller scale . 
Other species of these same genera may be opportunistic 
but to a varying degree . Virnstein (1979) reported seve-
ral of these species to be largely controlled by predators 
and not be competitors . 

Grassle and Grassle (1974) state and 
show proof that less predictable environments should 
contain more opportunistic species than more predicta-
ble environments . Certainly, based solely upon the peri-
odic flooding of the Mississippi River and the regularity 
of tropical cyclones, the Louisiana continental shelf 
should be considered an unpredictable environment and 
should support a large opportunistic fauna . Sixteen 
known opportunistic or indicator species were collected 
in this study (Table 173) . Other possible opportunists 
may be other species of those genera listed . Many more 
species tend to exhibit the characteristics of opportu-
nism and therefore could be considered as opportunists, 
but vary in degree of opportunism . This clearly indi-
cates that the Louisiana continental shelf is a highly dis-
turbed, stressed, and very unpredictable environment . 

(2) Future Environmental Monitoring- It 
has been fashionable to make judgements on the condi-
tion of the environment through the use of rather lim-
ited information, i .e ., biological indicators (Oglesby, 
1967) . Determining the significance of the absence of a 
species is considerably more difficult (Cairns, 1974) . A 
species may not be present because : 

unsuitable environmental conditions 
exist 
no opportunity exists for the species to 
get into the area, but it might survive if 
introduced 
another species has assumed the func-
tional role . 

Absence of a species is less useful than its presence 
(Cairns, 1974) . The patchy nature of most benthos often 
poses a problem in actual organism collection unless 
many samples are collected (Callahan and Palmer, 
1978) . It is also difficult to determine if density changes 
are due to natural variations in the population or to the 
effects of a pollutant (Walker, Saila, and Anderson, 
1979) . Density changes can be related to a detailed 
knowledge of life history, age or stage-specific fecundity 
and mortality, and survival strategies of species under 
consideration . The absence of an entire group of species 
with similar requirements provides more assurance that 
the group has been excluded rather than failing to be 
present through lack of opportunities or because of 
sampling problems . 

Thus, future monitoring of the study 
area should include collections of meiofauna, macroin-
fauna, and macroepifauna and demersal fish since all 
three groups are closely interrelated . Then the presence 
or absence of certain groups of species may indicate that 
the system has been disrupted . 

TABLE 173 . List of reported opportunistic or pollution 
indicator organisms 

Taxal Referencesz 
Foraminifera a, g 
'Ammonia beccarii (F) b 
'Nematoda g 
'Spionidae (P) g 
Polydora ciliata (P) g 
Polydora cirrosa (P) g 
'Polydora ligni (P) c, g 
Polydora nuchalis (P) g 
Polydora paucibranchiata (P) g 

"Polydora sociabilis (P) g 
Polydora we6steri (P) g 
"Paraprionospio pinnata (P) h 
Streblospio benedicti (P) c, d, g, h, i 
Scolelepis fuliginosa (P) e 
Capitellidae (P) g 
'Capitella capita [a (P) c, d, e, f, g, i 
Heteromastus filiformis (P) g, h 
Mediomas[us ambiseta (P) c 
Syllides verrilli (P) c 
"Pecrinaria (Cistenides) gouldii (P) g 
'Spiochaetopterus occulatus(P) g 
'Glycera sp . (P) c 
'Glycinde soGtaria (P) h 
"Nereis succinea (P) c, d, g, h 
Neanthes arenaceodentata (P) e, f 
Dorvillea articulata e, f 
(Stauronereis rudolphi) (P) 

"Pista cristata (P) g 
Pseudeurythoesp . (P) h 
Nassarius vibex (G) g 
Acteocina canalicu/ata (G) h 
'Mulinia lateralis (B) h, i 
Tagelus devisus (B) g 
Laevicardium mortoni (B) g 
Modiolus demissus (B) g 
Mytilus edulis (B) g 
Macoma inconspicua (B) d 
Mya arenaria (B) d 
Neomysis americana (M) h 
Leucon americanus (C) h 
'Corophium acherusicum (A) g 
Corophium insidiosum (A) g 
Corophium lacustre (A) g 
Jassa falcata (A) g 
"Ericthonius brasiliensis (A) g 
Rhithropanopeus harrisii (D) g 
'Phoronis sp . (Ph) h 
"Ampelisca abdita (A) i 
'Owenia fusiformis (P) i 
" denotes those taxa found in this study . 
(F) denotes Foraminifera 
(P) denotes Polychaeta 
(G) denotes Gastropods 
(B) denotes Bivalvia 
(M) denotes Mysidacea 
(C) denotes Cumacea 
(A) denotes Amphipoda 
(D) denotes Decapoda 
(Ph) denotes Phoronida 
zReferences : 
a - Bandy et al . (1965) 
b - Dames and Moore (1979) 
c - Grassle and Grassle ( 1974) 
d - Reish(1957) 
e - Reish(1972) 
f - Reish (1973) 
g - Wass(1%7) 
h - Boesch et al . (1976) 
i - McCall(1978) 
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Biological indicators have been used for 
different purposes, e.g ., "detection of pollution" and 
"estimation of overall effects on the community" (Og-
lesby, 1967) . However, there is little data supporting the 
indicator assessment of pollution and the results are dif-
ficult if not impossible to quantify (Cairns, 1974) . 

Future environmental monitoring should 
consider the use of biological monitors at selected petro-
leum production platform sites to determine local envi-
ronmental impact . Cairns and van der Schalie (1980) de-
scribe in detail the principles and methods necessary to 
implement a successful biological monitoring program . 
DiSalvo, Guard, and Hunter (1975) found mussels to be 
a potential monitor of environmental hydrocarbon in-
sult . Certain organisms, e.g . oysters, can be used as in-
dicators by placing them in cages at strategic locations 
(Wass, 1967) . 

Criteria such as behavioral responses or ac-
tivity, i .e ., mass die-offs and physical conditions of cer-
tain macroinvertebrates and fishes, may also indicate 
environmental disturbance (Wass, 1967) . Oglesby 
(1967) stated that more recently measurements of com-
munity metabolism have been used as a means of detect-
ing pollution . Condition of the organism can be checked 
by underwater weighing, checking, pumping . rates, out-
put of feces and pseudofeces, and sacrifice of some or-
ganisms to obtain a condition index of the meat (Wars, 
1%7). _ 

Therefore, future, monitoring must, include 
sampling the entire community (Simon and Dauer, ; 
1977) . The basic,environmeptsl - cycle of : the Greg must 
also be defined to better understand changes in commu-: 
nity structure (Glover, 1979): investigative procedures 
which are used should be evaluated in terms of effort re-
quired-to quantitadvely :e5timate effectsof specific magr+ 
nitudes (Vapderhorst et al'. 1978)-. As true indications 
of perturbation are detected, additional measurements, 
must, be .made to positively identify-the-cause of the 
perturbation . 

3. Health of, the Benthic Populations on the Louisi- 
ana Continental S4elf - . . 
The capacity of a system to resist shock load ngs 

of contaminants without significant d4;nage is~a func-
tion of complex, environmental factors (Cairns, Dick, 
son, and Crossman, 1970 . Physicai ..factors in a lade, ; 
streams estuary; ,or .the open ocean, such as "flow veloc-
ity, volume of water, bottom contour, rate of water ex, 
change, currents, depth, light penetration, temperature, 
etc ., as well as the biological factors, govern in part the 
ability of a system to receive and assimilate waste or 
spills of hazardous materials." It is common for areas 
subjected to chronic pollution, whether industrial, do-
mestic, or natural (freshwater runoff, organics and silt 
from a river, etc .), to support a less diverse population 
than similar unpolluted sites, although the density of the 
few resistant species may be very large (Nelson-Smith, 
1970) . A catastrophic pollution incident results in a sim-
ilar selection of resistant species, but the system has no 
time in which to reach a new balance . 

The Louisiana continental shelf benthos has in-
deed been stressed by natural environmental perturba-
tions for many years . Tropical cyclones have been oc-
curring for eons and flooding by the Mississippi River 
has been affecting the shelf since at least 1885 (Gunter, 
1952) . The work of Nulton et al . (1980), Tillery et al . 

(1980), and Tillery and Thomas (1980) indicates that the 
study area suffers from sub-lethal chronic exposure to 
hydrocarbons and trace metals . Some effects of drill 
cuttings and drilling fluids have been felt since the 
1950's (Sharp and Appan, 1978) . Some of the contami-
nation has its input from the Mississippi River, but 
some of the contamination appears to be platform de-
rived . Brooks, Bernard, and Sackett (1977) determined, 
after six years of work, that offshore petroleum opera-
tions were contaminating most of the Gulf of Mexico 
coastal waters with low-molecular-weight hydrocar-
bons . The primary input from petroleum operations 
offshore Louisiana was the underwater venting of gases, 
which was three orders of magnitude higher than the 
input from brine discharges . The brines now being dis-
charged into the Gulf of Mexico are major contributors 
of aromatics such as benzene and toluene . It may take 
up to 10 years for populations to recover from hydro-
carbon contamination (Mann and Clark, 1978) . 

In this study, average total organic carbon con-
tent tended to be higher at the Controls than at the Pri- . 
mary Sites . Average total, saturated, and unsaturated 
hydrocarbons, as well as the hydrocarbon contami-
nation index tended to be higher at the Controls than at 
Primary Sites. Average trace metal concentrations 
tended to be the same Qr, higher,at Control Sites than at 
Primary Sites . : Higher concentrations of hydrocarbons , 
and trace metals at-the Controls are probably the resuk : 
of only one station being sampled at the Controls as,op-, 
posed toll 6 stations at;the Primary Sites . 

GettleWn,(1980) stated -that- over . 20,000 wells 
have been drilled in the Gulf of Mexico . It it is assumed 
that the :maximum aiean,area;af.£ected by a drilling oper-
ation is 3 .14 km3-(l,OUQ.-in~.cadius), which takes into ac-
count the areas of effect for hydrocubons, .trace metals, 
drill cuttings, and drilling fluids, then a possible 62,800 
km2 or 20% of -the U .S . continental shelf in the Gulf of 
Mexico has been, directly influenced by drilling opera- . 
tions (Gettleson, 19$0) . The area affected by drilling ac-, : 
tivities is probably much smaller since a number of wells 
are usually drilled from a platform . 

The number of indicator organisms collected in 
this study indicates a highly disturbed and very, unpre-
dictable environment, which results, in a stressed com-
munity structure . Cairns et al . (1972) found that the 
number of component species in the energy-system re-
mained remarkably constant from one river basin to the 
next, and at various points within a:basin as well, . de-
spite the fact that the types of species which comprise 
the system may differ at various sampling points . 
Straughan (1977) stated that marine invertebrates can 
live and breed in areas, namely Coal Oil Point, where 
chronic exposure to petroleum is higher than that re-
corded in oil producing areas in the Santa Barbara 
Channel . Spies, Davis, and Stuermer (1978) found a di-
verse Nothria-Telling assemblage in sediments with 
3,300 to 10,200 ppro of crude oil at the IslaVista seep, 
Coal Oil Point area. The faunas at both the seep area 
and a nearby non-seepage area were similar, except for 
the high abundance of oligochaetes in the seep sedi-
ments . Several measures of community structure indi-
cated relatively less community stability at the seep sta-
tion . 

The Louisiana shelf benthos has maintained a 
community structure similar to that offshore Texas ; but 
as Spies et al . (1978) found in southern California, the 
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community stability may be somewhat precarious and 
highly susceptible to perturbations of whatever nature . 
Unfortunately this study was designed prior to a general 
knowledge of the chronically stressed condition of the 
Louisiana OCS. As a consequence, the sampling design 
did not incorporate enough Control Sites and sampling 
redundancies to differentiate and quantitate the very 
large area of riverine effect, the cyclonic storm results 
and oil production activities . 

As stated above, meiofaunal species diversity 
was higher at the Primary Sites than at the Controls dur-
ing Cruises I and II and the reverse was we during 
Cruise III . Species diversity for macroinfauna and mac-
roepifauna and demersal fish was higher at the Primary 
Sites than at the Control Sites during all cruises . These 
higher values at the Primary Platforms may reflect sam-
ple replication since only one station was occupied at the 
Controls while eight stations were sampled at each Pri-
mary Site . There may also be more microhabitats at the 
Primary Sites because of the production activity . Taxa 
Group Associations were identified at both Primary and 
Control Sites . 

D. Problems Encountered in Sampling 
Cruise I-All samples for Benthic Biology were col-

lected during Cruise I. However, a problem was encoun-
tered with the meiofauna cores collected at P3 NS00. 
The individual taking the cores was rushed at that mo-
ment and forgot to collect meiofauna cores from Grabs 
1 and 2. By Grab 3 the mistake was noted. The Benthic 
Biology Principal Investigator was present and made the 
decision to collect cores 1 through 4 from Grab 3. All 
previous cores from Grabs 1 and 2 would have had to be 
repeated, and this would have caused problems in con-
tainer availability and contamination. 

Cruise II-As a result of very rough seas during 
Cruise II-A, the following samples for sediment texture, 
meiofauna, and macroinfauna analysis were lost over-
board : 

Sediment Texture 
P3 N2000 i17 
P3 S2000 1!S 
SS N1000 ill 
S7 N100 #4 
Meiofauna 
P3 E500 1t3.D, 4.E 
P3 52000 #1.A, 1 .B, 3.D, 4.E 

P3 WS00 #I .B, 3.1) 
Macroinfauna 
P3 SS00 k3, 6 
P3 52000 #5, 6, 10 

Later, in conversations with the Project Leader and 
Dr . Richard E . Defenbaugh (BLM-COAR), it was de-
cided to reoccupy the following stations during Cruise 
II-C and collect the indicated grabs for sediment texture 
and meiofauna and macrofauna analysis : 

P3 N2000 117 
P3 E500 # 1 to 10 
P3 S500 #1 to 10 
P3 S2000 ai1 to 10 

Where duplicate samples occurred, those collected 
during Cruise II-C were processed . However, duplicate 
samples for macroinfauna collected on Cruise II-A were 
processed and the data are available for interested per-
sons . 

E. Recommendations for Further Studies 
Future monitoring studies in the area should have 

clear and well-defined objectives (Sharma, 1973). These 
objectives should be addressed through the use of statis-
tical procedures to determine sampling locations and 
number of samples needed to detect a change (Dickson, 
Cairns, and Livingston, 1978). Multivariate statistical 
procedures should be utilized where possible in analyz-
ing the data following recommended procedures of 
Dickson et al . (1978) . 

Over the years certain measurements, e.g . tempera-
ture, salinity, and D.O ., have characteristically been 
made. These measurements are relatively simple to 
make now and continue to be made even though these 
parameters may not be significantly related to popula-
tion changes (Jumars and Fauchald, 1977) . Some pa-
rameters that are more difficult to measure, but that 
should be measured because they more readily affect the 
organisms, are bottom currents (Kornicker, 1958), 
amount of sediment resuspension and deposition (Ju-
mars and Fauchald, 1977), sediment permeability or co-
hesiveness (Stanton and Evans, 1972), individual species 
foraging areas (Jumars and Fauchald, 1977), local 
fluxes of foods (Jumars and Fauchaid, 1977), amount 
of interstitial D.O., depth of redox discontinuity, and 
sediment pH. 
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V. CONCLUSIONS 

The benthic fauna of the Louisiana continental shelf 
is stressed, as indicated by the large number of opportu-
nistic species and the pronounced dominance of some 
taxa. Natural environmental perturbations, namely 
tropical cyclones and flooding by the Mississippi River, 
contribute to this stress . Approximately once every four 
years, a tropical cyclone directly hits the coast of Louisi-
ana . Annually, the effects of one or more cyclones can 
be felt on the shelf . Every 3 .6 years the Mississippi River 
floods its banks or natural levees . The offshore effects 
of leveeing of the Mississippi were probably first noticed 
in 1885 and reached a peak after 1927 . It may take over 
two years for an area to return to normal after a tropical 
cyclone and at least a year for it to recover from hypoxic 
bottom conditions . Because of the time period necessary 
for recovery and the periodic nature of "normal" per-
turbations on the Louisiana shelf, the fauna probably 
remains in a depressed state as compared with a similar 
fauna offshore Texas . 

The fauna encountered in this study closely resem-
bles that found offshore Texas . As the fauna ap-
proaches Port Isabel it assumes certain tropical compo-
nents . Much of the fauna on the Louisiana shelf also re-
sembles that of the eastern United States as far north as 
Cape Cod, Massachusetts . There is substantial evidence 
that the Carolinian province extends along the Louisi-
ana coast, forms part of the Northwestern Gulf Prov-
ince and contains four reported assemblage groups: 
inner shelf, intermediate shelf, outer shelf, and 
pro-delta . 

Meiofauna and macroinfauna diversities were higher 
at the Primary Sites than at the Control Sites, probably 
because the Primary Sites provided more and different 
microhabitats. Correlation analysis indicated that dis-
tance from the mouth of the Mississippi River, depth, 

temperature, salinity, D.O., percent sand, percent silt, 
T.O.C ., and the presence of hypoxic bottom conditions 
were significantly correlated with species diversity, 
evenness, and number of individuals of selected taxa or 
taxa groups . Ethane, propane, total unsaturated hydro-
carbons, the contamination index, chromium, lead, 
cadmium, copper, nickel, iron, and zinc were also 
found to be significantly correlated with selected biotic 
variables. Level of impact of the significant abiotic vari-
ables cannot be determined at this time . This informa-
tion should be available through regression analysis . 
However, the independent variable data set used for re-
gression in this program contained considerable multi-
collinearity and the results could not be usd to produce 
predictive equations . Further refinement of the regres-
sion equations was not considered to be within the scope 
of this study . 

Hydrocarbon and trace metals analyses indicate that 
the study area suffers from sub-lethal chronic exposure 
to hydrocarbons and trace metals . Any effects from 
drill cuttings or drilling fluids were restricted to within 
less than 500 m of a platform . Some of the contami-
nation has its input from the Mississippi River, but 
some of the contamination appears to be platform de-
rived . 

The benthic fauna of the Louisiana continental shelf 
is indeed stressed over much of the area by natural envi-
ronmental perturbations and locally by petroleum pro-
duction activities . Several indicator organisms were 
identified in this project and can be very useful in future 
monitoring . However, it is extremely important that 
these indicators, that is, their presence or absence, be 
evaluated within the context of the entire community. 
The health of the community should be determined 
based upon as much information as possible and not on 
limited knowledge . 
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APPENDIX A 
List of Taxa Identified in the BLM Central Gulf Platform study. 

Because of the need to meet deadlines, this list was 
closed to additions or corrections in order to begin data 
synthesis . Therefore, Tables A1 and A2 of this Appen-
dix list, in alphabetical and phylogenetic order, respec-
tively, those taxa (total of 973) used for data synthesis . 
Tables A3, A4, and AS present the taxonomic addi-
tions, corrections, and deletions, respectively, made 
after the file was closed . The total of all taxa identified, 
including additions, corrections, and deletions, was 
1029 . 

Each taxa is preceded by the National Oceano-
graphic Data Center (NODC) code . The following des-
ignations were also used based upon NODC (1978, 
1979) : 
G denotes a genus name 
" denotes a name new to NODC 
A denotes an alternate name 
? denotes taxonomic identification is not complete . 
Genera are denoted by a G and/or an 8-digit code 

number preceding the name . Species are preceded by a 
10-digit number . 
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APPENDIX A 

List of Publications and Presentations Resulting 
from this Project. 

The following is a list of publications and presenta-
tions that have utilized or will utilize the Benthic Bio-
logy data collected during the BLM Central Gulf Plat-
form Study . 

1 . Publications 

Bedinger, C.A., Jr . 1979 . Ecological investigations of 
petroleum production platforms in the central 
Gulf of Mexico -- Preliminary findings, p . 2149-
2161 . In Proceedings, 11th Annual Offshore 
Technology Conference, Houston, Texas, April 
30-May 3, 1979 . Vol . 4 . 

Harper, D.E ., Jr . 1979 . Nereis (Neanthes) micromma n. 
sp . (Polychaeta :Nereididae) from the northern 
Gulf of Mexico with a note on the structure of ne-
reidid pales . Contrib . Mar. Sci . 22 : in press . 

Harper, D.E., Jr . The family Owenidae (Polychaeta) in 
the northwestern Gulf of Mexico . In manu-
script . 

Harper, D.E., Jr . The family Sternaspidae (Polychaeta) 
in the northwestern Gulf of Mexico . In manu-
script. 

Howard, C.L . A simple elutriator for sorting raeioben-
thos . In manuscript . 

Locklin, J.A . 1980 . Effects of petroleum platform ac-
tivity on Recent Foraminifera on the Louisiana 
shelf . Masters Thesis, University of Houston, 
Houston, Texas . 

Baker, J.H., and C.A. Bedinger, Jr . Case for a de-
pressed benthic fauna on the Louisiana continen-
tal shelf. In manuscript . 

Baker, J.H., K.T . Kimball, W.D . Jobe, J.B . Janousek, 
C.L . Howard, and P.R. Chase . Benthic commu-
nity structure on the continental shelf . In manu-
script . 

Baker, J .H ., K.T . Kimball, W.D . Jobe, J.B . Janousek, 
C.L . Howard, and P.R . Chase . Effects of petro-
leum production platform activity on benthic 
populations on the Louisiana shelf, Gulf of Mex-
ico . In manuscript . 

2 . Presentations 

James H . Baker and C.A . Bedinger, Jr . "Case for a do-
pressed benthic fauna on the Louisiana Continen-
tal Shelf," 43rd Annual Meeting, American So-
ciety of Limnology and Oceanography, Inc., Uni-
versity of Tennessee, Knoxville, 16-19 June 
1980 . 
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TABLE Al . List of taxa, in alphabetical order, identified in this BLM Central Gulf Platform study. 

1 . 5515350201 Abra aequalia 
2, 6186020301 * Acanthocarpus alexendri 
3, b169?20605 * Acanthohaustorius cf, A . millsi 
U, 5922 Acarina 
5. 61182901 G Acartia 
b, 6118290104 Acartia tonsa 
7, (+177420101 Acetes ameritanus 
A, 6177420101(11 Acetes americanus carolinaG 

5110040104 * Acteocina candei 
10 . 51100101 G Acteon 
11, 5110010102 * Acteon candens 
12 . 510010101 actenn punctastriatus 
13, 6115?501 * ActinocylherPis 
14, SU01'a10102 Aedici ra belcaicae 
15 . 78060101 G Aeverrillia 
16, 5001250303 Aglanphamus verritli 
17, 5515471801 * agriopome texasians 
is, 61 R 31302 * A 1 hunea 
19 . 61A3130201 * Alhunea Paretii 
20 . 617914 Alpheidae 
21, 61791404 * alnhpopsis 
2? . E+1791401 G AlpnPUs 
23, 6179140104 * Alpheus ambivonyx 
24 . 617914013 * Alpheus floricianus 
25 . 513?U01 C Alvania 
26, S10350Q301 * Amaea mitchilli 
27 . E~0O16ts?301 Amaeana t ri 1 obata 
28 . 61191802 * Ameire 
29, bltytti pmeiridae 
30, 'S4SU?50141 Ammonia betted i 
31 . 345032(1401 * Amn+oscal ari a pseudoapi gal i s 
32 . E+16902n1 f: Amqelisca 
33, f+1h9020108 Ampelisca abdita 
34, 6169020111 Amnelisca agassizi 
35, 6169020116 * Amvelisca cristodes 
36 . 6169020117 * Ampelisca neapolitanus 
37, 6169020110 Amtaelisca verritli 
38 . 5U016702 G AmpharptP 
39, SU0167020b Ampharete actit i frogs 
40 . SUO1bJ0211 * Amphsrete emericana 
41 . 500167 Ampharetidae 
42, 61192804 G Amphiascus 
43, 6119280402 * Amphiascus minutus 
44, 61690302 AmphiloChus 
45, 47040404 * AmphimonhystPra 
46, R1?9(?30102 Amphiohia atra 
47, 9129030105 * Amphiodia trvchna 
49 . P129t130y C Amphionlus 
49, A1?930902 * Amphionlus coniortodes 
50, 6166 A Amphipoda 
51 . H12903 Amohiuridae 
52 . 5509051101 * Amusium panyraeum 
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53 . 5105030303 * Anachis obese 
54 . 55060102 G Anadara 
55 . 5506010203 * Anedara baughmani 
56 . 5506010202 Anadara ovelis 
57, 5506010201 Anadara transverse 
58 . S515014401 * Anadontia alba 
59, 5001130110 * Anaitides ervthrophyllus 
60 . 5001130104 Anaitides mucosa 
61 . 6187011701 * Anasimus latus 
62, 8747020201 Anchoa hepsetus 
63, R7U7020202 Anchoa mitthitli 
64, 8/47020206 Anchoa nasuta 
65 . 8747020 .304 Anchoviella perfssciata 
66 . SUO]?201 G Ancistrosyilis 
67, SU01?2012 Ancistrosyllis hartmanae 
68, 50012201n3 Ancistrosyllis jonesi 
b9, 5001220105 * Ancistroayllis papillosa 
70 . Rli57Q30503 AncyloDSetta dilPCta 
71 . 8851030506 AnGylonsetta yuadrocellata 
72 . 8740 A Anquilliformes 
73, 50 Annelids 
74 . 61A3 A Anomura 
75, 8787020203 Antennarius radiosus 
76 . 3760010204 * pnthopleura krPbsi 
17, 314U Anthozoa 
78, 616001 Anthuridse 
7q . 47110401 G Antitoma 
80, 471104 Anticomidae 
81, 5105040541 * Antitlophos cendei 
82 . 50014322 Aonidee 
83 . 5001101 G Aphrodite 
E14, 61560101 * Apseudes 
85 . 500133201 Arabella irricolor 
86, 5002 Archiannelida 
87, S103310101 * Arc.hitectonica nobilis 
8$ . 950601 arcidae 
89, 55060199 ? Arcidae A 
90, 50014102 G Aricidea 
91, 5001410211 Aricidea cerruti 
92 . 5001410214 * Aricidea fra4ilis 
93, 5001410201 Aricidpa sueciea 
94, 817718202 Arius fells 
95, 500158(1203 * Armandia aai 1 is , 
96, 5001580204 * Armandia maculate 
97, 8401 Ascidiacea 
98, 7200030101 * Aspidosiphan aibus 
99, 7200030103 * AsaidosiAhon cuminqii 
100 . 7200030102 * Aspidosiphon sninalis 
101, 9104 Asteroidea 
102 . 6111032 * Asterooella 
103, A1060105(12 * Astropecten duplicates 
104, 5001630f03 * AsYChis elonaata 
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105, 5103730104 * Atlanta peronii 
106 . 550'1020101 * Atrina seminuda 
107, 6179140 01 * Automate cf . A, rectifrons 
108, 6179140302 * Automate evermanni 
109, 47304 Axonolaimidap 
110 . 47030401 G Axonolaimus 
111, 8777180101 eagre marinus 
112 . 9835440301 Bairdiella chrysura 
113 . 82010201 Aalanoglossus 
114, 61340201 G F3alanus 
115 . 8860020201 Ralistes capriscus 
116, 551H01(1401 Rarnea truncata 
117, 47031001 G BathYlaimus 
118 . 3u5UU5(1201 * Ai4enerina irregularis 
119, 55 8ivalvia 
120, 5598 ? Rivalvia 02 
121 . 5547 ? Btvalvia #3 
122 . 5519 Bivalvia anon+alodesmata 
123, 50niv3os r aoccardia 
124 . 5001430806 Rpccardia hamata 
125, 3453420109 * Rolivina lowmani 
126, 3493420111 * Bolivina spinata 
127, 3493420110 * Rolivina striatula 
128 . 8847011601 gollmannia communis 
129, 885703 Rothidae 
130, AU RraChiopoda 
131, h1RU A 8rachyura 
132, 9500010101 Rranchiostoma caribaeum 
133 . A7q1020101 Rregmaceros atlanticus 
134, 8747010403 8revoortia pstror+us 
135, 1453420201 * Rrizalina fragilis 
136 . 8792010401 Rrotula barbata 
137 . 78152501 G Buquta 
138 . 3453460203 * Foul imina etenans 
139, 3453460202 Aulimina maroinata 
140, 345338010 Buliminella elegsntissima 
141 . 14533t30103 * Ruliminella morgani 
14? . 55?008031 * Aushia ele4ans 
143, 51050701(14 * Busycon contrarium 
144, 5105(?IOlOS01* Rusycon nervPrsun+ pulleyi 
145 . S1QS07010601* Rusycon spiratum pla9osum 
146, 6118 A Calanoida 
147, 6186020101 CalaQpa flammea 
148, 6186020102 Catanpa sulcatA 
149, 61230101 G Caligus 
150, 3760040101 * Calliactis tricolor 
151 . 6183040206 * Catlianassa hiformis 
152 . 6189010301 Callinectes sapidua 
153, 6199010302 Callinectes similis 
154 . 510210(11 G Cailiostoma 
155, 470307 Camacoiaimidse 
156, 47030703 G Camacolaimus 
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157, 370401 Campanulariidae 
158, 47030201 * CampYlaimus 
159, 61540701 G Campvlaspis 
160 . 3453530101 * Cancris sa9ra 
161 . S10S040401 * Cantharus cancellarius 
162 . 5001600101 Capiteila capitata 
163, 8835280302 Caranx fusus 
164, 551522 Cardiidae 
165 . 55201001 G Cardiomya 
166, 6179 A Caridea 
167 . 34545701 G Cassidulina 
168, 46020301 * Cateria 
169, 513020106 Cavoline lonqirostria 
170 . 6118170104 Centrope4es furCatua 
171, 8835020305 CentroQristis philadelc)hicus 
172 . 47505 Ceramonematidae 
173, 6169150102 Cerapus tubularis 
174, 5001244603 * Ceratacerhaie ct, C, loveni 
175, 5001?40103 Ceratonereis irritabilis 
176, 4303020209 Cerebratulus lacteua 
177, 4303020210 Cerebratulus lur.idua 
178 . 3743 Ceriantipatharia ceriantharia 
1/9, 47051003 * Cervonems 
180 . 3960 Cestode 
181 . RK35520101 Chaetodivterus faber 
1$2 . 47111Z04 * Chaetpnema 
183 . 5001490101 Cheetopterus variopedatus 
184, 50015004 G Ghrsetozone 
185, 5u01500uA1 Chaetozone setosa 
186, 9515510102 * Chama congreaata 
187, 6189050301 * Chasmocarcinua missiasippiensia 
188, 7814 A Che!i lostomats 
189, 55154714 * Chione 
190, 5515411499 ? Chipne A 
191 . 5515471441 * Chione clenchi 
192 . 817802013 Chirodota laevis 
193 . 8835280401 ChlorosCOmhrus chrYsurua 
190, 50017001 G Chone 
195 . 5001700104 Chone duneri 
196, 470513 ChonioleimidAe 
197 . 4705 Chromadorie araeolaimida 
198 . 4705 Chromadoria desmodorida 
199 . 470511 Chromadoridae 
200 . 3453670104 * Cibicidea concentrlcus 
201 . 3453670105 * Cibicides deprimus 
?U2 . 3513 C i l i ate!s 
203 . 3514 Ciliates holotrichia 
204 . 3520 Ciliates holotrichis spostomatida 
205, 3516 Ciliates holotrichis gYmnostomatida 

rhabdophorina 

206, 3529 Ciliates peritrithie 
207 . 3530 Ciliates peritriehia peritrichide 
208 . 3534 Ciliates suctoria suctorida 
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209, 5103003 G Cingula 
210. 500150 Cirratulidae 
211 . 50015001 G Cirratulus 
212. SOO150O1A5 * Girratulus ct, G, hedgpethi 
213 . SUO15u0106 * Cirratulus hedgpethi 
214 . 5001410601 Cirrophorus lyriformis 
215, 8857030110 Citharichthys spilopterus 
216 . 610E A Cladocera 
217, 61192701 G Cletodes 
218, b119?7Q106 * Cle!todes carthaginiensis 
219 . E+11y?70102 * Cletodes dissimilia 
220, 611y?7n105 * Cletodes latirostris 
221, h119?701030 1* Cietades limicola limicola 
222. 6119270101 Cletodes lonqicaudatus 
223, 6119270104 ~ Cletodes tenuipes 
224 . 411927 Cletodidae 
225, 61R30o0701 C,tibanarius vittatus 
226 . 874741 Clupeidae 
227, SUO16S02 G Clymenella 
228, SOOtb302020 1* f.lymenella torquata calida 
229, 5001630203 Clymenelia zonalis 
230 . 37040105 G C1Ytia 
231 . 1704010501 Clytia cvlindrica 
232, 6187011801 * Coelocerus spinosus 
233, 3518!1101 * Coelosomides 
234 . 351tso1 * Coelosomididae 
235, 47051007 * Comesoma 
236, 1470510 Comesomatidae 
237, 8141120302 Cangrina flava 
238 . 5106030101 * Conus suatini 
X39, 510603012 * Conus clarki 
?40, 6117 Copepods 
241, 5517020201 Corbuia contracts 
242 . 551702 Corbu " idae 
243 . 616915 Corophiicine 
244, 6169 5(12 f.. Coroph i um 
245, 6169150201 Corophium atherusicum 
246 . 1~12U0401 G Corycaeus 
247, 370306 CorYnidae 
248 . 5105160101 * Cosmiotonche calliqlYpts 
?49, 500152Q1 G Cossura 
250 . 5001520103 * Cossura delta 
?.51 . 55f5200102 * Crassinella lunulata 
252 . 5103640205 Crepidula convexa 
253 . 5103640204 Crepidula fornicata 
254, 6154 A Cumacea 
755 . 7815040402 * Cupuladria biporosa 
256. 7815040403 * CuPuladria dome 
257, 470512 Cyetholaimidae 
258, 61540902 G Cyclaspis 
259, 6154090202 CyC 1 aspi s vas i ans 
260, bl?0 A Cyclopoida 
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261 . 8857030801 Cyclopsetta chittendeni 
262 . 4602 Cyclorhacaida 
263 . 5110040401 * Cylichnella hidentata 
264, 510378 Cymatiidae 
265. 51037802 * Cyn+at i um 
266, 8835440106 Cynoscion arenarius 
267, 8835440103 Cynoscion nothus 
268, 6111098 ? Cypridinidae H 
269 . 551801301 Cyrtopleura costata 
270, 61140101 * CYtherella 
271, 61131902 G Cytheromorpha 
27? . x+11313 Cytheruridae 
273 . 55070105 G f)acrYdium 
274, 41050401 * Dasynemella 
275 . 6175 A Decapocia (arthropoda) 
276 . 8835281202 Decapterus punctatus 
277 . 3660 Demospongia 
?7A, 470503 Deamodoridee 
279 . 470602 Desmoscolecidae 
280 . 47(16201 * I)esmoscolex 
?81, 6119310401 * niarthradea diasimilis 
?H2 . 344502 * Diffluqiidae 
?83 . 5001?9021 nioPatra cuprea 
284 . 61192Es Diosaccidae 
285 . Rt335021U05 Diplectrum hivittatum 
?tib, 9635021002 OiAlectrum formosum 
287, 50n15404 Diplocirru4 
288 . 5515050103 * Diplodont» soror 
?8q . 7615150202 * Discoporella doma 
?9n . 7615150203 * Discoporella umbellata 
?91 . 3453540601 * Discorbis squaTata 
297, Sq01431901 Dispio untinata 
?93 . 51037803()l * nistorsio clathrata 
294, 54020302 * Diurodrilus 
295 . R7u7010502 norosoma petenenae 
296, 5001360102 Dorvillea caeca 
?97, 50o13b0108 * norviliea sociabilis 
298 . Su013b narvilleidae 
X99, 470S1U(1t G 11orylaimopsis 
300 . 5515470901 Dosinia discus 
341 . SOn133t11A'! * Sri lonereis cf . D, fi lum 
30? . 5001330103 nrilonereis lpnga 
303, E+1RS(120101 * Dromia erythropua 
304, A7U117 nysommidAe 
305 . 6113250201 * Echinocythereis c3arrPtti 
306, 46020101 * Echinoderea 
347, 73 Echiura 
308 . 730102 Fchiuridae 
30q . 61190902 G E'ciimosoma 
310 . 6llyn9 Fctinosomidae 
311 . 7b Fctoprocta 
312, 61620207 G Edotea 
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313 . 37590101 G Edwerdsie 
314 . 3450540102 * Egaerelta hradyi 
315, 47040101 C Eleuiherolaimus 
316 . 345430019 * Elphidium qunteri 
317 . 471116 * EnchelidiidaP 
318, 61192702 * Enhydrosoma 
319 . 6119210299 ? Enhydrosoma A 
320 . 6119270204 * Enhydroaome hopkinsi 
321, 6119270206 * Enhydrosoma lacunae 
32? . 6119270201 * Enhydrosoma longifurcacun+ 
323 . 6119270202 * Enhydrosoma propinquum 
324 . h119?"7(125 * Fnhydrosoma sarsi 
325, b119?74203 * Fnhyrirosoma uniarticulatum 
326 . (+119?703 * E:nhydrosomella 
327, 1171112 Enoplidae 
328 . 8201 FnteroPneusta 
329 . 14535403 G Epistominella 
330 . 153001 * Epistyliciae 
331 . 3u53Sb0104 * Epanides antillarum 
332 . 8835441206 Equeius umbrosus 
333 . 61?U0501 G Erqasiius 
334, bl?U0S0106 * Frgasilus meaaceros 
335, 6120050105 * Erqasilus versicolor 
336, 6169150302 Ericthonius hrasiliensis 
337, 6169?10402 * Friopisa incisa 
339 . 501130207 Eteone hete!rapada 
339, E+1Rb010101 Ethusa microphthalma 
340, 8857030201 Etropus crossotus 
341 . 8747010601 Etrumeus tees 
342, 47050305 +e Eubostriehus 
343 . 6183120301 Fuceramua praelongus 
344, 47051102 f Euchromadora 
345, A835390102 Eucinostomus gins 
346, 6111050301 * Euconchoecia chierchiae 
347, 6189021401 * Eucratodes acassizi 
348 . 6154n40213 * F_udorel 1 a monodon 
349, 344503 * E'uql yph i ciae 
350, 500130 Eunicidae 
351 . 50010205 G Funoe 
352 . 9001680206 * Fuoolymnia crassicornis 
353, 6119140101 Futerpina acutifrons 
354 . 5001?307 G Exogane 
355, 50017016 Fahrisabella 
356, 5105090201 * fasciolaria Cilium 
357, 3704020301 Filellum seroens 
358, blbl A Flabellifera tisonoda) 
359 . 3494610104 * Florilus atlanticus 
360, 345u610105 * Florilus grateloupi 
361 . 6189050501 * Frevillea barbate 
362 . 3453030802 * Frondicularie compressa 
363 . 3454520203 * Fursenkoina complanata 
364, 3454520201 Fursenkoina compressa 
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365 . 3454520204 * Fursenkoina pontoni 
366 . 51 Gastropoda 
367 . 5012701 G1YCera (polychaeta) 
368, 5001270104 GlYCera americana 
369, 5001280106 * GiYCinde norcimanni 
370 . 5001280104 G1Ycinde solitarie 
371 . 6189050401 * Glyptoplax smithii 
372 . 40 Gnathostomulida 
373 . 884701 Gobiidae 
374, 8847011201 Gobioides braussonneti 
375 . 8847010501 Gobionellus boteosoma 
376 . 72000201 6 Golfingia 
377, 7204020106 * Golfingia bulbosa 
378, 7200020108 +r Golfinqis aellucida 
379, 7200020107 * Colfingia trichocephala 
380, 618905 Goneplacidae 
381 . 61P90501 * Goneplax 
382 . 50A1?EfQ202 Goniada maculata 
383 . 5001280206 * Cpniada tees 
384 . 5001?8 Goniadidae 
385, 6183040301 * Gourretia latispine 
386, b1b9150901 * Grandidierella bonneroides 
387, 344501 * Gromiidae 
388, 50017501 * Grubeuleois 
;E39, 8898010303 Gymnachi pus texae 
390, 7801 Gymnolaemata 
391 . 7802 Gymnoleemata ctenostomata 
392, 5001?_10102 GyQtis brevioalpa 
393 . Su01?1103 Cyptis vittata 
394, 8815400101 Haemulon aurolineatum 
395, 47110901 G Halateimus 
396 . 37040b01 G Nalecium 
397, 3704060114 * Nalecium bermudense, 
398, 370406115 * Halecium nanum 
399, 61190904 * Haleetinosoms 
400 . R7R704A;01 Hslieutichthys aculeatus 
401 . 61192846 * HaloaChizopera 
402, 3454650102 * Hanzawaia strsttont 
403, 34503001 G Hanlophragmoides 
404, 5001400105 * Haoloscotoplos tragilis 
405, 6111070101 ~ Narbansus paucichelatus 
406 . 5001008 G Harmothoe 
407 . 500102081 * Harmothoe trimaculata 
408, 611910 Harpacticidae 
409, 6119 A Harpacticoida 
410, 6120060102 * Hemicyclops americanus 
411 . 81?_9020301 * Hemiqholas elongate 
412 . 61860202 G Hepatus 
413 . b186020201 Hepatus epheliticua 
414, 500121 Hesionidae 
415 . 4303 Heteromemertea 
416 . 6189020601 Hexananopeus angustifrons 

224 



TABLE A1 (Cont'd). 

417 . 6189024602 * Hexaoanoneus paulensis 
418 . b1b93414 G Hippomedon 
419 . 351601 * HoloAhryidae 
420 . 8170 Nolothuroidea 
421 . 4601 Homalorhagida 
422 . 8741080102 Noolunnis macrurus 
423. 5001730902 Hydroides protulicola 
424 . 3701 Hydraroa 
425. 3703 Hydrozoa hydroids anthomedusae 
426, 3704 HydroZOa hydroids leptomedusae 
427 . 47051104 G Hypncicntolaimus 
428 . 61b202 Idoteidae 
429. 471103 Tronidae 
430, 6198 A Tsopode 
431 . 5514010801 * .iouannetia quillinqi 
432 . 9840140301 Kathetostoma albiqutta 
433 . 46 KinorhYncha 
434 . 5106011 * Kurtziella 
435 . 5515?2402 * L.aevicardium laeviqatum 
436 . 3453030y15 * l.a4ena spicata 
437, 3453030908 laqena striata 
438 . 3450120401 * Lagenammina comprima 
439, 3450120402 * Laqenammi na di f 1 u9i formi s 
440 . 8861010101 Laqocephalus leeviqalus 
441 . 8835430201 Laqodon rhomboides 
44? . 47051006 * Lai me1 1 a 
443 . 6154010105 Lamprops quadriplicata 
444 . 5001430201 l.a4nice cirrata 
445, 6119150201 * Laophonte cornuta 
446 . 611915 Laophontidae 
447, 9815440501 Larimus fasciatus 
448 . 551507 * 1_asaeidae 
449, 55150799 ? Lasaeidae A 
450, 6179160602 * l,atreutes parvulus 
451 . 6187020201 * l .eiotambrus nitidus 
452 . 88 .35440401 Leiostomus xanthurus 
453, 61690603 G Lembos 
454, 6169060304 * Lembos brunneomaculatus 
455 . 61690b0303 l,embos smithi 
456, 34530301 G lenticulina 
457 . 3u530301n7 * Lentickilina bowdensis 
SSA, 345330104 Lenticulina calcar 
459, 1453030108 * Lenticulina iota 
460 . 3453030105 l.entiCUlina pereqrina 
461 . 90010218 G Lepidasthenia 
462, 500121104 Lepidonotus sublevis 
463. 5001021105 LeDidonotus variabilis 
464 . 8792010504 Leaonhidiun+ graellsi 
965, 61790502 l.entochela (decapoda) 
466 . 6179050202 * I..eptochela bermudensis 
467 . 470305 l,eptolain+idae 
468, 47030501 G Leptoisimus 
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v69, 55150999 ? lePtonidae A 
470, SS1S0998 ? leptonidae 6 
471, 471117 * l.eptosomatidae (nematode) 
472 . 8178010204 * leptosYnapta multicora 
473 . 6187010941 Libinia dubia 
474, 6187010902 Libinia emarginata 
475, SS09100104 * Lima loCk)ini 
476 . 500902(1701 * limnodriloides medioporus 
477 . 551501050 * Lingo amiantus 
478 . 80020101 * 1_ingula 
479, 410401 Linhomoeidae 
480, 6169330399 ? Listriella A 
481 . 6169330301 Listriella bsrnsrdi 
1482 . SSA7o1~1301 * Lithophaga bisculata 
463 . 5o01b8?001 l_oimia medusa 
484 . 50416d2U02 * Loimia viridis 
485 . Slnbo10102 Loliqo pealei 
486, 5 x(1(,(110201 Lol i igunCUl a brevi s 
487, Rti4U020102 l.onChopisthus lindneri 
488, b119040101 * Lonqipedia helqolandica 
489 . 1104111 G l .ovenella 
490 . 3104110102 * I._ovenella qrandis 
491, 61131901 G l.oxoconcha 
492 . E+113190103 * Loxoconcha sarasotana 
493 . 55151 lucinidae 
494, 50013101 r Lumbrineris 
495 . 500110113 Lumbrineris tennis 
496, 8815360107 lutjAnus Campechanus 
497, 8835160112 l.utjanus synagris 
498, 55?UO5020b01* lyonsia hyalinA floridana 
499, 5515311 G Macoma 
500, 5515110122 +r Macoma pullevi 
501 . 5515311?1 * Macoma tageliforTis 
50? . 4401 Macrodasvoida 
503, 90011140107 * Ma4eloma filitormis 
504 . 501440106 * Ma4elona phyllisae 
505 . S001440104 Maqelona rospa 
506, 500144 Mepelonidae 
507, 61871 Ma)idap 
508 . 5001431403 * Ma1acoceros vancierhorsti 
509, S0016303 G Maldane 
510 . 50A163 ""aldanidae 
511 . 3453030303 * Marqinulina obese 
512 . 345308001 * Marginulinopsis n+arqinulinoides 
513 . 5001300204 +~ Marphysa aransensis 
514, S001300202 Marphysa belli 
515 . 5001300201 Marphysa sanauinea 
516, 5001600402 * Mediomastus californiensis 
517, 5001700442 Meqalomma hioculata 
518 . 500167054 Melinna maculate 
519, 34546502 G Meloni : 
520, 6189021101 * Menippe mercenaria 
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521 . 8835440601 M*nticirrhus americanus 
522. 551541110101* Mercenaria mercenoria texsna 
523, 61192901 * Mesochra 
524. 6119290101 * Mesochra lilijeborai 
525 . 47050301 6 Metachromadara 
526, 4705100 * Met aco+nesoma 
527, 470512(14 * Metacyatholaimus 
528 . 88470107 G Microgobius 
529, 470502 Microlaimidee 
530 . 47050201 * Microlaimus 
531 . 8835440701 Micropogon undulatus 
532 . 6119094101 Microsetella norveqica 
533 . 5001432301 * Microspio piamentata 
534 . 345201 Miliolacea 
535 . 8179010103 * Moipadia cubana 
536, 47040402 G MonhYStera 
537 . 470404 MonhYSteridae 
538, 6169370820 Monocutodes edwardsi 
539, 470506 Mononosthiidae 
540, 5515250301 Mulinia lateralis 
541 . 9105011001 Murex fulvescens 
542 . 510541 Muricidae 
543, 6111 A=Myodocopa 
544 . 5001640302 * Myriowenia californiensia 
545 . 5001640303 * MYriowenia ct, M, californiensis 
546, 8741130802 Myrophis punctatus 
547, 6186030201 Myropsis quinquespinosa 
548, 6151 A Mysidacea 
549, 615341?.101 MYsidoQSis bigeloai 
550 . 615312102 * Mvsidopsis furca 
551 . 5515370201 * Mytilopsis leucophaeta 
552 . 5001u00C03 Naineris laeviqata 
553, 6183061201 * Namatopacturoides fagei 
554, 5105030501 * Nassarina glypta 
555 . 51050801 G Nasserius 
SSb . 51A508(1106 * Nassarius acutus 
557, 5103760204 * Natica pusilla 
558, 510376 Nat i c i ciae 
559 . 47 Nematoda 
560 . 46010201 * Neocentrophyes 
561 . 8741020201 Neoconqer mucronatus 
562, 47051205 * Neotonchus 
563 . 5001250114 NePhtys hucera 
564 . 5001250115 Nephtys intisa 
565 . 5001250116 Nepntys maqetlanica 
566 . 5001250117 Nephtys pitta 
567 . 500124 Nereidae 
568, 50012499 ? Nereidae 8 
569, 50012404 G Nereis 
570 . 5001240414 * Nereis falsa 
571 . 5001240410 Nereis succinea 
572 . 6161060601 * Nerocila acuminate 
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573, 5001310204 Ninoe niaripes 
574 . 5103530401 * Niso aeglees 
575, 61191801 Nitocra 
576 . 3453031004 * Nodoaaria albatrossi 
577, 3453031005 * Nodoaaria fusta 
578 . 550601031 Noetia ponderosa 
579, 345461020b * Nonionella basilobs 
580, 61191503 * Normanella 
581, 6119150303 * Normanetla contluens 
582, 6119150301 * Normenella mucronata 
583 . 611915032 * Normanella serrata 
584, 5001600307 * Notomastus hemipodus 
585, 5001600306 Notomastus lAtericeus 
586, 5502020207 * Nucula cf, N, praxima 
587, 55021140204 Nuculana acute 
588 . 5502040213 * Nuculana concentrica 
589, 550204 Nuculanidae 
590 . 37040102 f Obelia 
591 . 3704010207 * nbelia hyaline 
592 . 5105102 G ncenebra 
593 . 3752 Octocorallia pennatulatee 
594, 570801002 * Octopus vulgaris 
595 . 47030402 G (idontophora 
596 . 91080101 C (lciostomie 
597 . 510801019 ? fldosLOmia C 
598 . 616937 Oedicerotidae 
599, 87870401 G (l9cocephalus 
600 . 8787040106 OgcoCeDhalus radiatua 
601, 6179150102 Oqvridea limicola 
602 . 84130101 G Oikopleura 
603, hl?..OOy0109 * Oithone colcarva 
604, 5004 Oligochaeta 
605 . 5145100201 * nliva savana 
606 . 61200103 G Onceea 
607, E+120010312 Oncaea venusta 
608 . 72000202 Onchnesoma 
609 . 471114 Oncholaimidae 
610, 47111405 f, flncholaimus 
611 . SU0129 Onuphidae 
612 . SUOI?90107 Onuphis eremita 
613 . 5001?9010701* (1nuDhis eremita oculata 
614 . 5UA1?90112 * (lnuphis nebulosa 
6115 . R1290Z0201 * OphiACtis saviqnyi 
616 . 9001210402 (lphiodromus obacura 
617, R1?U nphiuroidea 
618 . 500140 C1rbini idae 
619 . R71T nsteichthyes 
620, 6110 Ostracoda 
621 . 5510020202 Ostrea eauestris 
622, 6189010501 nvalipes quaclulpensis 
621 . 5U01640102 (lweni a fuss formi s 
624, 47110902 r, nxYStomina 
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625. 41109 Oxystominidae 
626 . 354301 * (1xYtrichidae 
627, 6154050601 Oxyurostvlis smithi 
623 . 618306 Paqur i dae 
629, 6183060103 * Panuristes oxyophthalmus 
630, bl$30b02 G Pa4urua (decapoda) 
631 . 6183060237 * Pa9urus bonairensis 
632, 6193(16Q235 * Paaurus brevioactylus 
633 . 6183060236 * Pagurus bullisi 
634, 6183060232 Paqurus pollicaris 
635, SUAlOt301 r Paleanotus 
636, 5001084103 Paleanotus heteroseta 
637, 37560101n1 * Palythoa texsensis 
639 . 552 0 020109 * Pandora bushiana 
639, 61180401 G Paracalanua 
640, 6118040105 * ParaCelanus aculeatus 
641, 6118040102 Paracelanus craasirostri : 
64?, b171(1109A1 Paracaprella tennis 
643 . 47051005 * Paracomesoma 
644, 8741120501 Paraconqer caudilimbatus 
645 . E+113?001 G Paradoxostoma 
646, 50011601 * Paralacydonia 
647, 61191501 G Paralaophonce 
64(x, 6119150103 * ParataophontP aaCifica 
649, P857030304 ParalichthYS lethostigma 
650 . h1h9480703 * ParametoPella texansis 
651 . 47040405 * Paramonhystera 
652. 5001130801 Paranaitis sneciosa 
653 . 5001?2Q702 * Parandalia ocularis 
654, 3760020201 * Paranthus raniformis 
655 . 500101 paraonidae 
656, SpOl41f1301 Paraonis gracilis 
657 . 6177010501 * Paranenaeus longirostris 
658 . 81720'i0301 * paraahyllophorus parvus 
659 . b1R9(1605 * Paraninnixa 
660, 6189060501 * ParaDinnixa hendersomi 
661 . 5001431101 Paraprionospio pinnata 
662 . 41030404 G Parorfontophora 
663, 619702 Parthenopiriae 
664, 5515010102 * Parvilucina Tultilineata 
665, 500166030e Pectinaria youldii 
666 . 61132003 * Pellucistoma 
667, 61191102 * Peltidium 
668 . 61771 Penaeidae 
669, 6171010101 Penaeus aztecus 
670, 617701010101 Penaeus aztecus aztecus 
671, b177n10102 Penaeus ciuorarum 
672 . 6177010103 Penaeus setiferus 
673 . 315402 Pennatuliaae 
674, 817z(1b0303 * Pentamera oulcherrima 
675, 61620208 r Pentiaatea 
676, RnS10Snlny Peprilus burti 
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677 . 8851030102 Peprilus paru 
678 . 6160 Peracarida isopoda anthurirlea 
679, 61791105 * Periclimenes 
680 . SS1S4719 * PeriglYpta 
681 . 55200701 G Periplon+a 
682 . 5520070106 * Periploma cf . P, orbiculsris 
683, 6196030102 * Persephona crinita 
684 . 35400901 * Petalotricha 
685, 5 .315460102 Petricala pholadiformis 
686, 951548 Pet ri co 1 i dae 
687 . bl83(1b1101 * Petrochirus diogenes 
688, 1171111 Phanodermatidae 
684 . 7200020401 Phascolion strombi 
690, 5110051 G Philine 
691 . 511UQ5nt06 * Philine sacra 
692 . 611107 Philomedidae 
693, 7lOU010203 Phoronis architecta 
644, 6169?602 G Phot i s 
695 . h16y?_b()299 ? Phot i s ks 
696 . 616y2bn211 * Photis macromanus 
697 . 500113 Phv 1 1 odoc i dae 
69(i, h 1 890Z 12 * p i 1 umnus 
699, 550102 pinnidae 
700 . 6iRy0b04 G Pinnixa 
701 . 5001(17 Pisionidae 
702, 5001660701 Pista cristata 
703 . SOO1680707 Pista palmata 
704 . 5515u71202 * Pitar cordatus 
705 . SS15110101 * Planktomva henseni 
706 . 511412 Planorbidae 
707 . 512602(?302 * Pleurobranchaea hedgDethi 
708 . 5105090301 * Plpuronloca giaantea 
709, 6187011601 * Podochela lamelligera 
710 . 6113 A PodocoPa 
711 . 5001460101 * Poecilochaetus johnsoni 
71? . A83S440$01 Poqonias crOmis 
713 . 1;1037h0401 Polinices duplicatus 
714, 5001 Palychaeta 
715 . SUO16o08n4 Polycirrus eximius 
716 . A81tS01(1101 Polydactvlus octonemus 
717, S0014304 G Polyciora 
718 . S001430411 Polydora ligni 
719, 5001430402 Po1Ydora socialis 
720, 500254102 * Polyoordius appendiculatus 
721, 500102 Polynoidae 
722, 5001030201 * Polyodontes lupine 
723 . 5106021202 * Polystira albida 
724, 5106021201 * Polystira tellea 
725 . 5001731301 * Pomatoceros americanus 
726. 6183120S G Porcellana 
727, 6183120502 * Porcellana sayana 
728 . 6183120501 Parcellana sigsbeiena 
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729 . 8783010106 PorichthYS porosissimus 
730 . SS20090105 * Poromya rostrata 
731 . 61890106 G Portunus 
732, 6189010601 Pprtunus qibbesii 
733 . 6189010603 Portunus spinicerpus 
734 . 6189010604 Portunus spinimanus 
735 . 8835170101 Priacanthus arenatus 
736 . 5001430502 Prionospio cirrifere 
737, SUOl4S0508 Prianospio cirrobrenchiata 
738, 5001430510 * Privnoapio cristata 
739, 9001430511 * Prionospio dayi 
740, 5t)01U30507 PrionosPio PY9maea 
741 . REi?b0ZA113 Prionotus ophrvas 
74?_ . P82b02n11v PrionotuR Asralatus 
743 . P826020118 Prionotus rubio 
744 . A8?b020121 Prionotus stearnsi 
745, H8?b02010y Prionotus tribulus 
746, K8353bn7n1 Pristioomoides aquilonaris 
747, 61650406 G ProbopYrus 
748, 61791701 * Processes 
749, 6179110101 * Processes bermuciensi s 
750, 6179170102 * Processa hemphilli 
751 . 615301201 * Promvsis atlantica 
752, 35160101111 ~ Prorodon marinus 
753, 81780103 G Protankyra 
754, A113110101 * ProtocYtheretta daniana 
755, 34 Protozoa 1 
756, 61191603 * Pseudameira 
757, 6119180301 * Pseudameira perplexa 
758 . 61202001 * Pseuciant Ness i us 
759, 5001100302 * Pseudeurvthoe ambigua 
760 . 61190903 Pseudobradya 
761, 6119090301 * Pseudobradya hirsute 
762 . 61181902 G Pseudocii aptomus 
763 . 6169?21303 * Pseudohaustorius americanus 
764, 6189021301 * Pseudomedeus agassizi 
765, 6119?8]1 * PSeudomesoChra 
766, 4051301 * Pseudonchus 
767, 6lA90S4641 * Pseuciorhomhila quadridentata 
768 . P1(16010303 * Psilaster cassiope 
769, 820 Pterobranchia 
770 . 61130901 * Ptervqocytheris 
771 . 3454610403 Pullenia bulloides 
772 . 46010101 * Pycnophyes 
773 . 510503 Pyreniclae 
774 . 3452140548 * Pyrgo carinata 
775, 3452140509 * Pyryo ablonga 
776, 5110130301 * Pyrunculus caelatus 
777, 3452140112 * Quinpueloculina comply 
779 . 3452 i 4f1115 * Qu i nnupl ocul i na poeyana 
779, ?i452140113 * Quinaueloculina polyQOna 
780, 3452140116 * OuinqueloculinA sabulose 
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781 . 345214114 * Quinqueloculina vulgaris 
782 . 8835260101 Rachycentron canedum 
783 . 5515250501 * Raeta plicatelle 
784 . 8713040133 Raja texana 
785 . 61860402 * Raninoides 
786 . 6186040201 * Raninoides louisianensis 
787 . 3450?5017 Reophex 4COtti1 
788, 6189020901 Rhithropanopeus harrisii 
7$9, 3443 Rhizopodea filosia 
790 . 88353b05(11 Rhomboplites aurorubens 
791 . 43 Rhynchocoela 
792 . 117040406 * RhynChonema 
793 . 41050701 * Rithtersia 
794, 6119?d07 +c RohertQUrneya 
795 . 6119260704 * Robertaurneya diversa 
796, 6119280701 * Robertqurneya ecaudeta 
797 . 61192870 :3 * Robertqurneya ilievecensis 
798 . blly?b0I02 * Robertgurneya rostrata 
799, 3453540105 * Rosalina bertheloti 
AUK . 3453540104 Rosalina floridana 
801 . 47051402 G Sabatieria 
802 . 5001700803 gabella micraphthalma 
803 . 5001650202 Sat+ellaria vulgaria 
804 . SUO1b502020 1* Sahellaria vulqaris hesutortenais 
845, 540174 Saheilidae 
806, 612018 Sabeliiphilidae 
847, 61200602 Saphirella 
808, 8747011003 Sardinella anchovia 
809, 61110401 Sarsiella (ostracoda) 
810, 6111040149 ? Sarsiella C 
H11 . 6111010105 * Sarsiella disparalis 
812, 6111040104 * Sarsiella oettlesoni 
813 . R7b2(12n301 Sauricia brasi 1 iensis 
814 . 50013601 . * Schistomerinoos 
815 . 5001360107 * SchistomPrinqos ct . S . caeca 
816 . 5001360104 S SChistomerinQOS rudvlphii 
817 . 8163020101 * Schizaster orbiqnyanus 
818 . h119?803 * Schizopera 
819. 5001432001 Scolelepis snusmata 
820 . 50(11440303 SCOloplas freqi 1 is 
821 . 5001400307 * Scoloplos ruhra 
822, 88500303(11 Scomher Iaponicus 
823, 8854030501 Scomberomorus cavalls 
824 . 5103770101 * Sconsia striata 
825 . 8826010606 Scorpaena caiCarata 
826 . 353101 * ScYPhirliidae 
827 . 46202 * Semnoderidae 
829 . 617702 Sergest i dae 
829, 863502 Serranidae 
830 . 8835022302 Serranus atrobranchus 
831 . 883522308 Serranus phoebe 
832, 370u0SA3 G Sertularia 
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833 . X70405 Sertulariidap 
834 . 6177010341 * Sicyonia brevirostris 
835 . 6177010302 * 3icyonia dorselis 
836, 5001202 G Sigambra 
837 . 5001220201 Sigambra tentaculata 
838 . 500122203 Sictambra wassi 
839, 5103760501 Sinum Aerspectivum 
840 . 47040501 * Siphonoleimus 
Aql . 3450460101 * Siphotextularia affinis 
842 . 72 SiAUncula 
843 . 61530126 * Siriella 
844, 9515290202 Solen viridis 
845 . 6177010602 * Solenotera atlantidis 
846 . E+177010601 x Solenocera vioscai 
847 . 61H9nS0201 * Speocarcinus lobatus 
848 . 5001?602 G Sphaerodoropsis 
949 . 1170403 Sphaerolaimidae 
850, 47040301 G Sphaerolaimus 
951, 8861010210 Sphoeroides parvus 
AS? . 5001430706 Spio pettihoneae 
853 . 5U0149b3Q :3 * Spiachaetopterus oculatus 
854, 500145 Spionidae 
855 . 5001431001 Spiophanes bombyx 
856 . 6191011 G Squilla 
857, 6191010102 * Squilla chyciaea 
858, 6191010101 Sauilla empusa 
859, 614101010 :3 * Sauilla surinamica 
860 . 8835441001 Steilifer lanceolatus 
861 . E+1192809 * Stenhelia 
Ab? . 611y?t309010 1* Stenhelia longicaudata finmarchica 
$63 . 611y?d0y02 * Stenheiia mastigochaeta 
864 . 61t9?H0904 * StPnhelia reflexa 
865 . 6119?80y03 * StenheliA unisetosa 
866, 6180010101 * Stenopus scutellatus 
867 . b1R7011941 * 5tenorhynchus seticornis 
968, 616911810 G Stenothoe 
869, 883Su30102 StPnotomus caprinus 
870, 5001590101 Sternaspis scutata 
871 . 9001060302 Sthenelais boa 
872, 6191 Stomatopoda 
873, 5103530204 * Strombiformis hilinestus 
874 . 51035302n5 * Strombiformis hemphilli 
875, 8406010510 * Stvela plicata 
876, P857n31301 Syacium quntPri 
877 . 500125 Sy1lidAe 
878 . c~U(ll?303Q2 5yllis yracilis 
979, 88580201 G Symphurus 
880 . 8858020102 Symphurus civitatus 
881 . 8858020101 3ymPhurus olagiusa 
882 . 6169371401 Synchelidium emeriCanum 
883 . 9001220502 * Synelmts albini 
884, 876202 Synodontidae 
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885 . 8762020101 sYmodua foptens 
886 . 8762020104 Synodus poeyi 
887, 6155 A Tanaidacea 
888 . n7030242 * tarveia 
889,5103?30503 * Teinostoma aisceYnense 
890, 5103?30502 * Teinostoma parvica " lum 
89f . 9515310301 * Tellidora cristata 
892 . 55153102 G Telling 
893 . 5515310209 * Telling aeduistriata 
894, 5515310208 * Telling cristata 
895 . 5515310206 * Telling versicolor 
896 . 5515'il Tellinidae 
897, E+11820A304 Temora turbinata 
898 . 61531?5A1 * TePhromysis louisianAe 
899, 5001682203 * Terebella ruhra 
900, 500168 Terebellidae 
901, SU016y0101 Terebellides stroemii 
902 . 5106040101 Terebra dislocate 
903 . 47040103 G Terschellingia 
904, 61193401 * Tetragoniceps 
905, 611934 * Tetragonicipitidae 
906, 3450450103 * Textularia comics 
907, 3450450104 * Textularia earlandi 
90$ . 'i45U4S0145 * Textularia mayori 
909, 51050184101 Thais haemastoma floridana 
910, 47110903 * Thalassolaimus 
911, 5001500307 x TharYx marioni 
912, 500100304 Tharyx setigera 
913 . 47040443 f, Theristus 
914, 55?008 Thraciidae 
915 . 5515(120311 ThYasira pYgmaee 
916, 551502 Thyaairidae 
917, 61191003 * Tiaropus 
918 . 50015007 * Timarete 
919, 35400201 * Tintinnopsis 
920 . 3540020103 * Tintinnopsis cf . T, ovalis 
921 . ;5UU020101 * Tintinnopsia subscuta 
922 . 3540020102 * Tintinnopsis tocstinensia 
923, 611913 Tisbidae 
924, 5103800101 * Tonna aatea 
925 . 351602 * Tracheliidae 
926 . 8835?H0102 Trachurus lathami 
927 . 46010102 * Trathydemus 
928 . 6177102 G TrachypenaPUs 
929, 6177010201 Trachypenaeus constricxus 
930 . 6177c?10202 * Trachypenaeus similis 
931 . 3930 Trematoda 
9 ;2 . 8850020201 Trichiurus lepturus 
933, A857(13140u Trichopsetta ventralis 
934 . 47060441 * TriCOma 
935 . 34534b0203 * Trifarine hells 
9 ;6 . 470310 Tripvloididae 
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937, 500902 Tubificidae 
938, 370303 Tubulariidae 
9 ;9, 3901 Turbellaria 
940 . 510$n102 G Turbonilla 
941 . 5108010299 ? Turbonilla 8 
942 . 5108010212 * Turbonilla cf, T . portoricana 
943 . 510602 Turridae 
944, 51060299 ? Turridae 6 
945 . 51060298 ? Turridae C 
946 . 6119281001 * Typhlamphiascus lametlifer 
947, 6169150703 llnciola irrorata 
948 . 61A304(1102 Upogebia affinis 
949 . 73020101 Urechis 
950 . 8791031005 Urophycis cirratus 
951 . 879131007 Urophycis floridanus 
95? . 1453480104 * lJviyerina bellula 
953 . 34S34tso103 * Uviqerina parvulA 
954, 5516014101 * Varicorbula aperculata 
955 . 551547 Vene ri tlae 
956, 510335 Vermptidae 
957 . 95201103 * Verticordia 
958 . 47111406 G Viscosia 
959, 5132302 G Vitrinella 
960, 5103?30203 * Vitrinella floridana 
961 . 513?_30204 * Vitrinella heticoidea 
962. 9110130201 * Volvulella persimilis 
963 . 5110132(13 * Volvulella recta 
964, 9110130202 * Volvulella texasiana 
965, 8635?81001 Vomer setapinnis 
966, 5114024201 * Williamia krebsii 
967 . 618902 Xant h i dae 
968, 6160410701 * Xensnthura brevitelson 
969, x+17"701071 XiDhopeneus kroyeri 
970, 47040407 * Xyala 
971 . 55d2040514 * Yoldie solenoides 
97? . 6119100401 * Zausodes arenicolus 
973 . 3758 Zoantharia actiniaria 
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t . 34 Protozoa I 
? . 3443 Rhizopodea tilosia 
3, 344501 * Gromiidae 
u, 140502 * Ditfluaiidae 
5 . 344503 * Fu41YPhidae 
6, 3450120401 * La4enammina comprima 
7, 3450120402 * laaenammina diflugiformis 
A, 3450?50107 Reophax scottii 
9, 34SO3p01 G Hanlophraqmoides 

10 . 3450320401 * 4mmoscalaria paeudospiralis 
11, 34SUUS0103 +r Textularia conita 
17 . 1450450104 * Textularia earlandi 
13, 3u5UU'>0105 * Textularia mayeri 
14, 3450450201 * Ri9enerina irr*gularis 
15 . 1450460101 * Siphatextularis affinis 
16, 34505'10102 * Eggerella bradYi 
17 . 345201 Miliolacea 
18 . 3452140112 * Quinaueloculina compta 
19, 1uS2144113 * Auinqueloculina polygons 
20 . 3452140114 * Quinqueloculina vulgaris 
21 . 3452140115 * Quinauelotulina poeyana 
22 . 1452140116 * Quinaueloculina sabulosa 
23 . 14521un50$ * Pyrgo carinata 
24 . 3452140509 * Pyryo oblongs 
25, 34550301 6 lent i cu 1 i na 
26, 345303n1O4 Lenticulina calcar 
27, 3493030105 Lenticulina pere9rina 
28, 3453030107 * l.enticulina howaensis 
29, 3453030106 * lenticulina iota 
30, 1493030303 * Marqinulina obese 
31 . 3453030802 * Frondicularia compresse 
32 . 1453(130908 l.a4ena striata 
33 . 3453030915 * lagena spicata 
34 . 3453031004 * Nodosaria albatrossi 
35 . 3453031005 * Nodosaria fusta 
36 . 1453080101 * Marginulinopsis maryinulinoides 
37, 34533801(11 Buliminella e1eqAntissima 
38 . 3453380103 * auliminetia morgeni 
39, 3453420109 * Bolivina lowmani 
40, 3453420110 * 8olivina striacula 
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41 . 3453420111 * 8olivina spinacs 
4?, 3453420201 * Brizal ins fregi 1 is 
43 . 3453460202 Bulimina marqinata 
uu, 3453460203 * F3ulimina eleqans 
45 . 3453«80103 * Uvigerina parvula 
46, 3453480104 +e Uviqerina bellula 
47 . 3453480203 * Tr ;farina belle 
48, 3u535301n1 * Cancris sa4ra 
49, 3453540104 Rosalina floridana 
50 . 3453540105 * Rosalina bertheloti 
51 . 34535403 G f..pistominella 
52 . 3453540b(11 * Di scorhi s squan+ata 
53, z45356n1O4 * Eponides antillarum 
54, 3453670104 * Cihitides concentricus 
55 . 3453670105 * Cihicides deprimus 
Sb . 345v?5411 Ammonia beccarii 
57, 1454300109 * Elnhidium Qunteri 
58 . 345q5202n1 Fursenkoina compressa 
59 . 3u5uSz02n3 * Fursenkoina comclanata 
60 . 3U5452020U * Fursenkoina pontoni 
61 . 34545701 G Cassidulina 
b? . 3US4h10104 * Florilus etlanticus 
63 . 345461105 * Ftorilus gratetoupi 
64 . 3454610206 * Nonienella basilaba 
65, 3454610403 Pullenia bulloides 
bb . 3454650102 * Hanzawaia stratkoni 
67, 34546502 G Melonis 
68 . 3513 Ciliates 
69, 3514 Ciliates holotrichia 
70 . 3516 Ciliates holetrichia gYmnostomatida 

rhabdophorina 
71 . 351601 * Holoohryidae 
72 . 351601011 * proroden marinus 
73 . ;51602 * Tracheliidae 
74 . 351801 * Coelosomididae 
75 . 35180101 * Coelosomides 
76 . 35?0 CiliatPa holotrichia aQostomatida 
77, 3529 Ciliates peritrithia 
78 . 3530 Cilistea peritrichia peritrichide 
79, 353001 * Epistylidae 
80 . 35310 * 3cYDhidiidae 
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81 . 3534 
Bz . 35400201 
83 . 3540020101 
84, 3540020102 
85, 3540020103 
86 . 35400901 
87 . 354301 
88 . 3660 
89 . 371 
90 . 373 
91 . 370303 
92 . 370306 
93 . 3704 
94, 370401 
95 . 37ouniOz 
96 . 3704010201 
97 . 37040105 
98 . 1704010501 
99, 37040203n1 
100 . 370405 
101 . 37040503 
102, 37040601 
103, 3704060114 
104 . 37040bo115 
105, 370411n1 
106 . 3704114102 
107, 3740 
108, 1743 
109, 3752 
110 . 375402 
111 . 3756010101 
112 . 3758 
113, 37590101 
114, 3760010204 
115, 31600202n1 
116 . 3760040101 
117, 3901 
118 . 3930 
119, 3960 
120, uo 

Citiatea suctoris suctorida 
TjntinnoPSls 
Tintinnonsis subacuta 
Tintinnopsis tocatinensis 
Tintinnonsis cf, T . ovalis 

* Petalotricha 
nxvtrichidae 
Demosponqia 
Hydrozoa 
Hydrozoa hYdroida 
Tubulariidae 
Corynidae 
Hydrotoa hydroids 
Campanulari idae 

r nbelia 
* Obelia hvalina 
G Clytia 

Clytia cYlindrice 
Filellum seroens 
Sertulariidae 
SertulariA 

G Halecium 

anthAmedusae 

leptomedusae 

* NaleCium bermudense 
* Halecium nanum 
G LovenellA 
* Lovenella qrandis 

Anthozoa 
CeriantiQatharia ceriantharia 
nctocorallia pennatulacea 
Pennatulidee 

* Palytnoa texaensis 
7oantharia actiniaria 

C Edwardsia 
* Anthapleura krebsi 
* Paranthus rapiformis 
* Calliactis tricolor 
Turbellaria 
Trematoda 
Cesteda 
GnathostoMUlida 

238 



TABLE A2 (Cont'd). 

121, 43 RhYnchocoela 
12?., 4303 Heteronemertea 
123 . 4303020209 Cerebratulus lacteua 
124 . 0303020210 Cerebratulus luridus 
125, 4401 Macrodssyoida 
126 . Ub KjnorhYnCha 
127, 4601 Homalarhagida 
128, u6010101 * Pycnophyes 
129 . 46010102 * Trachydemus 
130 . Ut,01n?_01 * Neocentrophyes 
131 . 460? Gyciorhaaida 
132, uaOZ01 c11 * Ech i nocieres 
133 . 460202 * Semnodericfae 
134, 4b020301 * Cateria 
135, 47 Nematode 
136 . 4703 Chromadoria araeolaimida 
137, 41(1302A1 * CampYlaimus 
138 . 47030202 * Tarvaia 
139, 111!130v Axonolaimidae 
140, 47030401 G Axonoleimus 
141 . 41030402 G ndontonhara 
142, u703O404 G Parodontophora 
143 . 470305 leptolaimiciae 
144 . 47030501 G l.eotalaimus 
145, 470307 Camacolaimidae 
146, 47(130743 r Camacolaimus 
147 . 470310 Tripyloididae 
148, 41031.001 G BathYlaimus 
149, 47(14(11 l.inhomoeidae 
150, 47040101 G Eleutherolaimus 
151 . 47040103 G Terschellingia 
152 . 410443 SphaerolaimidaP 
153 . 47040301 G Sphaerolaimus 
154, u704nq Monhvsteridap 
X55 . U7(14n402 G Monhystera 
156 . 4704045 G ThPristus 
157 . 470U04nq * Amphimonhystera 
158 . U7040a05 * ParamonhYStera 
159, 07040406 * Rhvnchoneme 
160, 47040407 * Xy8la 
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161 . 47040501 * 3iphonolaimus 
162. 4705 Chromsdoris desmodorida 
163 . 470502 Microlsin+iAee 
lbv . 4705201 * Mitrolaimus 
165, 470503 Oesmodoridae 
166, 07050301 G Metachromadora 
167 . 47050305 * Fuhostrichus 
168 . 4705(14t11 * nasynemel 1 a 
16Q. 470505 Ceramomematidae 
170, 470506 Monopasthiidae 
171 . U705A101 * Richtersia 
172 . 117051u Comesomatidae 
173, u7051001 G Dorylaimopsis 
174, 47051002 G Sabatieria 
175, 47051U03 * Cervonema 
176, 47051004 * Metacomesoma 
177, 47051005 * Paracomesoma 
178 . 47051006 * l.aimella 
179, 117051007 * Comesoma 
180 . 410511 Chromadoridae 
181 . 147051102 G Euchromadora 
182 . 47051104 G Nynodontolaimus 
183, 470512 fyatholeimidae 
184, 47051204 * Metacyathqlaimus 
185 . 47051205 * Neotonchus 
186 . 470513 Choniotaimiaae 
187, 47051301 * Pseudonchus 
188, 470602 Oesmoscolecidae 
189 . 47Abf1Z(11 * DesmosCOlex 
190, 47060401 * Tricoma 
191, 471103 Ironidae 
192 . 471104 Anticomidae 
193, 47110401 G Anticoma 
194, 471109 OxYStominidae 
195 . 47110901 G Nalaleimus 
196, 47110902 G OxYStomina 
197, 47110903 * Thalassolaimus 
198, ulllll Phanodern+atidae 
199, 411112 Enoplidae 
200, 47111204 * Chaetonema 
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201 . 471114 Oncholaia+idae 
202 . 47111405 G Oncholnimua 
203 . 47111406 G Viscosis 
204 . 471116 * Enchelidiida* 
205 . 471117 * l.eptosomatidae (nemetoda) 
206 . So Annelids 
207, 5001 Polychaeta 
208 . 50010101 G Aphrodita 
209, 500102 Polynoidae 
210 . 50A10205 G Funoe 
211 . 50010208 G Harmothoe 
21? . 500100812 * Harmothoe trimaculatr 
213 . SO(11021104 Lepidonotus sublevis 
214, 5001021105 L.epidonotus variabilis 
215 . 500142!8 C l.eAidasthenia 
216 . 5001030201 ~ Potyociontes lupins 
217, SU010b03(12 Sthenelais bas 
218 . 500107 Pisionidae 
719, 50010801 G Pateanotus 
220 . 5001080103 paleanotus heteroseta 
221 . 500110302 +r PseudeurYthoe ambiaua 
222, 500113 Phyllodocidae 
223, SU01t3A104 Anaitides Tucoaa 
224, SOO1i30110 * Anaitides erythrophyllus 
225 . 9001130207 Eteone heteropada 
226 . SU011308n1 Paranaitis speciosa 
227 . 50011601 * paralacydonia 
228. 500121 Nesionidae 
229, 500121102 Gyptis brevioalpa 
230 . 5001210103 Gy0tis vittata 
231 . 5001?104A2 ()phiodromus obscure 
?32 . 5001?201 G Ancistrosyllis 
233 . 5U01220102 Ancistrosyllis hartmanae 
234, 5001?Z0143 Ancistrosyllis jonesi 
235 . 5001220105 * Ancistrosyliia papillosa 
236 . 50012202 G Siaan+bra 
237, 9001220201 4igan+bra tentaculata 
238 . 5001220203 Siqambra wassi 
239, 5001220502 * Syneimis albini 
240 . 500122472 * Parandalia ocularis 
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241 . 500123 3yllidae 
242, 5001230302 Syllis 4racitis 
243, 50012307 G Fxoqone 
244, 500124 Nereidse 
245, 5001240103 Ceratonercis irritabilis 
246, 50012404 G Nereis 
247, SU01?40414 Nereis succinea 
249, SU01?40414 * Nere1s false 
249, 5001240603 * Ceratocephele cf . C, loveni 
250, SOQ12499 ? Nereidae !3 
251 . 5U01250114 raephtys hutera 
252 . 500125115 Neohtys incise 
253, 501250116 Neahtys ma9ellan9ca 
?5V, SUO1?50117 Nephtys oicte 
255 . SU01?50303 Aglaophamus verrilli 
256 . 90012602 G Sphaerodoropsia 
257 . 50012701 GlYCera (polychaeta) 
258 . 5001270104 G1vcerA americana 
2.59, 500128 Goniadidae 
260 . SUn1280104 Clvcinde solitaria 
261 . 5041280106 * Glvcinde nardmanni 
262 . 500128022 Goniede maculate 
263, 5001280246 * Goniada teres 
264, 900129 [tnurah i dae 
265 . 504129010-1 Onuphis eremite 
266, 5001?9c11070 1* Onuqhis Premita oculata 
267, 5001?90112 * flnuphis nebulosa 
268 . 5U012902n1 Diopatra cuprea 
269, 500130 Eunicidae 
270, 5001300201 Marphysa sanquinea 
271 . 5001304202 Marphyae belli 
272 . 5001300204 * Warphysa aransensis 
273 . 50013101 r. lumbrineris 
270, 5001310113 Lumbrineris tennis 
275. 5001310204 Ninoe nigripe!s 
?76 . 5001330103 Drilonereis longs 
277, 5001330107 * Orllanerei4 cf, D. filum 
278 . 5001330201 Arabella irricelor 
279, 500136 norvilleiaae 
280 . 50013601 * SchiatoTerinooa 
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281 . 5001360102 Dorvilles caeca 
282 . 5001360104 3 3chistaMeringos ruciolphii 
283 . 5001360107 * Schiatomerinaos cf . S, caeca 
284 . 5001360148 * Darvillea sociabilis 
285 . 5001110 Orbini idae 
286 . 5001400105 * NavloscolaDlos fragilis 
287, 5001400203 Naineris laeviqata 
288 . 5001400303 Scoloplos trayilis 
?_8q . 5001400307 * Scoloplos ruhra 
290 . 50(1141 Parson i dae 
291 . SUOM0102 Aeciicira belQicAe 
292. 50014102 G Aricidea 
293 . 5001410201 Aricidea suecica 
294, 5001410211 Aricidea cerruti 
295, 5001410214 * Aricidea tranilis 
296, 500141031 Paraonis gracilis 
297 . 5001410601 Cirrophorus lyriformis 
298, 5UO1U3 Spionidae 
299, 5001430201 t.aonice cirrata 
300 . 50014304 G Polydora 
301 . 5001430402 Polydora socialis 
302 . SOA1430411 PolYdora ligni 
303 . 5401430502 Prionospio cirritera 
304, 5001u3050~1 Prionospio pvgmaea 
305. 5001430508 PrionosDio cirrohranchiata 
306, 9001430510 * Prionospio cristata 
307 . cOOIUSOSlI x Prionospio days 
308 . 5001430706 Spio pettihoneae 
30Q . 5001n508 6 Hoctardia 
310 . SOO1430806 8occardia hamata 
311 . 5401431401 SpioAhanes bombyx 
312 . 5001431403 * Malatoceros vanderhorsti 
313 . 5001431701 Paraprionospio pinnata 
314, 5001431901 Dispio uncinata 
;15 . 5001U3?001 Scolelppis snuamata 
316, S00143?2 Aanides 
317, 9001432301 * Microspio piamentata 
318 . 500144 Maqelonidae 
319 . 500144104 Magrlona roses 
320 . 5001440106 * Maqelona phyllisae 
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321 . 500140107 * MaAelona filiformis 
322 . 5001460101 * Poecilochaetus johnsoni 
323 . 5001490101 ChaetoAterus variopedatus, 
324 . 5001490303 * Spiochaetopterus oculatus 
325, 500150 Cirratulidae 
326 . 50015001 r Cirratulus 
327, 5UO1SUOlOS * Cirratulus cf, C . hedgpethi 
328, 9001500106 * Cirratulus hed4pethi 
329, SUO150n304 TharYx setiqera 
330 . 50O1500307 * Tharyx marioni 
331 . 50015004 G Cnaetozone 
332 . 5001500401 Chaetorone setesa 
333 . 50015001 ~ Timarete 
334, C+UO15Z01 G Coasura 
335 . 5001520103 * Cossura delta 
336, 50015404 niplocirrus 
337, 50015N(1203 * Armandia ani 1 is 
338 . SUn15H0204 * Armandia maCulata 
339, 5001590101 Sternaspis scuteta 
340 . 5001600101 Capitella capitata 
341 . 5001h00306 Notomastus lateriteus 
342, 5001600307 * Notomastus hemipodus 
343 . 5001600402 * Mediomastus catiforniensis 
344, 500163 Maldanidae 
345 . 5001630103 * AsYchis eiontiata 
346 . 50016302 G C1Ymenella 
347, SU01630202A1* C1Ymenella torauata calida 
348 . 50016302f!3 Clymenplla zonalis 
349, 5001303 G Maldane 
350 . 9001640102 Owenia fusifarmis 
351 . 5001640302 * Myriowenia californipnsis 
352, Su01640303 * MYriowenia Cf, M, californiensis 
353, 5001650202 Sehellaria vul4aris 
354, 5UO1bSO2c1201* Sabellaria vuloaris beautortensis 
355 . +Olllf+b(130? Pectinaria gouldii 
356 . 500167 amphareticiae 
357, SUO1b1nZ G Amroharete 
358, 50nl670?.08 Amaharete acutifrons 
359, 500167211 t Amahorete emericana 
360, 5001670504 Melinna maculate 
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361 . SOOlbB Terebellidae 
362 . 5001680206 +~ Eupolymnie Crassicormis 
363 . 5001680701 Piste cristata 
364, 5001680707 Pista nalmata 
365, 9001660804 PolYCirrus eximius 
366, 5001682001 LoiTia medusa 
367 . 500168?002 * Loimia viridis 
368, 5001bH?203 * Terebelta rubra 
36q . 50016823n1 Amaeana trilobata 
370 . 5001690101 Terebellides stroemii 
371 . 900170 Sabellidae 
37? . 50017001 G Chine 
373 . 50(1170104 Chone duneri 
374, 5001700402 Me9alomma bioculata 
375 . S0o17u11803 Sahella microphthatma 
376 . 50017016 Fahrisabetla 
377, SU017509(12 Nydroides protulicola 
378 . Si)01731301 * Pomatoceros emericanus 
379, 50(!175(11 * Grubeuiepis 
380, 5002 Archianneliaa 
381 . 50020302 * hi urodri 1 us 
382, 5002050102 * Polyaordius appendiculstus 
383 . 5004 OligochaetA 
384, 500902 Tubificidae 
385 . 5009020701 * Limnopriloides medioporus 
386 . 51 Gastropods 
387 . 5121001 G Calliostoma 
388 . 51032001 G Alvania 
389, 51032403 C, Cingula 
390, 5103?302 G Vitrinelta 
391 . 510?30203 * Vitrinella floridana 
392 . 513?3c1204 * Vitrinella helicoidea 
;93, 5103?.3(1502 * Teinestoma pervicalltim 
394 . 5103230503 * Teinostoma biscaYnense 
395, 5103310101 * Architectonics nobilis 
396, 510335 Vermetidae 
397, 51(135U0301 * Amaea mitchilli 
398, 51035302(13 * Strombiformis hemphilli 
399, 5103530204 * Strombiformia bilineetus 
400 . 503530401 * Niao aeglees 
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401 . 5103644204 Crepidula fornicate 
402 . 513640205 Crepiduls eonvexa 
403 . 5103730104 * Atlanta peronii 
404 . 51376 Naticidae 
405 . 5103760204 * Natica pusilla 
406, 510376(1407 PoliniCes duplicatus 
407 . 5103760501 Sinum perspectivum 
BOA . 5103770101 * Sconsia striate 
409, 510378 Cymatiidee 
410 . 51037802 * Cymatium 
411 . 510378A3A1 * Distoraio clathrata 
412, 5103A04101 * TonnA Wee 
413. 510501 Muricidae 
414, 510501e2 c ncenebra 
415. 510501080101 Thaia haeanastoma floridana 
416 . 5105011001 * Murex fulvescens 
417 . 51543 Pyrenidae 
418, 5105030303 * Anachis obese 
419, 5105(130501 * Nassarina qlYpta 
420, X145040401 * Cantharus canceilarius 
421 . S10S(140501 * Aniillaphos candei 
422, 5105070104 * Busycon tontrarium 
421 . 510507010501* Rusycon perversum Dulleyi 
424, 510507010601* Rusycon spiratum plaaosum 
425, 5105801 G Nassarius 
426 . 5105080106 * Nassarius acutus 
427 . S10SOy0201 * FasCiolaria lilium 
429, 5105094301 * Pleuroploca qiAantea 
429, 5105100201 * Oliva saYana 
430 . S1051b0301 * Coamioconcha calti9lypta 
431 . 51062 Turridae 
437. 51060211 * Kurtzie!lla 
433 . 510621201 * Polystira tellea 
434 . S106021202 * polystira albide 
435 . 51(1602Q8 ? TurridAe C 
436, S1060299 ? Turridae 6 
437 . 510603011 * Conus austini 
438 . 5106030102 * Conus tlarki. 
439 . S106040101 Terebra dislocate 
440 . 5108001 G Idostomia 
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441 . 5108010199 ? Odostomia C 
442 . 51080102 G Turbonilla 
443 . S1A8010212 * Turbonilla cf, T . portoricana 
444, Si0H0102Q9 ? Turbonilla 
445. 51100101 G Acteon 
446. 5110010101 Acteon punctostriatus 
447. 5110010102 * Acteon candens 
448, 5110040104 * Acteocina canciei 
449, 5110040401 * Cylichnella bidentata 
450, 51100501 G Philine 
451, 5110n5n106 * Philine saqra 
452, 5110130201 * vplvulella persimilis 
453 . 5110130202 * Volvulella texasiana 
454, 5110130203 * Volvulella recta 
455, 5110130301 * PYrunculus caelatus 
456 . 5113020106 Cavolina longirostris 
457 . 511y020201 * Williamis krPbsii 
458, 911412 Planorhiclae 
459, 51?602A302 * Pleurobranchaea hedqDethi 
460 . SS Rivalvia 
461 . 552020207 * Nucula cf, N, aroxima 
462, 550204 Nuculanidae 
463 . S5A2f1u0204 Nuculana acute 
464, SS02040213 * Nuculana concentrica 
465 . SS0zWSlv * Yoldia soleneides 
066, 550601 Arcidae 
467, 55060102 G Anadara 
468 . 5506010201 Anadara transversa 
469 . 5506010202 Anadare ovalis 
470 . 5506010203 * AnadarA baughmani 
471, 550b010301 Noetia ponderosa 
472 . 55060199 ? Arcidae A 
473 . 55070105 G DacrYdium 
474 . 5507011301 * lithopha4a bisculate 
475 . 550702 Pinnidae 
476 . 550702011 * ptrina seminude 
477, 55090511(11 * Amusium caapyraeum 
478, 5509100104 * Lima locklini 
474, 55100202(12 Ostrea equeatris 
480, 551501 Lucinidae 
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481 . 5515010142 * Parviluclne multilinesta 
q8?, 5515010401 * Anadontia albs 
483, 5515010501 * l.inga amiantus 
484, 551502 ThYasiridap 
485 . 5515020311 Thyasira pY9maea 
486, 551505013 * Diolodante soror 
487, 551501 * Lasaeidae 
yBA, 551501q9 ? Lasaeidae A 
489, 551S0998 ? Leotonidae 8 
490, 55150999 ? Leptonidae A 
491 . 551511A101 * Planktomva henseni 
492 . 551520012 * Crassinella lunulata 
493, SSiS?2 Cardiidae 
494, 9515220402 * Laevicardium laeviqatum 
X95 . 5515250301 Mulimia lateralis 
496, 5515?5051 * Raeta plicatellb 
uq7 . 5515290202 Soten viridis 
498 . 551531 Tellinidae 
499, SS1S3101 G Macoma 
500 . 551510121 * Macoma taqeliforMia 
501 . 5515311?2 * Mecoma PulleYi 
502 . 55153102 G Telling 
503 . 551510206 * Teliina versicolor 
504 . SS1S3102(18 * Telling cristata 
SOS . 5515310209 * Telline aenuistriata 
506, 551531341 * Teilidera cristata 
507 . 5515350201 Abra aequalis 
508 . 9515370201 * Mytilopsis leucophaeta 
509, 551547 Veneridae 
510 . S515470901 nosinia discus 
511 . S515U7110101* Mercenaria mercenaria texana 
S1?, 5515471202 * Pitar cordatus 
513 . 551S4714 * Chione 
514, 5515411401 * Chione C1enchi 
515 . 5515U71499 ? Chione A 
516, 55154711301 * Agriopoma texasiana 
517, 55154119 * PeriqlYpta 
518, 5515ua petricolidae 
519, 5515480102 Petricola pholadiforn+is 
520 . 5515510102 * Chama con9reqata 
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521 . 5516410101 +~ Varicorbula operculata 
52? . 551702 Corbulidae 
523 . 5517020241 Corbula contraCta 
524, 551tin10301 CYrtopleura costata 
525, 5518010401 Barnea truncata 
526, 5518010801 +~ .iouannet i a vui 1 1 i nqi 
527, 5519 Bivalvia snomalodesmata 
528 . 5520020109 + Pandora bushiana 
529 . 55?U05020601* l.yonsiA hyalina floridana 
530, 55200101 G Perinloma 
531 . 55200701(16 * Perinloma Cf . P, orbiCUlaris 

532 . 55?OQ8 ThraCiidae 
533 . 5520080301 * 8ushia eieqans 
530, 5520090105 * Poromya rostrate 
535 . 55?01001 G Cardiomya 
536 . 55201103 * Verticordia 
537 . 5597 ? 8ivalvia #3 
538 . 5548 ? Bivalvia #2 
539, S706010102 L.oliao pealei 
540 . 5706(110201 Lolliquncula brevis 
541 . 570801202 * Octopus vulgAris 
542 . 5922 Acarina 
543, 6108 A Cladocera 
544, 6110 Ostracoda 
545 . 6111 A MyodoCOPa 
546, 61110298 ? Cypridinidae ti 
547 . 61110302 * Asteropelia 
548, 6111401 Sarsitlla (ostreCOda) 
549 . 6111040103 * Sarsiella disparalis 
550 . 6111040104 * Sarsiella gectlesoni 
551 . 6111040199 ? Sarsiella C 
552 . 6111050301 * Fuconchoecia chierchiae 
553 . 611107 Philomedidae 
554, 6111070101 * Harbansus paucichelatus 
555, 6113 A Podocopa 
556, 61130901 * PterygocYtheris 
557, 6113110101 * ProtocYtheretta daniana 
558 . 611313 Cytheruridae 
559, 61131901 G Loxoconcha 
560 . 6113190103 * Loxoconcha sarasotana 
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561 . 61131902 G CytheromorPha 
562 . 61132001 6 Paradoxostoma 
563 . 61132003 * Pellucistoma 
564, 61132501 * Actinocythpreia 
565 . 6113250201 * Fchinocythereis qarretLi 
566, 61140101 * Cytherella 
567 . 6117 Gooepoda 
SbA . 6118 A Calanoida 
569, 61180401 G Paracelanua 
570, 611840102 Paracatanus cressirostris 
571, 6118040105 * Paracalamus eculeatus 
572 . 6118170104 Cemtropaaes furcatua 
573, 61181902 G Pseudodiaptomus 
574, 6118200304 Temora turbinata 
575 . 61182901 G Acertia 
576 . 6118290104 Acartia tonsa 
577, 6119 A Herpecticoida 
578, 6119040101 +~ Lonqipedia helgolandica 
579 . 611909 Ectinosomidae 
580, 6119090101 Microsetella norvenica 
581, 61190902 G Fctinosoma 
582. 61190903 pseudobradYa 
593 . 6119090301 * pseudobraava hirsute 
584, 61190904 * Flal ett i nosoma 
585, 611910 Harpacticidae 
586, 61191.003 * Tiaropus 
587, 6119100401 * Zausodes arenicolua 
588 . 61191102 * Peltidium 
589, 611913 Tisbidae 
590 . 6119140101 Futerpine acutifrons 
591 . 611915 Laophontidae 
592 . 6119150i G ParalAOphonte 
593, bllq150103 * Paralaophonte pacifita 
594 . 6119150201 * I.aophonte tornute 
595 . 61191503 * Normanella 
596, 611915031 * Normanelia mucronata 
597, 6119150302 * Normanelta serrate 
598 . 6119150303 * Normenelta confluens 
599, 611918 Ameiridae 
600, 61'191801 Nitocra 
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601 . 61191802 * Amei ra 
602 . 61191803 * Pseudameira 
603. 6119180301 * PseUdameira perplexa 
604, 611927 Cletodidae 
605 . 6119?701 G Gletades 
606, X119?IA101 Cle!todes longicaudatus 
607 . 6119270102 * Cletodes dissimilis 
bOA . 6119?101034 1* Cietodes limicola limicola 
609, blt9?7010u * Cletodes tPnuipes 
610, 6119?.70105 * Cletodes latirostris 
blt, 6119270106 * Cletodes carthaginiensis 
612 . 61192702 * Fnhycirosome 
613, 6119270201 * Enhydrosoma lonqifurcatum 
614 . 6119270Zn2 * Fnhydrosama Aropinquum 
615 . 6119?70203 * Enhydrosoma uniarticulatum 
616, 6119?.7(1204 * Enhydrosoma hopkinsi 
617 . 6119270Z05 * Fnhycirosoma sarsi 
618 . 6119?70z06 * Enhydrosoma lacunae 
619 . E+1t9270299 ? Fnhydrosoma A 
620, 61192703 ~ Enhydrosome)la 
621, 611926 niosaccidae 
622 . E+1192804 G Amphiascus 
623 . 6119?80402 * Amphiascus minutus 
624, 61192806 * Naloschizopera 
625 . 6119?_801 * Robertgurneya 
626, 61f928n101 * Robertqurneya eceudata 
627 . 6119?i30702 * Robertqurneya roatrata 
628, 6119280703 * Rohertgurneya ilieverensis 
629, 61192n07n4 * Rohertc7urneya diversa 
630, 61192808 * SChitopera 
631, 6119?8(19 * Stenhel is 
63?_ . 6119Z809Q10 1* Stenhelia longicaudata finmerchica 
633. 6119280902 * Stenhetia mastigochaeta 
634, E+1192t30903 * Stpnhetia unisetasa 
635 . 6119280904 +r Stenhelia reflexa 
636 . 6119281001 * Typhlamphiascus lamellifer 
637 . 61192E31 1 * Pseudomesochra 
638. 61192901 * MesoChra 
63Q. 6119?9101 * Meaochra iilijeborgi 
640, 6119310401 * Diarthrodes dissimilis 
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641, 61194 * Tetragonicipitidae 
642, 61193401 * TetrsqoniteDs 
643. 6120 A Cyclapoida 
b44. 61200103 G Ontaea 
b45 . 6120010312 Clncaea venusta 
646, 61?OO4A1 G Corycaeua 
647. 61200501 G Frqaailus 
648 . 6120050105 * Erqasitus versicolor 
649, bl?U050106 * Erqasilus n+eoaceros 
650, 61?u064102 * Nemieyclaps americanus 
651 . 61200602 Saphirella 
652 . 6120090109 * nithona colcerva 
653 . 612018 Sabelliphilidae 
654, 61zU?.001 * pseudanthessius 
655 . 61230101 G Caliaus 
656, 61340201 G Halanus 
657, 6151 A MYsidacea 
658, 6193012101 Mysidopsis bigelowi 
659, 6153012102 * Mysidopsis furca 
660 . 61531?401 * promYSis etlantica 
661 . 615301251 * Tephromysis louisianae 
667, b1530126 * Sirielia 
663, 6154 A Cumacee 
664 ._ 6154010105 lamprops quadriplicata 
665 . biS4n40213 * Fudorella n+onodon 
666, 6154050801 OxYurostylis smiths 
667, b1540701 C Campylasnis 
668, 61540902 G Cyclaspis 
669, 6154090202 Cyclasvis varians 
670 . 6155 A Tanaidacea 
671, 6198 A Tsopoda 
672 . 61580101 * Apseudes 
673 . x+160 Peracarida isopoda anthuridea 
674, 610001 Ant hug i cfi+e 
675 . 6160010701 * Xenanthura brevitelson 
676 . 616 A Ftabellifera (isoPoda) 
677 . 6161060601 * Nerocila acum ;nsta 
678 . 61620 Icioteidae 
679 . 61b20207 G Edatea 
b80 . 61620208 G Pemtldotee 

252 



TABLE A2 (Cont'd) . 

681, 61650406 G ProbopYrus 
6A?, 6168 A Amphipoda 
683, 61690201 f AmQelisca 
684 . 6169020108 AmAelisca abdita 
685 . b1bg02(1110 amr)gtiaca verritli 
686 . 6169020111 Ampelisca agassizi 
687, 6169020116 * Amcelisce cristodes 
688 . 61690211! * Ampelisca neopolitanus 
689, 6169302 Amphilochus 
690, 61690603 G Lembos 
691, 6169060303 lembos smithi 
69?_, 6169060304 * lembos brunneomaculatus 
693 . 616915 Corophiid2P 
694, 6169150102 Cerapus tubularis 
695, 61691502 G CoroAhium 
696 . X+169150201 Coroohium acherusicum 
(,97, 6169150302 Ericthonius brasiliensis 
698 . 6169150703 Unciola irrorata 
699, b]6y150y41 * Grandidierella bonneroides 
700, 6lby?1040z * Erionisa incisa 
701, 6169220605 * Acanthohaustorius ct . A, millsi 
702 . h1b9221303 * Pseuciohaustorius americanus 
703 . 61692602 G Photis 
704, 6169?60211 * Photis macromanus 
705, 6169260299 ? Photis B 
706, 6169330301 Listriella barnardi 
707, 6169330399 ? Listriella A 
708 . &1691414 G H i ppomecion 
709, 616937 nedicerotidae 
710, t+1by370F}?0 Monoculocles ectwardsi 
711, 6169311401 SynChelidium americanum 
712 . 6169080703 * Parametotaella texansis 
713, 61694810 G Stenathoe 
714 . 6171010901 paracanrella tennis 
715 . 6175 A becapoda (arthropocla) 
716 . 617701 Penaeidae 
717, 6177010101 Penaeus aztecus 
718 . 617701010101 PenaPUS aztecus a2tecus 
719, 6177010102 Penacus ciuorarum 
720 . 6177010103 Penaeus setiferus 
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721, 61770102 G TraChYpenaeus 
722, 6177010201 Trachypenaeus constrictua 
723 . 617710202 * TrachYpenaeus similis 
724, 6177010301 * Sicyonia brevirostris 
725 . 6177010302 * SicyQnia dorsalis 
726, 6177010501 * Paraptnaeus l4ngirostris 
727 . 617701601 * Solenocera vioscai 
72E+ . 6177nlObOZ * Solenocera atlantidis 
724 . 6177010101 Xiphopeneus kroyeri 
730, 61772 Sergestidae 
731, 6177020101 Acetes americanus 
732, 617702010101 Acetes americanus carolinae 
733 . x+179 A Caridea 
734 . 61790502 L.eptochela (decapoda) 
735, 6179050202 * Leptochela bPrmudensis 
736, 6179115 * periclimenes 
737 . E+17914 Alnheidae 
138 . 61791401 G Alphpus 
739, 6179140103 * alpheus floricianus 
740, 6179140104 * Alnheus amblYonyx 
741, 6179140301 * Automate cf, A, rectifrons 
742 . 6179140302 * Automate evermanni 
743 . 61791404 * Alnheopsis 
744, h179t5n1OZ Oyyrides limicola 
745 . 6179160602 * Latreutes Parvulus 
746, 61791701 * Processa 
7117, 617y1701(11 * Processa bermudensis 
748, E+17y170102 * °rocessa hemohilli 
749, 6180010101 * Stenopus scutellatus 
750 . 6183 A Anomura 
751 . 61R3040102 11po9ebie affinis 
752, 61830402O6 * Callianaasa biformis 
753 . 613040301 fi Gourretia latispina 
754, 618306 Pacauridae 
155, E+1R3060103 * Paquristes oxyophthalmus 
756, b1K30602 G Paaurus (decapoda) 
757, 6183060232 Paqurus pqllicaris 
758, 6183060235 * Pagurus hrevidactylus 
759 . 6183060236 * Paqurua bullisi 
760 . 6183060237 * Paqurus bonairensis 
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A01, 6189020901 Rhithropanopeus hsrrisii 
802, 6189021101 * Menippe mercenaria 
803 . 61R90212 * Pilumnus 
AUU . 618901301 * Pseudomedeus aqassizi 
805 . 6189021401 * Eucratodcs aqassizi 
806, 618905 Goneplscidae 
807, b1890501 * Goneplax 
ROR, h1R905n2o1 * Speocarci.nus lobatus 
809 . b189n50301 * Chasmocarcinus mississipoirnsis 
810 . 61R9nS0401 * flYptoplax smithii 
811, 61RynSn501 * Frevillea barbata 
A1?, bIRyn5Ob01 * Pseudarhombila Quadridentata 
813 . 61890b04 G Pinnixa 
514, blR90hOS * Paraninnixa 
915 . 6IR9060S01 * Parapinnixa hendersoni 
816, 6191 Stomatopoda 
817, 61910101 G Squilla 
818, b191010101 Squilla empusa 
819, 619110102 * Squilla chvaaee 
820 . b1910101O3 * Squilla surinamica 
921 . 71 Sinuncula 
822 . 7?000201 C Golfingia 
823 . 7200020106 * Goltinaia bulbosa 
Rzq, 7200020107 * Golfinqia trichocephala 
825 . 7200020108 * (=olfinaia pellucida 
926 . 72000202 Onchnesoma 
827, 720000401 Phascolion strombi 
928 . 7200030101 * AspidosiAhon albus 
829 . 7200030102 * Asaiciosiphon spinalis 
830, 700030143 * Aspidosiphon cumingii 
831 . 73 Echi urA 
832, 730102 E'chiuridae 
833 . 73020101 Urechis 
834, 7700010203 Phoronis architecta 
835, 78 Ectoprocta 
836 . 701 Gymnolaemata 
$37, 784 GymnolaeMata ctenostomata 
838 . 7dObOl(11 G Aeverrillia 
839, 7814 A Cheilvstomata 
940 . 7415040402 * Cupuladr9a biporoaa 
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841 . 7815040403 * Cupuladria donna 
842 . 781515(1202 * Discoporella dome 
843 . 7!l1S15A203 * Diacoporells umbellata 
844 . 713152501 r, Auqul a 
A45 . AO Brachiopods 
846, R00e01Q1 * Lingula 
847 . 8104 Asteroidea 
AyA . 8106010303 * Psilaster cassiope 
849, 8106014502 * Astropecten duplicatus 

?p nphiuroidea 
851 . 8129020241 * nphiACtia savignyi 
852 . 8129020301 * Hemipholas elongate 
853, R1?y03 Amohiuridae 
854, 812903012 Amvhiociia atra 
g55 . R17y030105 * Amnhiodia trychna 
856 . 8129n309 G Amohionlus 
857, A129o309Q2 * Amohioplus Coniortodes 
958 . 8163020101 * Schi2aster orbignyanus 
N59 . X170 Holothuroidea 
860 . 8172040301 * ParaDhyllophorus Darvus 
861 . 8172060303 * pentamers Autcherrima 
86? . A178010204 * Leptosynapta multiPora 
863 . 81780103 G Protankyra 
$64, R17d020103 Chirodota laevis 
865, R17901n103 ~ Molpadia cubana 
866 . 8201 FnteroAneusta 
867 . 82010201 Ralanoqlossus 
968 . 8202 PtProbranChia 
869, 8401 Ascidiacea 
R70, Ru(1bOlOS10 ~ Stvela plicata 
871, 80130101 G Qikopleura 
872 . 8500010101 Kranchiostoma caribaeum 
873 . 8713040133 Raja texana 
974, 8717 Osteichthyes 
875 . 8740 A Ancauilliformes 
976, 8741020L01 Neoconoer mucronatus 
877 . 8741080102 Hoplunnis macrurus 
878 . A7u1120302 Congrina flava 
879 . 8741120501 Paraconger ceuditimbatus 
880, 8741134802 MYrophis punctatus 
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881 . 874117 DysoMmidee 
882. 874701 Clupeidae 
883 . 8747010403 Rrevoortia patronua 
884 . 8747010502 Dorosoma petenense 
885 . 8147010601 Etrumeus tires 
886 . 8747011003 Sardinelia anchovia 
887. 8747020201 Anchoa h'psetus 
888, 8747020202 Anchoa mitchilli 
989, 8747020206 AnChoa nasuta 
890 . 9747020304 Anchoviella perfasciata 
891 . 876202 Synodontidae 
992 . 8762020101 Synodua loetpns 
893 . 876202010 SYnodus poeyi 
894, R7b?.0203A1 Saurida brasiliensis 
895, 8177180101 8aqre marinus 
996, 8777180202 Arius fetis 
897 . 878310106 porichthys porosissimus 
898, 8787020203 4ntennerius radiosus 
899, 97970401 G 09cocephalus 
900, A7870u010b Ogcocephalus radiatus 
941 . 8787040341 Halieutichthvs aculeatus 
902 . 879102011 Rreymaceros atlanticus 
903 . 81q10S10QS Urophycis cirratus 
904, RIQ1031007 Urophycis flaridanus 
905 . 8742010'101 8rotula harbata 
906 . 8192010504 lepophidium qraellsi 
907, 8826010606 Scornaena calcarata 
908 . R8260201n4 Prionotus tribulus 
949, 8826020113 Prionotus ophrvas 
910, 8826020114 Prionotus Paraletus 
911 . RES26020118 Prionotus ruhio 
91? . R8?6020171 Prionotus stearnsi 
913 . 88352 Serranidae 
914, 86150e0305 Centropristis philadelnhicus 
915, 5835021002 Diplectrum tormosum 
916. 8835021005 niplectrum bivittatum 
917 . 8835022302 Serranus atrobranchus 
918 . 8835022308 Serranus phoebe 
919, 8835170101 Priacanthus arenstus 
920 . 8835?60101 Rachvcentron cansdum 
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921 . 8835280102 trachurua lathami 
422 . 8835280302 Carenx fusus 
923. 8835?80401 ChlorosCOmbrus chrysurus 
924 . 8835281001 Vamer setaqinnis 
925. R83528120z necapterus punctatus 
926 . 8835360107 Lutjanus csmnechanus 
927, 8835360112 lutjanus sYnagris 
928 . 8B1Szb0501 Rhomboplites aurorubr_ns 
929, Rb35360701 Pristicomoides aquilonaris 
930, An35390102 Eucinostomus gula 
931, 8835400101 Naemulon aurolineatum 
932 . 8835430102 Stenotomus caprinua 
933 . 8835030201 I_aqodon rhomboides 
934, 8835440103 CYnoscion nothus 
935, 8835440106 Cynoscion arenarius 
936 . Rti3SU403(11 Rairdiella chrYSUra 
937, 9635440401 Lei4stomu5 xanthurus 
938, 9835440501 L.arimus fast+akus 
939 . 8835440601 Menticirrhus emericanus 
940 . 8815440701 Micropogon undulatus 
941 . FtH354u08(11 Pogoni as cromi s 
94?_ . A815441001 Stellifer lanceoiatus 
943 . R83Su41.20b Equetus umbrosus 
944, 88355Z(1101 Chaetodipterus faber 
945, 8838010101 Polydattylus octonemus 
446, R640(12(1102 LOnchopisthus 1 indneri 
947, A$U0140341 KAthetostoMa albigutta 
949, 884701 Gobiidse 
949, 8847010501 Gobionellus hoieosoma 
950 . 86470107 G M ;croqobius 
951 . 8847011201 GQhioides broussonneti 
952 . 8847011601 8ollmannia communis 
q53 . 8850020201 Trichiurus lepturus 
954, p85U030301 3combpr japonicus 
955. A850030541 Scomberomorus cavaila 
956 . 8891030102 Peprilus paru 
957, 88510 .30104 PePrilus burti 
958, 88513 Aothidae 
959, F_t857030110 Citharichthys spilopterua 
96(1 . 8857030201 Etropus crossotus 
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961 . 8857030304 Paralichthys lethostiyn+a 
962 . $857030503 Ancylopsetta dilecta 
963 . 8857030506 Ancytopsetta quedrocellata 
964, 9897030601 Cyclopsetta chittendeni 
965, 8651031301 Syacium aunteri 
966 . 9857031404 Trichoosetta ventralis 
967 . 8858010303 Gymnachirus tezae 
968 . A8Sd0201 G Symphurus~ 
969, 8858020101 Symphurus plagiusa 
970, 885802012 Symphurus civitatus 
971 . 9860020201 Balistea capriscus 
972 . AK610101(11 laaoceohalus laevi9atus 
973 . 8861010210 Sphoeroides parvus 

260 



TABLE A3 . List of taxonomic additions in the taxa . 

CODE TAXA 

34502901 * Alveolophragmium 
3450560106 * Textularia mexicana 
3452140117 * Quinqueloculina lamarckina 
3452140303 * Triloculina tricarinata 
3452140510 * Pyrgo Nasuta 
3453030407 * Dentalina albatrossi 
3453420112 * Bolivina simplex 
3453540106 * Rosalina floridensis 
3453540302 Epistominella vitrea 
3453540602 * Discorbis nitida 
34545201 G Virgulinella 
34545202 G Fursenkoina 
3454570110 Cassidulina crassa 
3454650201 Melonis pompilloides 
5001230701 Exogone dispar 
5001280203 Goniada cf G . brunnea 
50012804 * Ophioglycera 
5001360102 S Schistomeringos caeca 
5103640207 Crepidula plana 
5103640210 * Crepidula maculosa 
51060296 ? Turridae D 
51060297 ? Turridae A 
5108010198 ? Odostomia A 
5108010297 ? Turbonilla C 
5108010298 ? Turbonilla A 
5134040101 * Scyllaea pelagica 
550202 Nuculidae 
5515020399 ? Thyasira B 
5515210120 Macoma tenta 
5515471401 * Gouldia cerina 
5520080102 * Astenothaerus hemphilli 
56000101 G Dentalium 
61131701 G Leptocythere 
6119150104 * Parataophonte subterranea 
6119150304 * Normanella minuta 
6119180101 * Nitocra reducta 
6119270107 * Cletodes spinulipes 
6119270108 * Cletodes millerorum 
6119280601 * Haloschizopera junodi 
6119280999 ? Stenhelia A 
6119281201 * Parameiropsis rapiens 
6161060501 * Cymothoa excisa 
6169030203 * Amphilochus neapolitanus 
6169330303 * Listriella quintana 
6179110101 Leander tenuicornis 
6179160601 Latreutes fucorum 
6183060238 * Pagurus criniticornis 
61830611 * Solenopagurus 
6187011002 * Collodes leptocheles 
6187011601 * Metaporaphis calcarata 
6189010101 Arenaeus cribrarius 
6189010602 Portunus sayi 
812903062 * Ophiophragmus pulcher 
8741120303 Congrina gracilior 
8826010607 Scorpaena dispar 
88260201 G Prionotus 
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TABLE A4. List of taxonomic concctioas in the taxa . 

ORIGINAL IDENTIFICATION IDENTIFICATION CHANGED T0 : 

CODE TAXA CODE TAXA 

34503001 G Haplophragmoides 34502901 * Alveolophragmium 
3450450105 * Textularia mayori 3450450106 * Textularia mexicana 
3450460101 * Siphotextularia 3450450201 * Bigenerian irregularis 

affinis 
3452104001 * Quinqueloculina 3452140303 * Triloculina tricarinata 

polygons 
3452140115 * Quinqueloculina 3452140117 * Quinqueloculina 

poeyana lararckina 
3452140508 * Pyrgo carinata 3452140510 * Pyrgo nasuta 
3452540105 * Rosalina bertheloti 345354.0106 * Rosalina floridensis 
3453030105 Lenticulina pere- 34530301 G Lenticulina 

grins 
3453030802 * Frondicularia 3453420112 * Bolivina simplex 

compressa 
3453031004 * Nodosaria albatrossi 3453030407 * Oentalina albatrossi 
3453420111 * Bolivina spinata 3453420110 * Bolivina striatula 
3453420201 * Brizalina fragilis 3453420110 * Bolivina striatula 
3453460203 * Bulimina elgans 34545202 G Fursenkoina 
3453480104 * Uvigerina bellula 34545202 G Fursenkoina 
3453540104 * . Rosalina floridana 3453540106 * Rosalina floridensis 
34535403 G Epistominella 3453540302 Epistominella vitrea 
3453540601 * Discorbis squamata 3453540602 * Discorbis nitida 
3453670105 * Cibicides deprimus 3453670104 * Cibicides concentricus 
3454520201 * Fursenkoina 34545202 G Fursenkoina 

compressa 
34545701 G Cassidulina 3454570110 Cassidulina crassa 
3454610105 * Florilus grateloupi 3454610104 * Florilus atlanticus 
3454650102 * Hanzawaia strattoni 3453670104 Cibicides concentricus 
34546502 G Melonis 3454650201 Melonis pompiloides 
470307 Camacolaimidae 47030703 G Camacolaimus 
470403 Sphaerolamidae 47040301 G Sphacrolaimus 
4705 Chromadoria 470511 Chromadoridae 

desmodoridae 
470502 Micorlaimidae 47050201 Microtaimus 
47051007 Comesoma 470510 Comesomatidae 
50010801 G Paleanotus 5001080103 Paleanotus heteroseta 
5001240414 * Nereis flasa 5001240410 Nereis succinea 
5001240603 * ' Ceratocephale loveni 50012406 G Ceratocephale 
5001280202 Gonida maculata 5001280203 Gonida cf G . brunnea 
500129010701 * Onuphis eremita 5001290107 Onuphis eremita 

oculata 
5001300204 * Marphysa aransensis 5001300201 Marphyea sanguinea 
5001360102 Dorvillea caeca 5001360107 * Schistomeringos caeca 
500136104 5 Schistomeringos 5001360107 * Schistomeringos caeca 

rudolphii 
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ORIGINAL IUENTIF1CNl1UN 

CODE TAXA 
~UQ140f1105 * Haploscoloplos 

fragilis 
~0U141(l10? Aedicira belyic,af~ 
~~0015004 (~ Chaetozone 
~)0015004u1 Chaetozone setutio 
1)0015201 G Cossura 
5001600307 * Notomastus hens podw; 
50016403(13 * Myrowenia ct . M . 

californieir,i~ . 
5001682001 Loimia medw .a 
510364020/1 Crepidula 
'~1036402(l~~ Crepidula c 
510601 Turridar 
51080102 . Turbonilla 
5110G1010~~ Acteon candeii 

Nucul an i dae 
~~51` : .1~~7 ~ Tellina 

Tellina cristat ., 
Givalvia 
anomalodesnlata 

~~5ZOU1ul G Periploma 

5598 Bivalvia #2 
61191~01 ~~ Paral aophonte 

hll() l`>lI W 
6119180 ;' 
61191803 
r,1191H0301 
r! Iq7101n1 

n1 11427010301 

t)119270106 

61192703 
61192806 
61192£10903 
6161 
61b9020116 
h169020117 

n 1 692bt11 1 . 

IDENTIFICATION CHANGLU lo : 

CODE 
50010400303 

'5001410214 
50015007 
5015007 
5001520103 
5001600306 
ti(1f11640302 

"IIU I wi?~0? 
'Ius640~'1U 

1 0 ,h4U2U1 
', It ibt)?91 ? 
51Utio I10298 ? 
511()U1O1 
550202 
551'~i101 G 

I 5310301 
5!,20020109 

tih20070106 

'i~15250301 
6119150104 

Normanella serrdc" lnl1y150303 
Ameira 1611914 
Pseudameira !i,119180101 
Pseudamei ra perp I i ; h119180101 
Cletodes longicau ;119270108 
dautus 
Cletodes limicota h119270107 
limicota 
Cletodes cartha- 0119270108 
geniensis 
Enhydrosomella ;6119150304 
Haloschizopera 6119280601 
Stenhelia unisetusa 16119230999 ? 
Flabellifera t~16001 
Ampel i sca cr ktudt- 'r . 169020116 
Ampel i sca tied I)() I i ~ I ~ an";(1?~"i 
tanus 
Photis ~ : ic,`i, r . i I 
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Scoloplos fr'ayilis 

Aricidea tra(ailis 
Timarete 
Ti maret~~ 
Cdssurp url t,i 
Notoma5lw: latericew, 
Myrowen i a " al i for-
niens i ~, 
Loimid virldis 
Crepidute maculosa 
Crepidula plane 
Turridae A 
Turbonilla A 
Acteon 
Nucul idae 
Macoma 
Tellidora cristata 
Pandora bushiana 

Periploma cf . Pior-
bicularis 
Mulinia lateralis 
Paralaophonte 
suhteri anea 
Normanel l a cont 1 uenti 
Ameiridae 
Nitocra reduct,j 
Nitocra reducta 
C1 etodes mi 1 1 erorum 

Cletodes spinulipes 

Cletodes millerorum 

Normanella minut.+ 
Hdloschizoper~i ,junudi 
Stenhel is .A 
Anthuridae 
Ampel i sca . . ~ ~ ~ t odws 
Amphilochu~ ot i ;~ti1 i-
tanus 
F'hotis ma( rom+fit, 



TABLE A4 (Coat'd) . 

ORIGINAL IDENTIFICATION IDENTIFICATION CHANGED T0 : 

CODE TAXA CODE TAXA 
6169269299 ? Photis B 6169260211 * Photis macromanus 
6169330399 ? Listriella A 6169330303 * Listriella quintana 
61170210101 Acetes americanus 6177020101 Acetes americanus 

carolinae 
61791401 G Alpheus 61791404 * Alpheopsis 
6179140301 * Automate cf . X6179140302 * Automate evermani 

Aierctifrons 
61791701 Processa 6179170102 * Processa hemphilli 
6183 Anomura 6183-6 Paguridae 
6191010103 Squilla 61910101 Squilla 

surinamica 
68131302 * Albunea 6183130201 * Albunea paretii 
7815150202 * Discoporella doma 7815040403 * Cupuladria doma 
80 arachiopoda 80020101 * Lingula 
8021 Enteropneusta 82010201 Balaneglossue 
X178010204 * Leptosynapta 81780103 G Protankyra 

multipora 

TABLE AS. List of taxonomic deletions in the taxa . 

CODE TAXA 

5518010301 Cyrtopleura costata 
84130101 G Oikopleura 
551548 Petricolitae 
511512 Planorbidae 
8202 Pterobranchia 
6189020901 Rhithropanopeus harrisii 
5103230204 * Vitrinella helicoidea 
6183040301 * Gourretia latispina 
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TABLE Bl . Taxa common to meiofauna, macroinfauna, and/or macroepifauna and demersal fish with frequency of 
observation, abundance, and rank for all three cruises . 

Macroepif auna 
Meiofauna Macroinfauna & Demersal Fish 

Taxa 'Obs ZInd 3RK 'Obs ZInd 3Rk lobs ZInd 'Rk 
Ammoscal ari a vseudospi rsl i s 35 408 531 2 2 344 
Ouinqueloculina con~pts 22 193 80 1 2 400 
Lenticulins peregrine 6 qQ 137 14 49 126 
Huliminella morgani 130 77?_83 7 1 1 430 
Eponides antillarum 27 191 72 8 89 172 
Cibicides concentricus 81 3790 26 13 443 132 
Nonionella basiloba 125124755 9 1 1 432 

a h 1 t h'e mnostomat d rhebdo horina 1 4 243 1 1 434 
piatYiiaae 
Corynidae 

C 
5 

O 
18 

Cut 
152 

1 
1 

I 
15 

366 
380 

Sertular iidae 1 2 298 3 39 280 
e i i ath r' erlantheria 9 21 163 2 2 145 
C~1f18LU1148C 

tezaensis Nalythoa 
C 

24 
C 

288 
jY7 
84 

1 
2 

1 
11 

CVO 
122 . 

iaria a oe tha~t i 
62 

99 
1 3 7 294 

k~ h ~ ~ A 
25 8 2 1 

acanthus rapiformis 
Calliactia tricolor 

Cl 
6 

yi 
7 

yo 
214 

e 
It 

eT 
112 

iii 
28 

Turbellaria 73 1187 29 5 10 225 
h 67 1246 32 132 5235 2 6 12 69 
ere %tu us acteus 

Cerebratulus luridus 
ell 
5 

yv 
6 

ae 
237 

i 
1 

lo 
1 

idr 
208 

Nematode 78 1727 27 7 13 185 
i h 12 93 108 1 1 435 
~nnomoejaae 

Terschellin9ie 
139 
117 

72 
12510 11 1 2 403 

SAhaerolaimidae 2 21 190 5 5 240 
131 13764 6 4 9 251 

eNoaorhae 
Dory.laimopsis 

97 
132 

1552 
5895 

1/ 
4 

1 
42 

1 
138 

rJo 
53 

Sabatierie 
197 38042 6 63 135 Q 1 

-- --- 
2 1 
- AfSCOMeSOma 

CYatholaimidae 
65 

131 
aiv> 

15566 
» 
5 

T 
2 

T 
3 
9.5 
331 

Chon olaimidae 119 1961 10 6 8 212 
33 461 55 4 11 248 

fiiiC0m8 
Oxyatominidae 

13 
19 

11 / 
125 

1U5 
86 

1I 
1 

VY 
1 

111 
436 

Phanodermatidae 2 10 196 12 36 142 
14 115 10 6 6 217 

nc o a ~n ae 03 389 -Z 

'Obs denotes number of observations 
2Ind denotes number of individuals 
3Rk denotes Rank 



TABLE B1 (Cont'd) . 

N o. 
00 

Macroepifauna 
Mei ofauna Macroinfauna & Demersal Fish 

Taxa lobs 2Ind 'RK 'Obs ZInd 9Rk lobs 2Ind 'Rk 
Enchelidiidae 17 75 92 ~ 7 237- 
pe tohocetidae (newatoda) 

6 63 195 9 245 1 4 31 
armo oe 
Lepidonotus sublevis 

G 
9 

t 
16 

3V/ 
165 

C 
v 

2 
I1 

ly/ 
89 

Lepidonotus variabilia 3 7 285 3 7 101 
e eni 33 141 64 1 11 e7 
otYOaQ ntss luplfla 
Sthenelsis boa 2 6 212 

~ 
66 

7 
530 

tyl ' 
26 
-r --- 
5 

--T 
61 

rlV 
71 

Pseudeurythoe smbipua 1 Z 35 y 56 58i 
42 

~ 
a 

"y Lis Vliiata 

~ ss 
1 t DVS VC 

64 

136 

25 
7y 

1 
q 

G 
1 

7 
1 

129 
211 

An jonesi istrosylli 3 10 181 2 2 
i cobra t nta lets 64 428 34 125 1398 3 

Nereidae 
1 2 3u6 4~ 17v X45 2 3 135 

Ceretonereis irritabilia 38 443 59 3 6 104 
Ne s 2 4 220 103 2596 10 
Crcl S SUCC 111Ca 
Nephtys incise 17 108 91 

t4 
106 

163 
1798 

t37 
6 

a 
6 

22 
24 

Su 
63 

Glycera emericane 1 4 257 64 369 28 2 6 126 
n d'd e 5 6 238 1 1 214 

iopatra cuprea yi lsly ly 1y 341 iy 
Lun~brineria tennis 4 12 165 105 1629 8 2 5 130 
Nino nigripes 66 519 27 2 2 149 
uo lteidae 1 2 307 1 2 407 
c s omerin9os c . . caeca 
Aricidee 60 446 36 7 23 184 
Aricidea suecica 1 4 259 76 1314 19 
Pareonis qracilis 18 68 90 47 174 47 
-oIonIaee 
Polydora 

- -4 
12 

8 
370 

2 
140 2 3 136 

soc t'elis PolYdore 15 276 118 1 7 173 . 
Prionosp~o cirrifere 18 82 89 94 1312 15 

f 1 o110Sp 1 o Gay 1 
Pareprionospio pinnate 

1 
23 

o 
139 

cs9 
78 

[0 
137 

151 
23121 

/9 
1 5 15 74 

Magelona rosea 72 334 21 1 1 218 
Ma clone ph llisae 12 32 113 110 16620 5 
tharyx Tariont 

0 
31 173 58 105 1316 9 

lobs denotes number of observations 
2Ind denotes number of individuals 
3Rk denotes Rank 



TABLE B1 (Cont'd) . 

Macroepifauna 
Meiofauna Macro infauna & Demersal Fish 

Taxa lobs ZInd 3RK lobs 2Ind 3Rk lobs ZInd 3Rk 
Tessure delta 30 168 60 113 1099 4 
Armandis meculata 7 45 133 72 322 22 1 1 220 
0 omas u la ereu 

Mediomastusceliforniensis 33 280 56 97 1884 13 
7~ 

Maldanidae 6 8 213 1 2 188 
Asychis longata 47 255 46 9 134 35 
C1yTenel~a torquate calida 4G 176 57 1 1 221 
ClyTenella zonalis 22 108 91 1 1 222 
Sabellaria vul gaxis 1 112 227 1 1 457 
ATpharete acutifrons 5 20 151 62 649 31 1 1 224 
Ampharete emeriCana 16 282 93 31 4796 66 1 4 177 
lerebellides stroemii 10 26 155 8 43 47 
Sabellidae 1 4 259 14 79 123 

Hydroides protulicola 2 4 327 2 ~~ 131 
Grubeulepis 4 5 265 1 1 225 
Gaatropode 8 52 129 50 160 43 

4 
Arthitectonica nobilis 2 2 352 2 2 150 
Polinices duplicatus 17 22 114 2 4 132 
Sinum per apectivum 12 17 148 2 11 123 

Centharus Cancellarius 24 44 87 14 Iy0 Ih 
Nassarius acutus 11 34 151 2 3 137 
Olive sayene 
Cos-40C anch'+ cal{glxptA 

5 15 221 3 7 102 

Terebra dislocate 45 83 48 3 3 110 
Volvulella texasiena 1 4 261 77 412 18 
Eiivalvia 30 417 59 62 311 32 
N 
Nuculana ConCentriCe 1 4 6 84 1 4 16 
Anadara transverse 6 13 203 3 37 93 
Ansdara ovalia 6 14 4q~ 2 10 124 

PILBP COI'(~BtUS 1 1 4Y7 It 82 [4 
Chione clenchi 30 95 68 5 9 76 
Agr oma texaslana 4 27 50 7~ 7 10 58 27 r 

dap 
4 

13 j 
v 

Corbula contracta V 0 
3 

Periploma 1 2 310 1 ~ 501 
Ostr acoda 1 2 311 7 1 196 

'Obs denotes number of observations 
3Ind denotes number of individuals 
Rk denotes Rank 



TABLE Bl (Cont'd) 

Macroepi fauna 
Meiofauna Macroinfauna & Demersal Fish 

Taxa lobs ZInd 3RK 'Obs ZInd 3Rk lobs ZInd 3Rk 
HwrhwnsLs e~ wue!jehalwtus q 
PterYgocYthesis 1 4 265 6U 
lon4ipedia helgolandica 15 145 97 13 125 13p 
NalectinosoTa 62 823 35 4 10 250 

t 
Idoteidae 6 48 140 1 1 51 
Phot i s one ron~anus 27 614 76 1 1 240 
Synchelid~um americenum 1 V 282 14 64 124 
jraehy_pPnaeus . 4 4 20 83 
trathypenaeus simi 1 is ~ 1Z 

6 
1 67 17 - -147 

Le!ptoChele bermudensis 4 4 276 1 1 242 
Alpheus fioridanus 43 !34 U2 li 116 y4 3 2 

rocessa nempn~iii 1V 113 lsl 1 [ lY4 
Ps9urus (decepoda) 4 6 262 1 1 246 
Payurua pollscaxis 1 1 527 11 49 29 

wtuw enh~liticus N ~n 34 R 
ersephone crinite P 
Reninoides louisianensis 2 2 367 7 50 56 
Lei lambrus nitidua 14 19 130 19 9 2 1 3 6 

Portunus g bes 
39 Nexapanopeus psulensis 1 3 8 1 2 198 

Spsocsrcinus ~obatus 56 11~ 
36 4 U 2 3 4 108 l 

Squ lla 5 5 244 Z 3 139 
Squi 11a en~pusa 5 6 239 22 274 3 
Squilla chydaea 

8 9 304 13 
93 

0~ U9 8 1 
EC 1ura 1 2 330 7 155 179 
Cupuladria biporosa 9 1910 157 2 4975 113 
Asteroidea 1 2 331 9 3 534 8 8 6371 H 
Ophiuroidea 6 
~Ophiectis saviynyi 1 1 535 1 1 254 
Amph i odd a at ra I 44 111 50 1 1 255 
Aniahinclus saniQrtod:a 67 315 25 3 It 97 

lobs denotes number of observations 
2T7 denotes number of individuals 

3Rk denotes Rank 



TABLE B1 (Cont'd) 

Macroepifauna 
Meiofauna Mac roinfauna & Demersal Fish 

Taxa Obs Ind Rk Obs Ind Rk Obs Ind Rk 

Schizaster orbignyanua 6 9 211 1 131 163 
Molpadia cubana 1 1 537 V 10 90 
Balanoglossus 1 2 332 21 301 94 
llsteiehthyes U 287 8 88 

racgriger caudilimbatus p ;38 I -T-25-7-- 
upeidae 1 1 539 2 3 111 

Saurida brasiliensis 1 2 427 13 121 20 
Ant ennarius radiosus 1 541 R 75 49 
Bregmaceros atlenticus 22- 3~ - 

9 2 Gobionellus boleosoma 3 3 30 2 161 
ElollTannia Communls 

l i 
7 
1 

8 
1 

190 
5 3 

7 
9 

219 53 
aQ SYmnhucu: D uae 4 47 38 

'Obs denotes number of observations 
ZInd denotes number of individuals 
3Rk denotes Rank 

N v 



APPENDIX C 

Diversity and Evenness Values by Station and by Cruise . 

273 



TABLE Cl . Meiofauna diversity and evenness values by station for Cruise I. 

No . No . Evenness 
Station Label Species Individuals Diversity Pielou Hei 

780501PF05002H6 T,N 4S 1323 2 .28 .599 .200 
780501PE20002H6 T .N 58 942 2 .62 .b45 .223 
760501 PN05002H6 T .8 62 14'51 2 .85 .690 .267 
IRaS(11PNZQnn2 r, .6-T,-Ii- 0 689 2 .58_ .631 20.7_ . 
780501PS0500286 T,K 46 517 2 .71 .709 .312 
780501PS2000286 T .6 48 1301 2 .13 .551 .158 
780501PrVO500266 T,6 57 2809 2 .00 .494 .114 
7 8 0 S 111P~r20_U112 8 & -J. Ei 4.7 9 71 1 . b 5 .428 _091 _ 
7N0502PE05002R6 T,6 78 971 2,99 .685 .24U 
780502PE20002b6 T,n 61 1348 2 .83 .669 .267 
76U502PNO500266 T .(i 75 438 3 .19 .740 .31b 
ZHII 5-0-2FIN200 0Z B.6-1-.11 ;1 28 ;? 3 . Z 6 . . 7 3 4 . 2 9 8_ 
7AUSU2PSU50U2B6 T .6 71 1526 3 .18 .745 .328 
780502PS20002N6 T,8 66 1938 2 .d1 .670 .240 
780502PwU500286 T .6 59 474 2 .55 .625 .203 
ZBUS~P~ri Zl2SZQ~b b_ L~li ~ Q . _4 H 9_ 3 U R. .. . . 7 52. _3.51_ 
780503NEU5002bb T,E± 92 1112 17 2 . ,b13 .1b5 
780503PF20002ii6 T .6 83 835 2 .75 .623 .179 
780503PNO5002f;6 f .8 87 1116 1 .96 .440 .071 
7A05Q3EN2SLD_UZE36-L . 61- --261- -3 ..07.-- - . .743 3!1!L 
780503PS0500266 T .fi 93 1319 2 .65 .599 .160 
780503PS20002H6 T .8 42 1458 1 .42 .384 ,477 
790503PWO5002f36 T,n 85 1627 2 .49 ,564 .131 
IflOSG3RYi2.QUQ2b6.-1 .. . -75- --20.04- -2 .20- --.50y 10E 
78USU4PE05002Fi6 T,1i 59 3052 2 .b3 .644 .221 
780504PE20002bb T .6 54 1444 2 .1i 3 .5()9 .125 
780504Prv05uU266 T,H 54 1384 2 .61 .655 .239 
1A osuuPri?ooo?Hh L.B -60- -L4.~46- --2--35- -,574- -.-160L 
780504PS0500266 T .6 53 1393 2 .37 .596 .1tS6 
780504PS20002K6 T .Fi 59 1792 2 .12 .593 .177 
790504Pw050026h T .6 62 1351 2 .50 .607 .184 
7ROSUnPwafiQo2H b_~~t3 6 iH24 --?-. t) 3 _.b38-_ .212_ 
78U521C 2t36 T .h 50 2368 1 .115 .499 ,123 
7805?1C 2}36 T,(i 79 3273 1 .95 .447 .077 
780523C 286 T .8 
780rj?4r 286 T-H 

50 
46 

500 
SS8 

1 .97 
2-80 

.504 
-731 

.126 

.342 
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Table C2 . Neiofauna diversity and evenness values by station for Cruise lI . 

No . No . Evenness 
Station Label Species Individuals Diversity Pielou Heip 

78080-1PEO-5U b 2 Fja_ -T . 13 " --36 570 2 - *14 6 , 687- . _ - . 306 
780801Nk20002dh f .d 37 600 2 .37 .656 .269 
780K01F'NU50021i6 1 .6 31 238 2 .07 .602 .230 

T,!-s gOHO LPid? () UQ?fib 24 -lV5_~_ _2 ..41_ ._758 
- 

.44U 
- 

-_ _ 4 
RUF30]~OSUt~2iic~ T .fs 24 llb 2 .2h .716 372- , 
78U8U1PS7UOO2n6 T .d 31 3442 2 .411 .709 .347 
78u8o1Nw05002n6 T .d 33 2b1 2 .41 .689 .316 

Pj9?OoO?t~b OKU1 fS 7 - T " K- ----- 3S- --- ;51----- --2 .lb__---- --.b37--- _._ " 249- _ . _ - - 
78Ut1U2FF 05002ti6 T .8 37 244 ~ . 3O 
78U802PE2000266 T .rs 36 368 2 .35 .656 .271 
780802PN05OU2r+6 T .4 40 191 2 .3b .639 .245 

T .~s-- 78ud02pN2o0u2Hn ---3y --262 .-- -- 2,33.- -- . . .b37_._ - .245_ __ _ 
7aUH02PS(~SUDZtsb T,ES 34 198 2 .22 .631 .250 
78U8U2PS200QZtt6 T .fi 39 425 2 .30 .629 .237 
780802P,405002nb (.ti 34 17n 2 .33 .659 .280 

2U4 .. .__ ._ 
" 

2 .27 .645_.__ 
-* 

.263 .- 
78Un03FE05UU2 .ib T .K 58 1264 1 .HR . 464 ,098 
78ON03PE20OU2r+6 T .ls 48 401 1 .99 .514 .134 
7nO8U3P'VU5002d6 1 .6 70 814 2 .49 .5K4 .159 

T .~ 803f'!±20002i;6 780 91) 1 1 .65_ .40 6 . . U75 - . - 
78UR()3PS05002(36 T,t~ 43 

- -_ 
202 2 .46 

_ 
.653 .?54 

780803P52UUU21s6 T .8 26 663 1 .46 .448 .132 
78U803P405002b6 T .f3 S6 1109 2 .16 .53H ,140 
780 80 3P42 0 0 0 2d6-_T . .ti- ----.3 .1172 1 .77 

3 6 1 7NUf104Pt05002Hb T .6 57 2064 1 .15 .53 . 3 
7808U4Pt24002N6 T .H 42 1189 2 .13 .570 .181 
780804P^+05002t+6 T .B 57 2338 2 .2e .564 .157 

U z Fi 6 L-E3 8 0!1Y N12Q 0 7 8 Q S ~ Z S 1 .83 4 60 . , 100 _ _ - _ _ - - . 
78ors0uPSU5uU?H6 T .6 

- 
56 

. 
2241 

- 
2 .33 

--- .-- - 
.580 .169 

780804PS20002Ei6 1 .6 57 3485 2 .01 ,498 .116 
7808011PA05002H6 T .3 413 1979 2 .15 .555 .161 
Z ~Q~ ~) j3 ~~4_ 0_n 2 t3 6 T_, t± ~{t~ 1 351.- _ U9__- --,? 541 ._ ._ 151 _ . 
7KOHUSS~~OSoo2ESh 1,K 27 269 K02 .614 . 252 
78u8055N200U2nb T,N 30 646 1 .98 .581 .214 
780806Sfd0500266 T .ts 12 ?2 2 .19 .882 .723 
~U~6 S~~~L.i 4 n 

.2~ N 
, 78~ 
.73 

u S 3 
UZO 780KU7S'JU500?Fi 6T . K 2 2 33 , 

790807SN2000266 T .H ?6 409 1 .50 .4bO .139 
780808SNU5002.e6 T .H 34 1148 1 .33 .378 ,u85 

~i ]jip 8 08 ti" Q2 ? ~ QS ,.1.5 ,_372 ~1U3 _ 
7HUnuySrao5002Nh T .« 25 

_ 
496 1 .u2 .uu~ .131 

1908095N2oU0206 T,fi 24 59 2 .17 .b8 3 .337 
7808105rv05002rb T,6 43 390 2 .78 .739 .360 
L4.hl-0112-q2-0-0-0- Z H '4 ~_0 8 b 4 

~ 
7.. 7.8 
.'1'3 

67b 
~T26 

_ 2 5 6 
3L7- 7F~OH11SNU5002nh T,n 43 6 2 . . 

78U811S^J2o0o?E16 T :r3 51 11492 2 .57 .654 .242 
7808125NO5002Fi6 T .6 35 67b 1 .81 .509 ,151 
78 (Z81?SN2 0~202ft I , 6 2 - 1_._b2 5.2_3 192 
78o8i3sr~osoo?ub t .fi 7 u> > .i9 .blv 

u 7HOH13SN2U002116 T .K 16 35 2 .11 .762 8S 
780814SN05002fsb T .K 11 14 2.25 .932 .834 
790814SWOO OZO _b L.1 x L84 51 

f 
1 2 
b~T 780815SN05002E+6 T .N 20 2 .6 .P . 

7808155n!20002eb T .K 41 122 2 .80 .755 .387 
7808165N05002fi6 T .8 39 42h 2 .31 .b30 .238 
7+ (2fi.11iSiN a l _ 2 cab-I,_ 

' 
-5.7- 45,2 

-.-U 
7 

'906 
9_ 

.s6 T .8 78UF~17SPJUSUOZr 29 37 3 . 
~ 

784817SN7u0U?_rs6 T .+3 5 3 1 .61 1 .000 1 .000 
78UK1ASNUSUU2H6 T .B 15 33 2 .41 .b89 .722 

1 ." 18U8~r 4 
'N 

4 209 2 rah .653 2Su ~ 
780819Sn~050~) ~ibT ti 31 3~ . 6 

_. . 
. 3i . 

/8UH19SN2U00?N6 T .13 25 439 1 .76 
. 
,546 

. 
.200 

7808203Np5002H6 T .8 114 805 2 .01 .531 .150 
H9824SN' 0 0 0 54 i~ 13 7 ri5 7 14 2 .68 

2 b7 L- 
_ . - 
7noH21C 2tAh T .H 35 116 x .31 , b 5 U 
~78UH22C 2t~6 T .li 18 228 1 .v2 .49u .184 
80823C 286 T .H 7 57 19UU 1 .85 .459 ,096 

780824C >66 1-11 5 1 
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TABLE C3. Meiofauna diversity and evenness values by station for Cruise III . 

No . No . Evenn ess 
Station Label Species Individuals Diversity Pielou Heip 

901Y1PFU o 2ttti . . T ._ts- -..~T- zA .l- --2 .qb .7u9-_ ,ulu 
790101FE2000266 T .15 42 313 2 .86 .7bn .400 
74UIU1PN05002r'6 T .d 24 ~8h 2 .38 .794 .515 
IHO1_Q1.Pn~z.000 ?rlb-T,H- T ' 

-__31 
35 

3l7_ 
-?71- 

2 .61 
67 2 

.754__ 
i5t 

_ .418 
.397 .u 505002tsh 79U1U1F 

790101PS20002116 T .d u4 ?144 
. 

2 .99 
. 
.761 .391 

79010IPwOS00246 T .H 314 3bb 2 .56 .73U .368 
- T " B 1 0 1P020002B6 L40 -----5l-_ ..---- 438__ . ._2 .79_ .707 .300 -- - - . . 

790192PcU5002nb T,8 
7qOlO2FE20002F$h T .6 

32 
44 

163 
h87 

2 .50 
2 .73 

72e 
:720 

361 
332 

79ulO2PN05oO?t.i6 T .4 
q0l02R"q? Qoo2('(, 1 

36 
-- 

274 
630 

__ 
2 .h5 
P .91 

.14U 
740 

:376 
._347 _ 

qolo2P805(iO?FA6_T :H 3 34 6144 2 .57 :728 .365 
790l02PS20002ts6 T,H 31 1429 2.53 .736 .383 
790102PwO500206 1 .r 110 252 2 .58 .700 .314 
Z~90j02Pw20002Nb.__T,rs_ 

F _-__57___ 
39 _ 3S4 . __ 

- 6118- 
2 .74 

10 3 
.747 
767 

.379 
37A -- E!~S0o2eb T .b T9Ulu3 

79010:iPE1U002iib i .fi b4 1111 
. 

2.63 
. 
.b31 

. 

.203 
790103PNO5007h6 T .6 73 501 3 .15 .734 .311 
go _L03.~'N2Q90?lib_-T .~_ 

0 lu3PSO5002F1h r .~~ 
55-- . 
55 

. 194__ 
394 

3 .51 
3 .12 

.N27 ..__ 

.77n 
_ . . .490 

-.u01 
790103FS20U02H6 T .d 50 629 ? .30 .588 .1d3 
790103PWQSA024b T,N 
90103P~"+20UU2Rn T.H 

57 
74 

K86 
910-_ 

2.60 
_.2 .89 

.644 

.672___. 
.224 

_._ .7_33 _ . 
~9p1~~aPEU5u02r6 1 .ri 18 IU3 1,93 .6bA .347 
790104FE20042N6 T .H 30 1A1 2 .214 .e58 .289 
790104PNO5002tj6 T .4 4U 366 2 .57 .698 

737 
.311 
355 79s11q_4p_,A2 Oltsz2U_b-T ...N u O_1__ _ ? .79.__, . , _ _._ . 

7901Q4VS(~SOOld6 T,6 24 106 2 .71 .t~52 .60P 
790tU4PS20002Fi6 T,8 21 5h 2 .65 .b71 .659 
7QUlU/JPwOS0o7f4e T .ts 

L..d- U9Pd? (o() ?db 01 I~ 
32 
91 

2115 
135 

2.61 
3.U1_-_ 

.754 

.b11 _ 
.vUB 

__ .u82 - _ . 
79u121C 2146 f .1.l u(1 179 2 .91 .195 .452 
7QU1?2C 2fib r,d 
790123C 2N6 T .K 

31 
2U 

2u9 
35 

2,H? 
Z~ 

,7a0 
.~1 

.437 

.622 _ 

TABLE C4. Macroinfauna diversity and evenness values by station for Cruise I . 

No . No . Evenn ess 
Station Label Species Individuals Diversity Peilou Heip 

- T:H 7bU561PE05uU287 6b 3ul 1 .93 .4~5 .094 
7805U1PE20002rs7 T .ti 14 31b 2.41 .559 ,138 
780501FNO500207 T,R 71 21Q 2 .54 .595 .166 

T,n Ztiu501~N20002'_+7 n5 3Z9 t .90 455 n8q - 
78u5U1PSOS002f+7 T .N 58 

- _. 
353 

___ 
1 .86 .458 

~ 
U95- 

7e05o1PS20oo2h1 T .6 69 443 1 .52 .359 .053 
780501PwO5U02n7 T,rs 57 206 1 .42 .475 .104 
Z6.U50.1F?V1ZUG02b7__1 .13 - _53- -_132 __ _. .1 .03 .51U___ . . ..127_ 
7ROSO2PEUSU02~3-7 T .H 138 ~ilK 3 .29 .667 .1dN 
78U502PE2U00?.i37 T . ;i 97 539 2 .83 .618 .165 
780502PNU500287 f,H 131 783 3 .7.7 ,612 .196 
7.BQ502.P--42QQ .0.2r)7__T .ti- --lUb bu5___ 3 . .bt~b___ X203_ 
7HU5o2F'SU5U02b7 T,N 139 7Q9 3 .25 .b59 ,180 
7140502PS20002fi7 T,li lU5 438 2 .88 .619 .162 
780502Pr105002H7 T .B 128 830 2 .91 .600 .137 
7-8 U5U2Nr.2U0Q2H7-T,s_ 1l2 _ _535__ . _ _ _ .3 .29__ . _ _ .,b97 233 
7AUSG3F'EOSOU2b7 T .t; 
7 R7 

119 36h 
494 

3.3R 
3 29 

.7UH 
75 

.242 
199 80503PE20092 T .n 

780503PNO5002hl 1 .K 
131 
lob 273 

. 
3 .45 

.b 

.738 
. 
.2H6 

2e7 L.!s 7-OL1e5u3P hi ZOU U -139 3y0 3 .34__ .b77___ 19R _ 
- 

. . 
790503PS050Q2b7 i,ii 

_ 
100 529 3 .17 .6H7 :229 

T .H 780503P52000267 711 ?AS 2 .75 .63~ .191 
780503PwO5U0247 T,r3 102 224 3 .4H .75 .310 
.7-5 0503evrLU.49?b:l-f_.d 74 -lv7 .2 .93_.- __ .672_- .224 . 
7b0504PE05UU2Nl 1 .ti 

4 
6b b9 

5 
3 .11 

8 
.I42 
737 

.324 
323 7805U4PE2U002H7 i . 

4 P rIG5U02b 7HOSU 7 i,3 
65 
83 

11 
137 

3 .0 
2 .99 

. 

.b7li 
, 
.231 p ~ y ) 

8,1 k 
0 ~ n 

6 
i 

1 
- ~~ `i 1- -7 31 210- ~M 7 0~-~ , l : . 

78USU'IPS2t)OU2N7 T .8 hl 121 3.OU ,740 .332 
780504PK05002ti7 T .8 77 141 3 .22 .741 .316 
~~v ,=o4pw~2qoQ~ r~7 i R bl 7 iu 2 .84 bAS 103- - Td05~1~~H7 .u 

_ 
b5 

. 
4r~6 ? .02 : . 

71+U522C 267 T .rs 70 314 2 .4H .5144 .159 
7MU523C 2b7 f,6 bH v4 3 .25 .77u .370 
7030524L 267 T .8 32 252 1 077 
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TABLE CS. Macroinfauna diversity and evenness values by station for Cruise II . 

No . No . Evenness 
Station Label Species Individuals Diversity Pielou Heip 

7608u1i~E-U5002137--T .8 ------~1- --33- i .96-~ .bus-- -~-.-306 
780e01PE2000287 T .Fi 36 35 2 .71 .75E .400 
760801F'NO500267 f .E3 30 60 2 .02 .593 .225 ZhAB_O1.PN?Q.942d 7-T, n 29 8 2, u2 , 719 ~ 3b7 78oti01PS45AC)2ts7 r .8 17 16 

_- 
2 .7ts 

- 
,8u3 

_ 
.5u6 

7N08U1PS2UU02fi7 T .9 e8 42 2 .13 .641 .276 
780801PwO5002U7 T .6 31 42 1 .96 .571 .204 I.gQ.B(lle4ZD.Q.Qa 7-T-. 6~ 26 2 .12 .652 .295 
78uH02F'F05002d7 T .ii 36 171 1 .55 

_ . ._ _ 
7808U2PE2000267 T .H 15 133 .55 .202 .052 
780802PNU500267 T .6 29 95 1 .69 .501 ,157 
I~39~lLZ~~2.(1_Q9.2ti7 T_...H 3 0- .-J~37 ,4t3 1 
7A08U2PS05002H7 T .~3 lb 14 2 

_ - 
1 .45 .524-~ ,218 

7808U2FS20002b7 T .6 20 109 1 .35 .450 .150 
780802Pw0500287 T .6 34 14 1,80 ,510 .153 
.]~4.8.42Pw2~SZ2U~N7 7.,_N . e 8 51 2 .31 .694 ,338 
/KOHU3F;E05002ii7 1,g hfi 124 

- _- 
3 .1y 

_ 
.761 .358 

780803PE2000267 T .k 62 106 2 .18 .673 ,247 
780803NwU5002f37 T .0 58 60 3 .34 .824 .480 
JAUL(!3P ti2 4<U2-b_ 1-.T . .5f 9 5 105 3 . 3 7 . 739 . 297 
7HOn03PSG50G2~37 T.e 6 101 3 .11 

-- 
.173 

-- 
.390 

78UA03PSZ00U2F37 T .13 39 50 2 .76 .753 .389 
780803Pw05002(i7 T,B 58 82 3 .29 .811 ,454 
.ZfW.8 UP_W-2.0.lZQ a-7---T, . -60- 0 1 34 S , 04 , 742 , 337 
7K0£t0UFE0SUn2B7 T .i3 4b 41- 

-.- 
-2 .90 

. _ 
.757 

__ 
.38U 

78ut+0uNEZ0o02H7 T .n 3b 42 2,67 ,733 .362 780804PM0500267 T .8 63 73 3 .18 .767 .371 
1AUqP_ Q~ ? 0 U 0,21i7J:_._13 ~ 4 84 2,79 '699 L287 
7ROK04PSUSC02d7 T .6 51 a .2Z .818 .479- 
780804PS2000287 1 .8 45 56 2.45 .643 .240 
780804PW0500287 1 .8 u7 50 3 .04 .789 ,431 

Q$_'14 P _!2_Q2y7 T,_ 9 33 2 .37 t 703 .34b 
8OHOS N05UU2ti7 f,H S 33- 

_ 
1 .2 

_ 
,406 

_ 
.117 

780805SN2U002n7 T,8 25 265 1 .25 .387 .103 
780806SN05U02n7 ( .H 17 7 2 .62 .925 .796 

5N?1222B71_ 7 1 1 2^, 4 3 857 646 
8Ufs07SN05002k37 T .fi U i 8 --. 52-37 
780807SN2000787 T .6 23 11 2 .75 87b .664 
7808085NU5002?7 T,8 26 33 2 .37 .726 .386 78080esrvz0002~7- a 0?_,_3v 72.7 390 
780809SN05002H7 T .6 30 19 l .7 .AO) .505_ 
78UF09SN2000267 T .13 31 15 3 .05 .88t3 .669 
780810SriU5002b7 T .13 18 26 2 .21 .765 .478 

00OZO 7 T E3 31 2.33 7U4 U24 
80R11SN05UU~7 fi . 8' 2 .2e , ;~b~' 

780811SN2000267 T .[i ?_u 56 2.11 .665 .317 
780812SNp5002F?7 T .H 25 2e 2,61 .811 .526 

nO 
3 r~ v7 T a 

2 
-1 42 

1 h 
~ 1 O T ~r31 O . . :-2 Z . ;?IT 

780813SN20002t31 lob 10 6 1 .81 .784 .565 
780e14SNU5002F37 T .a 55 60 3 .1u .773 ,391 

4N2UO &7 T 6 42 33 3 2 10 829 .516 
iUA155NUSO(1eb .r ~l 2 , -53- 

78G815SN20002R7 lob 45 25 3 .38 .887 .644 
780816SV05002H7 T .8 

. 

32 26 2 .93 .84c, 
7 49 60 3,10 ,797 443 

UFl17SNO500Ei .H 4 U 4 ,-3 9G .FiA7- 
780R17SN1000287 T .[3 44 22 3 .27 :863 ,586 
780818SN05002e7 t .H 52 46 3 .37 .65e ,549 
7§G81RgN200~2d7 T n 

~ 
50 77 3 S3 o 2 .560 . 

1N6SG 7~~5` 
_ :5 ~ 

780819SN2000287 T .rs 39 124 2 .02 .551 .172 
780820SNO5OO2N7 T .8 36 50 2000 .559 .lts3 
78U820SN2000?_K f3 

- - 
-26 52 1 .89 .5 79 .27u 

78 0 8 21 ~ fi n 1~ 
.. 

~ 8 2~0 
_ 

. 67 0 
780822C 287 T .H 23 30 l .tib .592 .2uS 
7808230 287 1,8 48 60 2,99 .772 ,401 

98 .819 .504 
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TABLE C6. Macroinfauna diversity and evenness values by station for Cruise III . 

No . No . Evenness 
Station Label Species Individuals Diversity Pielou Heip 

7~90 10 11'E0500207 1 .H 44 61 2 .80 .740 .359 
7901O1PE2000207 T,d 46 80 2 .54 ,663 .259 
790101PNO500287 T .6 35 28 2 .111 .612 .230 
39_?1_Q1Prt.2_4~Q2Fi7.-.T_ .d US '5 2- _2 .~a . .bv8 ..301 
790101PS05002t~7 T .N 4b 68 2 .65 .692 ,292 
790101PS2000267 T .0 48 57 2.69 .694 .291 
790101PW0500267 T,h 27 15 2.76 .836 .567 

. 8 Ei 7 T 0 4 2 72Q1S! 1Poy 2 4 2 7 __. . 6 0 Ei_ _ . -. _ _ 
79U102PEOSOU2i~7 T .u 51 394 1 .S1 .383 .07U 
790102PE2000267 T .8 54 189 ?. .Oil .512 .126 
790102PN05002y7 T .B 54 199 1 .'yl .478 108 

T F~ U 2F'UQQZ ii 7 ~ 7~U 1 48 7. 8 2 ._ B1 -- . 727- -:334 _ - _ . 
7q0102PS0500287 T .K 51 313 1 .'S« .391 .073 
790102PS20002B7 T .13 44 281 1 .67 .441 .100 
790102PW050071i7 T .6 43 178 2 .54 .674 .277 

7 1 I 9 . H y1Q2P 2l3 L#2 (qU 5 7 l63 47_ z . S98 . _ , 183 
- - ~ ._ _ - - - 

~uto3NEO5oo2d7 T .n 
-- 

uK 1 
_ 

z .35- 
_ 
.606 .201 

79U103PE1UU02N7 T .B 50 
. 

~5 2 .96 b7 259 79U103PPr(~50UZks7 T .ts 53 108 2 .67 ; 3 
790101PN 100 H7 Tsji yb 2 

' - ~'x - 
641 ?12 

- ~ 790103PS05002H7 T,6 41 55 r. 5a , bBU 2fST 
7901o3PS20U02~31 T,8 43 33 3 .29 ,875 615 . 
790103PWO5002E37 T .8 64 A8 3.17 .761 .361 79010 P429SLQ2B7 T , b 65 3 ,_0 E~ . 6 8 4 z 
790104NE05002N7 T,H 31 16 3.11 .y04 .711 
790104PF2000287 T .d 39 19 5 .33 .909 .708 
790104PNU500267 T .6 414 41 3.09 .797 ,444 

UlU4PN2U0Q 4 4 1 n 846 549 
9010UPSD500?07 i .8 

3 
4 

1 
. ~ 

3 
:88u 
911 

. ~8 
722 790104PS20002b7 T .S 4 7 .21 . . 

790104Fw05002t37 T .Fs 23 9 2 .90 .925 .780 
01 11 01 3,- 

5 3 1 2- 121~~7-Y 90 ~ 9 . 2 5 . 
790122C 2H7 T . H 32 24 2:t36 .826 .532 
790123C 21,?7 T .6 32 15 3.21 .927 .768 
4F3 4 7 788 458 
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APPENDIX D 

Macroinfauna:Meiofauna Ratio by Station for each Cruise . 
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TABLE D1 . Macroinfauna :Meiofauna ratio by station for Cruise I. 

Station jMean No . Individuals Macroinfauna : 
Label Meio Macr Meiofauna 

780501PE05002B7 T. B . 164449 3825 1 : 42 .9932 
780501PE20002B7 T. B . 117091 3555 1 : 32 .9369 
780501PN05002B7 T .B . 180359 2462 1 : 73 .2052 
780501PN20002B7 T .B . 209943 3701 1 : 56 .7221 
780501PS05002B7 T.B . 64263 3971 1 : 16 .1821 
780501PS20002B1 T.B . 161714 4984 1 : 32 .4483 
780501PW05002B7 T.B . 349159 2993 1:116 .6779 
780501PW20002B7 T .B . 369295 1485 1 :248 .6837 
780502PE05002B7 T.B . 120695 9202 1 : 13 .1155 
780502PE20002B7 T.B . 167556 6064 1 : 27 .6325 
780502PN05002B7 T.B . 54443 8809 1 : 6 .1806 
780502PN20002B7 T.B . 283653 7256 1 : 39 .0908 
780502PS05002B7 T .B . 189682 7976 1 : 23 .7808 
780502PS20002B7 T . B . 240893 4928 1 : 48 .8875 
780502PW05002B7 T.B . 58918 9337 1 : 6 .3098 
780502PW20002B1 T .B . 60783 6019 1 : 10 .0989 
780503PE05002B7 T.B . 145680 4140 1 : 35 .1883 
780503PE20002B7 T.B . 103791 5558 1 : 18 .6758 
780503PN05002B7 T.B . 138719 3127 1 : 44 .3545 
780503PN20002B7 T . B . 32442 4387 1 : 7 .3943 
780503PS05002B7 T.B . 163952 3701 1 : 44 .2963 
780503PS20002B7 T . B . 181229 3206 1 : 56 .5238 
780503PW05002B1 T .B . 202236 2576 1 : 78 .5002 
780503PW20002B7 T . B . 249097 1654 1 :150 .6257 
780504PE05002B7 T . B . 379364 1001 1 :378 .8900 
780504PE20002B7 T . B . 179489 1294 1 :138 .7356 
780504PN05002B7 T . B . 172031 2666 1 : 64 .5218 
780504PN20002B7 T . B . 179738 1395 1 :128 .8443 
780504PS05002B7 T .B . 173150 1474 1 :117 .4893 
780504PS20002B7 T .B . 222746 1361 1 :163 .6331 
780504PW05002B7 T.B . 167929 1586 1 :105 .8656 
780504PW20002B7 T.B . 226723 1204 1 :188 .3474 
780521C 2B7 T.B . 294342 5490 1 : 53 .6143 
780522C 2B7 T . B . 406834 3533 1 :115 .1688 
780523C 2B7 T.B . 62150 1057 1 : 58 .7707 
780524C 2B7 T.B . 69359 2835 1 : 24 .4654 

1Meio denotes meiofauna 
Maer denotes macroinfauna 

283 



TABLE D2. Macroinfauna :Meiofauna ratio by station for Cruise II . 

Station 'Mean No . Ind ividuals Macroinfauna : 
Label Meio acr Meiofauna 

780801PE05002B7 T.B . 70851 371 1 : 190.8444 
180801PE20002B7 T.B . 82038 394 1 : 208 .3505 
780801PN05002B7 T .B . 29583 615 1 : 43 .8273 
780801PN20002B7 T.B . 18023 428 1 : 42 .1602 
780801PS05002B7 T.B. 14661 180 1 : 81 .4856 
780801PS20002B7 T.B . 42511 472 1 : 89 .9695 
780801PW05002B7 T.B . 32442 472 1 : 68 .6610 
780801PW20002B7 T. B . 43629 292 1 : 149 .1600 
780802PE05002B7 T .B . 30329 1924 1 : 15 .7657 
780802PE20002B7 T.B . 45742 1496 1 : 30 .5714 
780802PN05002B7 T.B . 23741 1069 1 : 22 .2141 
780802PN20002B7 T.B . 32567 1541 1 : 21 .1300 
780802PS05002B7 T.B . 24611 472 1 : 52 .0816 
780802PS20002B7 T .B . 52827 1226 1 : 43 .0805 
780802PW05002B7 T.B . 22125 832 1 : 26 .5771 
780802PW20002B7 T .B . 25357 574 1 : 44 .1956 
780803PE05002B7 T.B . 157115 1395 1 : 112 .6274 
780803PE20002B7 T.B . 49844 1193 1 : 41 .7982 
180803PN05002B7 T. B . 101180 675 1 : 149 .8966 
780803PN20002B7 T.B . 111994 1856 1 : 60 .3336 
780803PS05002B7 T.B . 25109 1136 1 : 22 .0978 
780803PS20002B7 T.B . 82411 563 1 : 146 .5083 
780803PW05002B7 T. B . 137849 923 1 : 149 .4295 
180803PW20002B7 T.B . 145680 1507 1 : 96 .6366 
780804PE05002B7 T.B . 256555 529 1 : 485 .2108 
780804PE20002B7 T.B . 147793 472 1 : 312 .7888 
780804PN05002B7 T.B . 290613 821 1 : 353 .8672 
780804PN20002B7 T.B . 197264 945 1 : 208 .7451 
780804PS05002B7 T.B . 278556 630 1 : 442 .1529 
780804PS20002B7 T. B . 433186 630 1 : 687,5960 
780804PWO5002B1 T.B . 245990 563 1 : 437 .3150 
780804PW20002B7 T. B. 167929 371 1 : 452 .3348 
780805SN05002B7 T .B . 33431 2621 1 : 12 .7560 
180805SN20002B7 T .B . 80298 2981 1 : 26 .9343 

1Meio denotes meiofauna 
Macr denotes macroinfauna 
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TABLE D2 (Cont'd) . 

Station 'Mean No . Individuals Macroinfauna : 
Label Meio Macr Meiofauna 

780806SN05002B7 T .B . 2735 79 1 : 34 .7251 
780806SN2000287 T .B . 5096 124 1 : 41 .1822 
780807SN05002B7 T. B . 4102 135 1 : 30 .3844 
180807SN20002B7 T.B . 50839 124 1 : 410.8178 
780808SN0500287 T .B . 142696 371 1 : 384 .3674 
780808SN20002B7 T.B . 137351 270 1 : 508.7093 
780809SN05002B7 T .B . 61653 214 1 : 288 .4342 
780809SN20002B7 T .B . 7334 169 1 : 43 .4590 
780810SN05002B1 T . B . 48477 292 1 : 165 .7333 
780810SN20002B7 T .B . 107395 349 1 : 307 .9432 
780811SN05002B7 T .B . 33312 990 1 : 33 .6489 
780811SN20002B7 T.B . 185456 630 1 : 294.3740 
780812SN05002B7 T.B . 84027 292 1 : 287.2711 
780812SN20002B7 T .B . 40025 472 1 : 84 .7081 
780813Sn05002B7 T .B . 5096 45 1 : 113 .2511 
780813SN20002B7 T .B . 4351 68 1 : 64 .4519 
780814SN05002B7 T .B . 1740 675 1 : 2 .5781 
780814SN20002B7 T .B . 22747 371 1 : 61 .2711 
780815SN05002B7 T . B . 3108 270 1 : 11 .5093 
780815SN20002B7 T .B . 15165 281 1 : 53 .9186 
780816SN05002B7 T. B . 52952 292 1 : 181 .0318 
780816SN20002B7 T.B . 56184 900 1 : 62 .4262 
780817SN05002B7 T.B . 4599 270 1 : 17 .0337 
780817SN20002B7 T.B . 373 247 1 : 1 .5067 
780818SN05002B7 T . B . 4102 518 1 : 7 .9264 
780818SN20002B7 T.B . 25979 866 1 : 29 .9898 
780819SN05002B7 T .B . 73461 1204 1 : 61 .0270 
780819SN2000287 T . B . 54568 1395 1 : 39 .1166 
780820SN05002B7 T.B . 100062 563 1 : 177 .8871 
780820SN20002B7 T.B . 93722 585 1 : 160.2089 
7808210 2B7 T.B . 141205 79 1 : 1793 .0768 
780822C 2B7 T.B . 28340 338 1 : 83 .9716 
780823r 9B7 T .B . 199004 675 1 : 294.8212 
780824 : ?B7 T . B . 116096 394 1 : 294.8475 

'Meio denotes meiol'auna 
Macr denotes macroinfauna 
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TABLE D3. Macroinfauna :Meiofauna ratio by station for Cruise III. 

Station 'Mean No . Individuals Macroinfauna : 
Label Meio Macr Meiofauna 

790101PE05002B7 T.B . 34928 686 1 : 50 .8973 
790101PE20002B7 Y.B . 38906 900 1 : 43 .2288 
790101PN05002B7 T .B . 10690 315 1 : 33 .9359 
790101PN20002B7 T.B . 40646 585 1 : 69 .4805 
790101PS05002B7 T.B . 33685 765 1 : 44 .0331 
790101PS20002B7 T.B . 30329 641 1 : 47 .2970 
790101PW05002B7 T.B . 45742 169 1 : 271 .0661 
790101PW20002B7 T.B . 54443 146 1 : 372 .2626 
790102PE05002B7 T.B . 20261 4433 1 : 4 .5710 
790102PE20002B7 T.B . 85394 2126 1 : 40 .1618 
790102PN05002B7 T.B . 34058 2239 1 : 15 .2130 
790102PN20002B7 T.B . 78309 877 1 : 89 .2410 
790102PS05002B7 T .B . 80049 3521 1 : 22 .7332 
790102PS20002B7 T.B . 53325 3161 1 : 16 .8682 
790102PW05002B7 T.B . 31324 2002 1 : 15 .6422 
790102PW20002B7 T .B . 44002 1834 1 : 23 .9957 
790103PE05002B7 T .B . 80546 844 1 : 95 .4624 
790103PE20002B7 T.B . 138097 731 1 : 188.8510 
790103PN05002B7 T.B . 62274 1215 1 : 51 .2546 
790103PN20002B7 T.B . 24114 2205 1 : 10 .9361 
790103PS05002B7 T.B . 48974 619 1 : 79 .1502 
790103PS20002B7 T.B . 78185 371 1 : 210.5985 
790103PW05002B7 T.B . 110130 990 1 : 111 .2422 
790103PW20002B7 T.B . 113113 1856 1 : 60 .9363 
790104PE05002B7 T .B . 12803 180 1 : 71 .1272 
790104PE20002B7 T.B . 22498 214 1 : 105.2552 
790104PN05002B7 T.B . 45494 461 1 : 98 .6315 
790104PN20002B7 T.B . 37414 506 1 : 73 .9048 
790104PS05002B7 T.B . 13176 270 1 : 48 .7993 
790104PS20002B7 T.B . 6961 191 1 : 36 .3963 
790104PW05002B7 T.B . 30454 101 1 : 300.7753 
790104PW20002B7 T.B . 16781 124 1 : 135.6000 
790121C 2B7 T.B . 22250 2070 1 : 10 .7486 
790122C 2B7 T.B . 30951 270 1 : 114 .6322 
790123C 2B7 T.B . 4351 169 1 : 25 .7807 
790124C 2B7 T.B . 24860 405 1 : 61 .3827 

'Meio denotes meiofauna 
Maer denotes macroinfauna 
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APPENDIX E 

Harpacticoida:Nematoda Ratio by Station for Each Cruise . 
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TABLE E1 . Harpacticoida:Nematoda ratio by station for Cruise I 

Station 'Mean No . Individuals Harpacticoida : 
Label Har p Nema Nematoda 

780501PE05002B6 T .8 2 1948 .0010 
780501PE200 0..2 
780501PNO500286 T .B 106 3120 .0339 
780501PN2000286 T .f3 28 . 3152 .0088 
7001P505no286 T .6 62 977 ,0634 
780501P605002B6 T .8 Z2 2938- .0245 
780501P620002E16 T .8 8 1834 ,0043 
780502PE0500286 T,8 154 2722 .0565 
18 0-5112 P 
780502Ptv0500266 T .ti 74 1053 .0702 
7f~0502PN2U002B6 T,ti 406 5722 .0709 
780502PS0500266 T .6 140 3647 .0383 
-Z-8-OSA ;) 
780502Pv;05fl02B6 T,B X50 1633 . .0306 
780502i'r.2000286 t .8 118 1480 .0797 
780503PE05002B6 T .B 114 1430 .0797 
JZ-D-S-a-SP-E-2-0" 2 b- 
7E1p503PIVU5002B6 T .8 66 823 .0801 
780503PN2000?B6 T .B 40 482 .0829 
780503PS0500286 T .is 160 1580 .1012 
JAnq-A-3P~-2-~-011?. 
7t~0503Pw050fl2B6 T .#3 56 1608 .0348 
780503Pw2000266 T.8 112 2371 - .0472 
780504PE05002b6 7 .8 56 2814 :' .0198 
7_8-O-5-4P t-2D-U .2 . 
780504PrdOS0U?t36 T .B 44 1819 .0241 
780504Prv2000286 T .6 36 731 .0492 
780504PS0500286 T .8 26 1413 .0184 
-7j3 .(1 ~nuPS~ 
780544f'A0500?66 T .8 44 1074 ,0409 
780504P62u00?B6 T,b 84 170 .4471 
780521C 286 T.Fs 68 2284' .0297 
-7-"~2Z-----2 8 - _4-2-3-- 
780523C 2116 T .cs 8 F i 222 .0360 

F 7~iU524C 266 T .3 0 778 .0000 

1 .{ate denotes Harpacticoida 
>PR?d dR'Y1f`tF',~ Nematoda 

289 



TABLE E2. Harpacticoida:Nematoda ratio by station for Cruise II . 

Station can No . Individuals Harpacticoi a : 
Label Harp Nema Nematoda 

780301PE050+0286 T .8 28 1455 ,0192 780tsO1PE2000286 T .5 14 1282 .0109 . 
780801PN0500286 T .8 4 533 .0075 
780801PS0500286 T .B 0 402 ,0000 
780801PS2000286 T .8 0 720 .0400 
780801Pw0500286 T .8 2 644 .0031 
780802PE0504286 T .9 0 859 .0000 
7ff0$02PE2U00286 T .8 0 1116 .0400 780802PN0500286 T .8 7RnRn?P 0 668 .0000 _nnnn 
780802PS0506266 T .B 0 696 .0000 
780802PS2000?86 T .8 2 1391 ,0014 
780802Pw05002b6 T .8 0 600 ,0000 
780803PE0500286 T .B 8 752 .0106 
780803PE20002E36 t .8 2 282 ,0070 
780803PN0500286 T .i3 
78nAAAPN2Ann--)RA T-k 

10 in 818 
338 

.0'122 
780803PS0500286 T .8 2 184 0108 
760803PS20002B6 T .d 0 118 .0000 
780803Pw0500286 T .8 0 888 .0000 
78080qPE05U02B6 7 .8 14 1027 .0136 
780804PE2UOU2B6 T,8 12 780 .0153 7 O~O yPN0500286 T .tt 36 1662 .0216 ~ 

n 
780804PS0500286 T.ti 24 1476 .0162 
780804PS20002Et6 T .8 36 1595 .0225 780804P ;y0500286 T .8 
78080OPa?0002RA T-R 4 

(I 
1157 
Ann .0034 

-0000 780805SN0500286 t .8 0 723 .0000 
780805Stq 2 0002 B6 T .8 0 2505 .0000 
780806StJOSAO?86 T .ii 0 14 ,0000 7ROKnr,stx .0000 
780807SW0500286 T .d 0 26 0000 
780807Sr~200U2Bb T,B 0 93 :0000 
7~08SNO5002B6 T .8 4 244 .0163 
7808093N0500266 T .8 4 204 .0196 
780809SiV2000266 1 .8 2 80 .0250 
780810SN0500286 T .8 6 922 .0065 
780811S.v0500286 T .d 2 796 .0025 
780811S~v20002fi6 T .B 4 2170 ,0018 
780812SW0500266 T .6 0 328 .0000 

780813SVO500286 T .8 2 09 99999999,9999 
780813SIV200028b T .8 0 26 ,0000 
780814SN0500256 7 .6 0 36 .0000 
780814SN200~02 
780815SN050U286 T .ii to 74 .1351 
78081SS;V200U21i6 T .8 10 168 ,0595 
780816SNO5002b6 T .b 72 377 .1909 

780817Stv05002b6 T .Ei 36 68 ,5294 
780817SN2000286 T .8 2 6 .3333 
780818SN05002B6 T .B 0 76 .0000 TM 8-1-b-%X2.0-U2 is (~ - f4 1 4- 18-0-- A105 
780819SNO5002ts6 T .d 0 2313 .0000 
780819SN200028 6 f .8 6 1714 .0035 
780820SNO5002f36 T .B 0 836 ,0000 
780b21C 286 T .t3 U 1448 .0000 
7g0822C 2B6 T .8 0 

( 
14 ,0000 

780823C 2ES6 T .8 48 518 .0926 

' Harp denotes Harpacticoida 
Nema denotes Nematoda 
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TABLE E3. Harpacticoida:Nematoda ratio by station for Cruise III. 

Station -'Mean No . Individuals Harpacticoida : 
Label Harp ema Nematoda 

790101PE0500286 T .8 0 954. .0000 
790101PE2000286 T .8 ~12 883 < .0135 
790101PNO500266 1 .8 
7901 

0 232 .0000 

790101PS05002Ei6 T .8 18 792 .0227 
790101PS2000266 T .8 26 766 .0339 
790101PwQ500286 T .8 2 1226 .0016 
-7-Q0.1-II .1 - 0 1 01 
790102PE0500286 T .8 28 5b6 .0494 
790102PE2000286 T .8 42 2228 ,0188 
790102f'N05002B6 T .8 40 890 .0449 
3-9-0-1-0-2-P-ru?-0n -.il?. 1- --2 -1-D-1- 
790102P5050U2Es6 T .B 10 2048 .0048 
790102PS2000286 T .B 2 1298 .0015 
790102PoO500286 T .8 16 918 .0174 
zone n2p~";~nnn~ 7 1, 
790103PE0500286 T .6 164 1036 1583 
790103PE20002B6 7 .8 68 1272 : ,0534 
794103PfvQ5002H6 T .8 40 892 .4515 
7-9.Q_ll.' -3-Pmt?.-A -Q U ?_ -2-1-4- 
7901U3P5050U?B6 T .E~ 104 440 .2363 
790103PS20002Es6 T .B 24 528 .0454 
790103PvJ05002ts6 T .6 20 1164 .0171 
79-I1-1113P-t~ 
790104Pt0500266 T .8 U 82 .0000 
790104PE2u00266 T .5 4 82 .0000 
790104PN05002ts6 T .8 0 292 .0000 
7.901n4P_U2Q0-0 . 48 - 5__ 
790104PSOSOU2tsb T .d 2 180 .0111 
790104PS2000266 T .6 0 78 ,0040 
790104P60500286 7 .6 0 274 .0004 
Z 4.G 1-II _8.Q- -0666 
790121C 286 T .8 2 340 .0058 
790122C 286 T .t3 4 536 .0074 
790123C 286 T .6 4 36 .1111 
.790124L-_ _213 .037-4- 

' Harp denotes Harpacticoida 
Nema denotes Nematoda 
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APPENDIX F 

List of Taxa Selected for Cluster Analysis with Frequency of Observation, Abundance, and Rank for all Three 
Cruises. 
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TABLE Fl . List of meiofauna taxa selected for cluster analysis wfth frequency of observation, abundance, and rank 
for Cruise I. 

'No . 2 No . 3 "C(Im . 
Obs . Ind . X % 

Nonionella basilobA 36 69656 33,1 33 .1 
Sabatieria 36 18543 8.8 41 .9 
Gromiidae 36 9579 4 .5 46 .4 
Cyatholaimidae 36 7503 3 .6 50 .0 
Theristus 36 6870 3.3 53 .3 
Ammonia heccarii 36 4448 2 .1 55 .4 
Chromadoridae 36 2641 1 .3 56 .6 
norylaimopsis 36 2415 1 .1 57 .8 
Nuliminella_morgan9 35 30021 14 .3 72 .0 
ferschellinqia 35 76 :35 3 .6 75 .7 
Rolivina lowmani 35 5551 2 .6 78 .3 
E chinod eres 35 1659 .8 79 .1 
linhomoeidae 3'S 1654 .8 79 .9 
Nematoda 34 1372 .7 80,5 
Hal alaimus 34 811 .4 80 .9 
Choniolaimidae 33 907 .4 81 .3 
Metacomesoma 32 27'31 1 .3 82 .6 
Notoma stus l atericeus 32 708 .3 83 .0 
Microlaimus 31 1847 ,9 83 .9 
Parodontophore 31 1125 .5 84,,4 
tr icom a 30 1621 .8 85 .2 
Sphaerolaimus 30 535 .3 85 .4 
Fursenkoina complanata 29 7009 3 .3 88 .7 
()ncholaimidae 29 1906 .9 89 .7 
Paracomesoma 29 669 .3 90 .0 
Desmodoridae 28 526 .2 90 .2 
Nalectinosoma 27 497 .2 90 .5 
A x ono 1 n i m i da e ---------'--- 2 6 528 . 3 90,7 
Haloschizonera ?6 338 .2 90 .9 
Desmoscolex 25 545 .3 91,1 
Turbellaria 25 419 .2 91 .3 
Miliolacea 24 49$ .2 91 .6 
Euhos t ri chu s 23 629 .3 91 .9 
Laqenammina comprima 23 601 .3 92 .1 
Trachydemus 23 158 .1 92 .2 
Reophax scottii 22 1142 .5 92 .8 

'denotes Number of Observations 
'denotes Number of Individuals 
"denotes Percent 
"denotes Cumulative Percent 
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TABLE Fl (ConYd). 

1 No . z No . 3 "Cum . 
Obs . Ind . % 

Ceramonematidae 22 415 .2 93 .0 
Eqaerella bradyi 21 319 .2 93 .1 
Cl etodi dae 21 164 .1 93 .2 
Paramonhvstera 20 697 .3 93,5 
Nulimina marninata 20 527 .3 93 .8 
Monhystera 20 411 .? 94 .0 
Hivalvia 19 379 .2 94,1 
l3olivina striatula 19 336 .2 94 .3 
FursenkoinA ponton i 19 252 .1 94 .4 
Conepocia 18 626 .3 94 .7 
Rhynchocoela 18 142 .1 94,8 
Diosaccidae 18 116 .1 94 . 8 
Ammosclaria pseiYdospir alis 17 320 .2 95 .0 
Paraprionospio pinnafa 17 119 .l 95 .1 
Cihicirles concentr i cus 16 747 .4 95 .4 
I r o n i d a e 16 357 . 2 95,6 
Ampharete americana 16 282 .l 95 .7 
MonhYSteririaP 16 269 .1 95 . 8 _ ---_ ._ _---------1_ . . -- 
F_lphidium qunteri 6 ~~ .1 

_- 
95,9 

1101ophryidae 16 148 .1 96,0 
Siqambra tentaculata 16 98 .0 96,1 
Ejuliminella elegantiss#ma 44 6 . 
l.entolaimiciae 15 211 .1 96,4 
Tharyx marioni 15 91 , .0 96,4 
Florilus atlanticus 14 376 .2 7i .i 
CervonemA 13 249 .1 96 .7 
Lonqipedia helqolandicA 13 139 .1 96,8 
AriCidea 
Textularia earlandi 13 97 .A 96 .9 
Pycnop hyes 13 52 .0 96 .9 
Amei ra- --- 12 94 110 96,9 
Siphonolaimus 12 91 .0 97 .0 
Nephtys incisa 12 86 .0 97 .0 
L anenammina dTflugi foT s . . . . . a 
Oxystominirlae 11 96 .0 9T .1 
Prionospio cirrifera 11 42 .0 97 .2 

Fnhyrirosoma hopk i ns i 10 210 . 1 9T.3 
Stenhelia 10 178 .1 97 .3 
Richiersia 10 154 .1 47 .4 
1 aimella T.5- 
nuinqueloculina compta 10 115 .1 97 .5 
Campylaimus 10 

- 
87 .0 97 .6 

lianzaNaia strattoni q 483 
Quinnueloculina vulQaris 9 328 .2 98 .0 

'denotes Number of Observations 
Z denotes Number of Individuals 
3 denotes Percent 
"denotes Cumulative Percent 
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TABLE F2. List of meiofauna taxa selected for cluster analysis with frequency of observation, abundance, and rank 
for Cruise II . 

No . No . Cum . 
Taxa Obs . Ind . X % 

Sahatieria 64 13110 7 .6 7 .6 
f nom i i ciae 64 3830 2 .2 919 
fiolivina lowma ni 63 5870 3 .4 1 3 .3 
Huliminella morqani 61 3957 25 .6 38 .9 
CyatholaimidAe 61 4956 2 .9 41 .7 
Linhomoeidae 61 1824 1 .1 42 .8 
Theristus 60 4129 2 .4 45 .2 
norylaimopsis 60 2161 1 .3 46 .5 
Nonionella basiloba 58 4724 27 .5 74, 0 
Ch .onialaimidae ' 154 744 .U 74 .4 
Terschellinyia 52 3275 1 .9 76 .3 
Ammonia heccari i S1 2113 1 .2 77 .5 
Laaenammina comprima 47 925 .5 78 .1 
Desmodoridae NS 1034 .6 78 .7 
Tricoma 43 1871 1 .1 79,8 
FursPnkoina complanata 41 11254 6 .6 86 .3 
Sphaerolaimus 41 304 .2 86 .5 
Rhynchocoela 40 1040 .6 87 .1 
Fuhostrichus 40 666 .U 87 .5 
Metacomesoma 39 2891 1 .7 89 .2 
Sig ambr a tentaculata 39 296 . .Z 89,3 
Cibicides concPntricus 38 1334 .8 90 .1 
Microlaimus 38 1142 ,7 90 .8 
Chromadoridae 38 689 .4 91 .2 
Halalaimus 36 316 .2 91 .4 
(lncholaimidae 33 1362 .8 92 .2 
Echinoderes 33 451 .3 92 .4 
Harodontophora 31 679 .4 92 .8 
Axonolaimiciae 30 525 .3 93 .1 
Ceramonematicfap 30 350 .2 93 .3 
DesmoscolFx 30 222 .1 93 .5 
Fnaerella brndyi 29 340 .2 93 .7 
Nematocia 29 2.49 - .1 93 .8 -._ _ _ ------ . __ f. -- -------------- 
flolivina striatula 27 

-- 
528 .3 94,1 

Turl)ellaria 27 404 .2 94 .3 

'denotes Number of 
~denotes Number of 
'den-rtes Percent 
4denutes Cumulative 

Observations 
Individuals 

Percent 
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TABLE F2 (Cont'd) . 

'No . 2 No . 3 "Cum . 
Taxa Obs . Ind . % % 

Notama stus latericeus ?6 16 6 .1 94 . 4 
hricidea 26 158 .1 94 .5 
Huliminella Plecaantissima 25 316 .2 94 .7 
Mo nhY st e ridae 25 201 .1 94 .8 _ -. . _ 
Ri~l imina marginata ZS 177 .1 94 .9 
(lxystomina 25 109 .1 95 .0 
Conenoda 23 580 .3 95 .3 
Paracomesoma 22 301 .2 95 .5 
Lrptolaimus 21 378 .2 95 .7 
Acarina 20 240 .1 95,9 
laimella 20 103 .1 95 .9 
Ftec+phax scott i i 19 927 .5 96 .5 
Flor ilus atlanticu s 18 632 .4 96 .8 
Trachyciemus 1 .1 96 .9 
Fursenkoina pontoni 16 503 .3 97 .2 
Mi liol acea 16 136 .1 97 .3 
Halectinosoma ~ 16 88 .1 97 .3 
Acartia tonsa 14 170 .1 97 .4 
Paracalanus crassirostris 14 71 .0 47 .5 . 
Camacolaimus_ ---------- . . .~_ 

__14 - ---53 --- ~0- ~-~- . 

Cancris saqra 13 96 .1 97 .5 
Fiiaener ina irrecaularis 12 111 .1 97 .6 
Othona colcar - v» 1 0 97 .6 
Uviqerina bellula 11 84 .0 97 .7 
Halo schizo pera 11 64 .0 97 .7 
Textularia mayors 11 4 .0 97 .8 
Ammoscalaria pseudospiralis 11 44 .0 97 .8 
Campylaimus 11 41 .0 97 .8 
Richtersi-a------___

. . 
t0 d .1 97 .9 

Laqenammina diflugifvrmis 10 91 .1 97 .9 
Leptolaimid~ae 10 71 .0 98 .0 
Quinquelocul na c:ompta to 70 
Tharyx marioni 10 5$ .0 98,0 

'den :~~tes Number of Observations 
'denotes Number of Individuals 
'{~ jenotes Percent 
"denotes Cumulative Percent 

298 



TABLE F3 . List of meiofauna taxa selected for cluster analysis with frequency of observation, abundance, and rank 
for Cruise III . 

1 No . 2 No . 3 "Cum . 
Taxa Obs . Ind . % X 

8olivina loNmani 36 2186 4,1 4,1 
OorYtaimopsis 36 1319 2.5 6 .6 
Sahatieria 

- - - 
35 6487 12 .3 18 .9 

F-1 S r 5.2 24,2 
Linhomoeidae 34 3780 7 .2 31 .3 
Bulimi nell a m organi 34 3305 6,3 37 .6 
Cyatholaimidae 4 10 
Gramiidae 32 1122 2.1 45 .6 
Choni olai midae 32 310 .6 46 .2 
Nonionelta basilaba 31 7855 14 .9 61 .1 
Terschellinqia 30 1600 3.0 64,1 
Parodontophor a 30 658 1 .2 65 .4 
Ammonia heccarii 9 4 
Cihicides concentricus 27 1709 3 .2 72,1 
Nalalaimu s 27 349 ,7 72 .7 
Sphaerolrimus 
Metacomesoma 26 2420 4 .6 77 .7 
Chromadoridae 2b 1853 3 .5 81 .2 
TriCOme 26 488 ,9 8 
Fubostrichus 25 380 .7 82 .9 
Lagenammine comprima 24 1608 3 .0 85 .9 
Desmodoridae 24 292 .6 86,5 
Meciiomastus californiensis 23 236 .U 86 .9 
Turbellaria 21 368 .7 87 .6 
Echinoderes Z 4 88 .1 
nncholaimidae 21 221 .U 88 .6 
Aricidea 

~ 
21 1 68 .3 88,9 

Ilalectinosoma 1.9 238 15 89 . 
Ceramonematidae 19 150 .3 89,6 
Axonolaimidae 18 19S .U 90 .0 
Comesomatidae ~ ~8 1 ~ 0 . 
Micr olaimtj s 17 312 .6 90 .9 
Neotanchus 17 189 ,4 91 .3 
Desmoscolex ~ 17 143 .3 91 .5 
nxYstomina 16 80 .2 91 .7 

'denotes Number of Observations 
Zdenotes Number of Individuals 
°denotes Percent 
"denotes Cumulative Percent 
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TABLE F3 (Cont'd) . 

Taxa 
Fursenkoi na Pontoni 
Eponic_ies anti I larum 
MAmat ad a 
CossurA delta 
Fursenkona complanata 
Paracomesoma 
Florilus atlantiCus 
Nuli~minella elec~intiss ma 
ftulimina maroinata 
MonhYsteri ciae 
KeoPhax scottii----.~._ 

_-

Rolivina striatula 
Fnhyrirosoma hopkin si 
T a] meTTa 
Flphiciium quntPri 
Riaenerina irrPqularis 
T -Ti a in a h e T l a--------- -
Haloschizonera 
lronicfae 
Rivalvia--
StPnhelia 
Cancris sacira 
COP e -~ U CT-_ 

---------- ------- -- -

khynchocoela 
Tynn 1 amphi ascus 1 ame 1 1 i fey 
~ivam~~a tentacullaia 
kichtersia 
f.ervonema 
Trachy ~iemus 
Camacolaimus 
Laaenammi na iii f 1 ucai formi s 
CIPtodes d si si-mi-Tis----`-
Ammoscalaria pseudospiralis 
Uviqerina bel hula 
E a~ e ~ eTl a ~ a d yi ----------
ni osacc i c1aP 
Enchelidiidae 
Tl i a r-y x --m ~ -~ ~ o ~ ~- -- ------- -- --- 

1 No . 2 No . 3 "Cum . 
Obs . Ind . % % 
15 157 .3 92 .U 

- -- 1 5 11 8 92 .2 
15 106 .2 92 .4 
15 72 .1 92 .5 
14- z7 l3 .1 
iu 195 .4 93 .4 
13 126 .2 93 .7 

. 
13 97 .2 94 .1 
13 96 .2 94 .3 - u -i-- 9-4--.T4 --- 

12 108 .2 94 .6 
12 102 .2 94 .8 
iz 
l2 

~z 
30 

z 
.1 

4-.-g- 
95 .0 

11 78 .1 95 .1 
i 

11 
I V 

74 
" a 

.1 
' J " J 

95,4 
11 70 .1 q5 .6 --- - 1 1- --- 3 8 - - -~ 1 

-- 
95,6 

9 204 .4 96 .0 
9 86 .2 96 .Z 

- ~ 6T3- 
9 64 .1 96,5 
9 50 .1 96 .5 -- 9 
a 

32 
263 

0 1 
.S 

9616 
97 .1 

8 65 .1 97 .2 
------- -- -- ~ ~ --- -- - ;7 ~ T: 3 

8 39 .1 97 .4 
7 64 .1 

- - 
97 .5 - 

1 97o 6 
7 44 .1 97 .7 
7 140 .l 97 .8 

-- -- -- -3I- - ---F- -97-.-K 
6 40 .1 97 .9 
6 30 .1 9810 

- 

- 

-9-- 

'denotes number of observations 
2denotes number of individuals 
3denotes percentage 
"denotes cumulative percentage 
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TABLE F4 . List of macroinfauna taxa selected for cluster analysis with frequency of observation, abundance, and 
rank for Cruise I. 

1 No . 2 No . 3 "Cum . 
Taxa Obs . Ind . % % 

Paraprionospio pinnate 36 18453 24 .7 ?4 .7 
Mediomaa t 4 

0 Rhynchocoela 
P i i i if 

b 
3 

36 1 4 
90 

. 
4 r onosn rr o c era 6 7 1 .2 0 .2 

TharYx marioni 36 866 1 .2 41 .1 
Not o_mastus later j-r-_ U V 
Siaambra tentaculata 
Telling versicolor 

6 
35 

h 
1197 

.b 
1 .6 44 .3 

Cossura delta 35 589 .R 145 .0 
AricidPa s-u 4 1 855 .1 4 
Nephtys incise 
N l 

33 
32 

9 0 6 
103 

.4 
ucu ana content ri ca 7 1 .4 48 .8 

Corhula contracts 32 741 1 .0 14918 
_Gn Lf-i_naia_-b.u1-b.cL O.2 52 .5 
Uiof3atra cuprea 31 890 1 .2 53 .7 
lumt)rineris tenuis 31 740 1,0 54 .7 
Sabatieris 31 714 1 .0 55 .7 
_Vi_tzine.L1.a _i_Ln._cidaa 
Abra aequalis 30 X385 U, 60 . 
Nereis 30 758 1 .0 61 .7 
Maqelona phyllisae 29 4331 5 .8 67 .5 
A n a i_t td.fa q e r y t h r o~~LL"- 9 

- 
275 4 

Maaelona roses 2~8 1 t " 4 : ( 66 .0 

Sthenelais boa 27 343 .S 68 .5 
RrachXura 27 118 .2 68,7 
AmaP US[' A-ahS~ ' 9 9 69 
G1 y cera arnericana 25 2 0 1 S 69 . 9 
Volvulella texasiana 25 115 .2 70,1 
Nereidae 25 123 .2 70,3 
A-s,pA doS i ohp.ga1 hua 
Pinnixa 24 116 .2 7 0 .8 
Armandia maculatA 24 112 .2 70 .9 
Lepidasthenia 23 125 .Z 71 .1 
Dnr_vlnsis 23 9 
Ancistrosyllis jonesi 3 9 .1 1 . 
Ampharete americana 21 4772 6 .4 77 .7 
AricidPa frecailis zl 715 1 .0 78 .7 
Amr~_ate t ~_a c u_ti. _f_r an s q 79 .0 
Oncholaimidae 
Linhomoeidae 21 

1 b 
148 .2 79 .5 

Prionospio cirrobranchiata 21 111 .1 79 .6 
Rti-aLn o_s pin_ c .cis to t n 394 80 .1 
lllphPUS floridanus 20 43 
Nucuta cf, N, proxim» 19 302 ,4 80 .6 
Prionospio pygmaea 19 132 .2 80 .8 
RivAivia 19 112 .2 80 .9 

'denotes Number of 
2denotes Number of 
'denotes Percent 
"denotes Cumulative 

Observations 
Individuals 

Percent 
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TABLE F4 (Cont'd) . 

'No . 2 No . 3 y Cum . 
Taxa Obs . Ind . % % 

Cosmioconcha cslliqlYpta 19 
19 

104 
48 

.1 
1 

81 .1 
E31 .1 Automate evermanni 

Polynoidae 19 41 
. 
.1 81 .2 

Phacn_nis-Ac_chis_ec_La_ 
flxyurostY1is smithi 
Clymenella torauata calida 

1 " 
18 

96 
94 

.1 

.1 
t+l .~ 
82 .0 

Amphionlus Coniortodes 18 
18 

89 
88 

.1 82 .1 
82 A m a e Bn a t r i lobet : Acetes americanus 

Photis macron+anus 
lw 

1~ 

.56 

Z6~ 

.1 

.4 

3 8 2 
. 

R Palythoa texaensis 7 2 ~ 
3 
~5 8 3 7 Ant r onen Len-(.u p1 i c as u s . 

Manelona filiformis 
Glycinde nordmanni 

17 
17 

icy 
41 

.c 
.1 

83*9 
E33 .9 

Spiophanes k~ombyx 16 1398 1 .9 R5 .8 
PSPIICi1 , [`Vthoe a 

~ Chaetozone 
Cirrophorus lyriformis 1 

6 
6 

1 
87 .1 

6 . 
86 .3 

Amphiodia atra 
1 6 5 1 4 _ys tis vitt_aL~ a 8 6 

-~- O1Plocirrus 
Speocarcinus lobatus 1 6 32 .0 86,5 
Listriella bArnardi 1 6 

0$ 
. 

RaP~3.D_!L~^ ~1Ls3c_l~l._S 1 867 
Chione clenChi 1 5 68 86 .6 
Cl Y menPlla zonalis 1 5 61 .1 86 .9 
t;plfinqia trichocephala i y 95 .~ . 

~ Monocu 1 odes ~dwaLdS 
- - 

7 1 
Penae i ciae 
Cerebratulus lACteus 1 

1 4 
4 ?4 

.0 

.O 
6701 
87 .1 

Terehra dislocata 1 4 2 87 .2 
R( i n n P n LS7.r~-aes -- - 87 . 4__ 

Ceratonereis irritabilis 13 120 .2 87 .5 
~ ~ v e r r i 1 1 i p e 1 i s Am 1 0 1 87 .7 . _ 

Bregmaceros atlantic- 
13 37 .0 H7 Gastropoda 

Amph i u r i ciae 13 29 .0 97 .8 
~~~~f~~ 6 ~_-0-r j-- 1 2 491 .7 8~ . 

Futonc ec~a ch~erC iae 
lonclipedia hPlqolanciica 

i2 j 5 
. 

9 Sahellidae 1 . H 0 
Clio .~ tozane setos 12 48 .1 89 1 0 
Anticoma 12 

12 
Lie 

*1 89 .2 Tharyx setigera 
Amphiociia trychna 

iZ 26 
1 0 89 

0 892 
N ct~ a~~a Uciul-dii---- Z5 

'denotes Number of Observations 
'denotes Number of Individuals 
'denotes Percent 
"denotes Cumulative Percent 
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TABLE F4 (Cont'd) . 

1 No . 2 No . 3 "Cum . 
Taxa Obs . Ind . % X 

OdostomiA 12 25 .0 89,3 
Chasmocartinus mississippiensis ~2 ~9 .0 4 A -g y ~ h ~~ 4 Pl~9~ ~_. 99 . 
Rere3s succinea 
F'aranthus rapiformis 11 74 .1 89 .6 
Synchelidium americanum 11 60 .1 89,7 
A~nthopl~eura krehsi I1 34 .0 99,8 
antF,arus cance arius 
Poecilochaetus johnsoni. 11 28 .n 

' 
89 .8 

Cibicides concentricus 10 465 .6 90 .5 
Pol ~dora 1 0 368 .5 91 .0 
P-o-Ty o r a sac a is 
Meaalomma biocutata lU 

S 
216 

014 
.3 

V105 
91 .6 

Cinqula to 166 .2 91 .8 
Eucforella monadon -10 43 .1 91 .9 
Pentamera Au c err ma 
MaCOma pulleyi 

lu 
10 

3e 
31 

U 
.0 

V119 
92 .0 

Hhenodermatidae 10 25 .0 92 .0 
gnu his nebulosa 10 23 .0 92 .0 
lYcinne soTTceria 

CirrAtulus cf, C, hedapethi 
i~ 
lU 

cu 
17 

.u 

.0 
92, 1 
92 .1 

F'hASCOlion strombi 10 iS .0 92 .1 
Nalano~qssus 9 238 .3 92,4 
Murinia 1a~e~al i-s---- 7 

9 
S-3? 
168 

" J 

2 
9 2 .1 

93 0 Pentidotea . . 
Timarete 9 61 .1 93 .0 
i_ i_a~cha~~to te rns ocul atus 

h i Poecia -. ---- ~A 
9 32 .0 93 .1 

mp 
feri ant inathari a ceri anthari a 9 19 .0 93 .1 
pphiadromus obscura 9 19 .0 93 .2 

subl ev i s l.e i donotus 9 16 .0 93 .2 _ _ 
Popydopailigni 8 80 .1 93,3 
A rc i dae 8 X19 . 1 93 .4 
Raeta plicatella H ?8 .0 93 .4 
c e~uncUo-s-TF t a us 

8 7 0 93 5 Sioambra wassi 1 . . 
Agriopoma texasiana 9 15 .0 93 .5 
Processa hemnhilli 8 12 .0 93 .5 
Na ~ cam` a pus-t a 
Lyonsia hyalina floriciana 8 

11 
9 

.0 

.0 
93 .5 
93 .5 

Cardiomys 8 9 .0 93 .5 
Nat i c i ciae 8 8 .0 93 .6 

v i a cY n pica 
Eponides antillarum 

i 
7 

.5 yo 
88 

.5 

.1 
,4 .v 
94 .1 

Camnvlasois 7 41 .1 94 .2 

'denotes Number of Observations 
Zdenotes Number of Individuals 
3denotes Percent 
"denotes Cumulative Percent 
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TABLE F4 (ConYd) 

' No . 2 No . 9 "Cum . 
Taxa Obs . Ind . % % 

Teinostoma ~arvicallum 
s 

7 31 .0 94,2 
avor MpToc bnta 

Ophiuroidea 
1 
7 

20 
18 

.0 

.0 
9 4 .5 
94 .3 

Paraonidae 7 17 .0 94,E 
Goniada te re s 7 15 .0 94,3 

- . Paguru-s Tionairensts 
I_eiolambrus nitidus 

f 
7 

13 
10 

v . 
.0 

94 . s 
94,4 

Paleanotus heterosAta 7 9 .0 94 .4 
F'eriploma cf, P, orbiculari§ 7 8 .0 94,4 
FTy ~opF,~s pond a us 7 

7 
0 
7 0 

94 . 4 
94 4 Ancistrosyllis hartmanae . . 

Petricola pholadiformis 6 287 .u 9418 
phone 6 68 .1 94 .9 
7~-q aop amus verril 
Cyclaspis 6 

7 - 
~2 

- " 1 
.0 

y4 " y 
95 .0 

Uncials irrorata 6 30 .0 95 .0 
Nerhtys hucera 6 20 .0 95,0 

'denotes Number of Observations 
2 denotes Number of Individuals 
3 denotes Percent 
"denotes Cumulative Percent 
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TABLE FS . List of macroinfauna taxa selected for cluster analysis with frequency of observation, abundance, and 
rank for Cruise II . 

' No . 1 No . 3 "Cum . 
Taxa Obs . Ind . 

Pararrionospio pinnata 66 3834 15 .4 15 .4 
-R-by-nChQc-a e La_ 6 0 4 
Siaambra tentaculata 
Maqelona phyllisae 

8 
54 

n 
5080 

2-a 
2014 

6 
40 .9 

Cossura delta 51 322 1 .3 42 .2 
L~ ~p-h_i_v__S-_insi$_ 4 750 3 . 0 q 
Lumbrineris tennis 

bulbosA 
'~V 

Uq 
J"4 7 

1686 
2 .2 

6 .8 
4 7 . 4 
54 .2 

Corbula contracts 44 823 3;.3 57 .5 
7hacxx m.a ci . 4 . 8 - 
Notomastus latericPUS 

r ni 11 
4 8 4 
59 1 0 

60 .
7 

6 opa re cupreA 2 2 . 1 .7 
Plereis 41 689 2 .8 64 .5 
rlia.ae __ ai_Q r~ e s 
Volvulella texasiana 7 198 .8 66 . 
Nuculana concentrica 35 1E14 .7 67 .2 
Vitrinella floridana 34 185 .7 68 .0 
_A m czhin2l_us-c.QaiQ c_t .Q_d e 

g 
- 68 

Mediomastus catiforniensis 
P i i i if 

0 
30 

418 
184 7 

. 
0 . 

9 70 r onosp o c rr era . . 
Ancistrosyllis jonesi 29 124 .5 71 .4 
Q r i c i da a ,uer-]._ 4 
Pseucleurythoe amhiguA 

l '~ ?
27 
7 

6 
1U . 74 . ona rosea aqe 6 b 3 

Aspidosiphon albus 26 169 .7~ 75 .0 
Bj-V . ' a-- 83 
Asvchis elan4ata 
Maqelona filitormis 

~ 
25 

20 9 
108 .4 

b . 
76 .6 

Cirrophorus lyriformis 25 66 .3 76 .8 
_tir-a chv-L..r a 22 27 .1 76 .9 
Sahacieria 21 267 1 .1 78 .0 
Cinqula 21 202 .8 78 .8 
Ampharete acuti irons 21 1 :3z .5 79 .3 
Ar_mandia-nar.ulata._____ 21 69 79 .6 
Ampelisca abdita 21 62 .2 79 .9 
Cosm9oconcha calliolyqta 21 51 .2 80 .1 
Automate evermanni 21 44 .2 80 .2 
_Gl y_ceta-ame-r_j_c_ana .___-__ 103- -.4 

A Telling versicolor 19 95 , 1 .0 
Terehra dislocate 19 38 .Z 81 .2 
Nucula cf, N, proxima 18 71 .3 81 .5 
Ab_E!A a_equa_Li s 18 5-1- .2 8 
Speocarcinus lobatus 18 44 .2 81 . 
Aricidea fraqilis 18 40 .2 82 .4 
Pinnixa 18 39 .2 82 .2 
-C-a-9 tr o Qo d a_ --------_ 2 . 4 
Nereidae 17 42 .?_ 8e .6 

'denotes Number of 
2 denotes Number of 
'denotes Percent 
"denotes Cumulative 

Observations 
Individuals 

Percent 
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TABLE FS (Cont'd) . 

1 No . 2 No . 3 "Cum . 
Taxa Obs . Ind . % X 

Prionospio cirrobranchiata 16 53 .2 82 .8 
Amnelisca eaassizi 16 49 .2 93 .0 
A.q.zinP-ama texe a i a 
Amphiodia atra 16 29 .1 83 .2 
G1Ycinde nordmanni 16 28 .1 83 .3 
Phoronis architecta 14 93 .3 83 .7 
-CLymPnel 1 a tnr 
Onuphis nebulosa 
Paraonis qracili4 

4 
14 

33 
33 

.1 

.1 
84 .0 
84 .2 

Alpheus floridanus 14 25 .1 R4 .3 
._r a rr C ha smo i Lw_S-lalSS~~LP~ 

Ceratonereis irritAbilis 196 .8 85 .1 
laimopsis Dory 13 5 ~~ u S , 

i_epidasthenia 3 R . 
A^rhQpleuca_kte 
Gyptis vittata 13 tl z .1 85 .7 
TharYx setiqera 12 86 .3 86 .0 
Plereis succinea 12 

11 
32 
38 

.1 
2 

86 .1 
3 86 klaiica r us i i 1 a . . 

Linqula 
Paranthus rapiformis 

11 
10 

Gu 
23 

.i 

.1 
86,4 
86 .5 

Eudorella monodon 10 2 8 .1 86 .5 
C~c~~caS.ul_ u.s__l ~ c_t_~us 
Astropecten duplicatus lq 35 .1 86 8 Apseudes 
Paraonidae 9 25 " ~ 

. 
~h " 9 

icatus P o 1 ~" ~ 
Sthenelais boa 
Siaambra wassi 9 11 

10 
. 0 

15 " ~ 
87 .0 

Cantharus cancellarius 9 11 . 0 87 .1 
A m p eJ_is~c_a__v-P- r_ c.i . .Ll Z ~IJ " 2 
Cirratulus cf . C . heriqpethi 8 il .0 87 .2 
A c e t _e-s- a m e ~~.V.a n u~4 8 9 . 0 87 .3 

- Owenia fusiformis 
Varicorb~~la operculata 7 64 .3 

" 8 
90 .1 

nalis Clvmenell a 7 SO .2 90 .3 - (~ 
D~~~ da rth r9pioda) 7 4~ .2 90,5 
Nassarius acutus 
Lenticulina 7 34 .1 90 .7 
Acteon punctostriatus 7 20 .1 90 .8 
Pr i on spio-Crjs ta_ta 7 19 .1 90 1 9 
Anechis obesa 
Polynoidae 

1 
7 

12 
11 

10 
.0 

90*9 
91 .0 

Chione clenchi 7 11 .0 91 .0 
s o i ta r i a l rA ~io d ¬ y 7 1 n . 0 91,1_ . ._ _ _ _ _ _ _ . . . 

l.iatriella barnardf 1~ 
0 

~. 
91 2 PenaPidae 7 9 . . 

'denotes Number of Observations 
'denotes Number of Individuals 
3denotes Percent 
"denotes Cumulative Percent 
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TABLE FS (Coat'd) . 

1 No . 2 No . s "Cum . 
Taxa Obs . Ind . % % 

Linhomoeidae 6 97 .q 91 .5 
A al aor) 

amus 
verrilli 6 38 .2 91 .7 a 

lanoq]OSSUS 
Prionospio pygmaea 

6- 
6 

-3-W- 
18 

---. T- 
.1 

-TT79- 
91 .9 

7.oantheria actiniaria 6 16 .1 92,0 
Oghiu,roi dea 6 9 .0 92,0 
nmphlpOda 
Phascolion strombi 6 H .0 

, 
92 .1 

Anaitides erythrophyllus b 7 .0 92 .1 
Sinu~m Pe rsplc tivum b 6 .0 92 1 1 
Fiemipholas elongata 
lyonsie hyalina floridana 

5 
5 

3 6 
13 .1 

9 .2 .3 
92,3 

Peracarida isopocia anthuridea 5 12 .0 92 .4 
Por ~u 5 10_ .0 92 4 
flphioromus o b scure 
Marphysa sanauinea S $ .0 92 .5 
Anticoma S 7 .0 92 .5 
C l vmen lg 1 a _--,_ 5 7 .0 92 .5 
Macoma pulleyi 
Processa hemnhilli 5 S .0 92 .6 
Cunuladria dome 4 425 1 .7 94 .3 

_ G l .f i hgj_~~tr_i chocepha 1 a 
~ 

U 47 .2 94 .5 
P otis mAC ~omanus 
Paralacydonie U 22 .1 94 .6 
Palythoa texaensis U 19 .1 91,7 
S i~ haves bomh yx 

lT 
4 13 .1 94 .8 

Tere Fe i e s s r oemi i 4 94 .13 
ChAetozone U 11 .0 91 .9 
Arcidae 4 11 .0 94 .9 
Mf~r hYsa belii 

- - 
U 9 .0 94,9 

9 s ticera VeP h f 
Ceratocc'nhale cf . C, lovPni 4 6 .Q 95 .0 
Sternaspis scutata U .6 .0 95 .0 
Ma1 dan i clae 4 6 .4 95 .0 

'denotes Number of Observations 
2 denotes Number of Individuals 
3 denotes Percent 
"denotes Cumulative Percent 
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TABLE F6. List of macroinfauna taxa selected for cluster analysis with frequency of observation, abundance, and 
rank for Cruise III. 

1 No . 2 No . 3 "Cum . 
Taxa Obs . Ind . 

Rhvnchocoela 36 939 4 .6 4 .6 
"aLa.P ~12npsU~ i p i nnat a 
- 

35 1026 5 0 9 .6 
F) eF ei s 
Mediomastus cal iforniensis 

3Z 
31 

llud 
461 

5 .~ 
2 .3 

l~ .s 
17 .5 

Sicaambra tentaculata 31 371 1 .8 19 .4 
Pinnixa 

- 
30 

- - 
264 

-- - 
1 .3 20 .7 

r.orWu-Ta contr'acta 
Sthenelais boa 

-5 0 
30 

177 
176 ,9 U 22 . 

umbrineris t l ? _ ~~~
fera P~L4.~1 ~ - 28 2 ~ 1 .1 25 .1 

hlaqelona phyl Sae 
Cossura delta ?7 187 

5. 
.9 61 .7 

Armandia maculata 
2 6 6 t~ Q s ~ b u 1 f innia ~~ 4 1 6 731 3 . 6 .0 _ _ _ . . _ 

TharYx mar-ions 
Nephtys incise 

z 
26 

q 
lUZ .7 67,6 

Notomastus lateriCeus 25 93 .5 68 .1 
u ioraa t~a--cupr e a 
- 

24 170 .A 68 .9 
peoCar ci nus lobatus S ze 37 

241 
" e 
2 1 

6y " 
70 3 Amnharete acutifrons 20 . . 

G1Ycinde nordmanni 20 US .2 70 .5 
elona filiformis Ma n 

- - 
18 87 ,U 70 .9 - - 

5 Aspi osip on a! us 
Glycera americana 18 65 .3 71 .6 
Paraonis qracilis 18 40 .2 71 .8 
Telling vPr sicolor 17 155 .8 72 .6 
Automate evermannt 
Manelona rosea 

I 
1 
T 
7 

6Z 
46 

.S 

.2 
I2.7 
73 .1 

Nuculana concentrica 1 7 29 .1 73 .2 
~Poi n~o~s pi o cristata 

s io o - 
1 6 141 .7 73 .9 

cie ntor llmphio plus c 
Prionospio cirrobranchiata 1 .5 44 .2 74 .6 
Volvulella texasiana 1 5 29 .1 74 .8 
Vitrinella floridana 14 83 .4 75 .2 
inoe near pes 

Amph i odi s at ra 
l u 
14 

69 
43 

.s 

.2 
i5 .7 
75 .7 

Aricidea suecica 
Tharyx se.~ticP_r_A 

- ' 

14 
14 

37 
31 

.2 

.2 
75 .9 
76 .1 

la barnar eT Ltr 
PseudeurYthoe Amhigua 13 297 1 .5 77 .6 
Gyptis vittata 13 17 .1 77 .7 
A i ~ idea f raai_1 i s. 

" -- - - 
12 229 1 .1 78 .8 

s i r r i Fa i 1T S e ~ a t o n e e i 
65 Melisce abdita 

i i ~2 56 .3 80 .0 er a at 

'denotes 'Number of 
`denotes Number of 
3denotes Percent 
"denotes Cumulative 

Observations 
Individuals 

Percent 
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TABLE F6 (Cont'd) . 

' No . 2 No . 3 "Cum . 
Taxa Obs . Ind . 

Nuc~ 1 & c f ,-N,_,-pr o x i me _ 12 38 . 2 80 .2 
etes amertcanus tic 

Ancistrosyllis jonesi 
f 
12 73 .1 Fi0 .5 

Chasmocarcinus mississippiensis 12 19 .1 80 .b 
Deca da arthro oda) 11 17 .1 80 .7 

a eus on anus 
Oxyurostylis smithi 10 159 .8 81 .5 
Timarete 10 62 .3 81 .8 
Phoronis architecta 10 31 .2 82 .0 
AsycFt s e onq a a 
lepidasthenia 9 24 

i 
.1 

820i 
82 .2 

Terebre d9slocata 9 16 .1 82 .3 
A riopoma texasisria 9 11 .1 82 .4 
,I~ra aequa is 
C1ymPnella torquata calida 

5 
8 

118- 
19 

e 
.1 

82 .6 
82 .7 

Chione Clenchi 8 18 .1 82 .8 
QWenia fusiformis 8 14 .1 82 .9 
D! p I vcf rrus 
Amohiuridae 8 

TZ" 
11 .1 83 .0 

Mulinia lateralis 7 469 2 .3 85 .3 
Ceratoce vhal e cf . C, loveni 7 193 .9 H6 .2 
-Amne -i qc-6-v e i i 
Ampelisca aqassizi 7 50 .2 

- -8 6 .1 
87 .0 

Gastropoda 7 9 .A 87 .0 
MACOm ~ulleyi 

- 
7 7 .0 f~7 .0 

Cotmta vir idVs -- 
Ampharete americana 

6 
6 

82-- 
62 

on 
.3 

81 .q 
87 .7 

Photis maCromanus 6 US .2 88 .0 
Halanoqlossus 6 29 .1 88 .1 
06up~§-nebul osa - 

6 15 1 
. 2- 

89 3 Breqmaceros atlanticus . . 
Natica pusilla 6 12 .1 88 .3 
Anait iries erythrophyllus 6 11 .1 88 .4 
Ne re i 0ae 6 9 . 0 88 .4 
1j Y 3 LVA 1 a 6 .0 88,S _ --- _ - 
SpiophanPS bombyx 6 8 .0 88 .5 
Harmothoe 6 7 .0 88 .5 
Caridea 6 7 .0 88,6 
I?.ar-y1-ai-m.oRSi-s- - 6 6 .0 88 .6 
Aglanphamus verrilli 5 96 

2 
.5 

1 
89 .1 
89 2 Ampelisca S 6 . . 

Anadara ovalis 5 13 .1 A9 .3 
kU-ly1dD r a ] i c~Ll.l- S 1-0 .0 89 .1 
Cinaula 5 10 .0 8 9 .4 

'denotes Number of Observations 
zdenotes Number of Individuals 
3denotes Percent 
"denotes Cumulative Percent 
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TABLE F6 (Cont'd) . 

1 No . 2 No . 9 "Cum . 
Taxa Obs . Ind . % % 

PaQUrus honeirensis 5 10 .0 89,4 
Polydora socialis 

tira 
5 
S 

~ 8 
6 

.0 

.0 
89,4 
89-S 

l.inhomoeidae 5 S .0 89 .5 
Cupuladria biporosa 4 1060 5 .2 94 .7 
Petricola pholadiformis 4 43 .2 94 .9 
ngd,g.tg t r A n CaL,e, 

Diplodonta soror 4 9 .0 95 .0 
Gyptis brevipalpa 4 7 .0 95 .0 

'denotes Number of Observations 
2 denotes Number of Individuals 
3 denotes Percent 
"denotes Cumulative Percent 
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TABLE F7 . List of macroepifauna and demersal fish taxa selected for cluster analysis with frequency of observation, 
abundance, and rank for Cruise I. 

1 No . z No . 3 "Cum . 
Taxa Obs . Ind . % % 

Leio lAmtirUS Ill ticlus 5 71 2 .0 2 .0 
S (I i 1 _La_.emnu.sa-- S 97 1-6 1 .6 
Ca) l1nPC1:2S Sllt11 l1S S 14 l 1,1 

. 

Prionotus rubio 5 16 .U 5 .2 
Trachypenaeus similis U 912 25 .14 3U .h 
AsLcap.ec..te n-d u-al_f_c.atu. 4 1 746 Q. , .$ 
Loliao pealei 4 306 8 .5 59 .9 
Callisctis tricolor u 48- 1 .3 61 .2 
Alpheus floridanus 4 US 1 .3 62 .5 
P_aaur_u_s-Roa.lic-a_ 
PPI1aPUR BZ tecus 3 273 7 .6 70 .7 
StPnotomus caorinus 3 47 1 .3 72 .0 
Anchoa mitchilli 3 29 .8 72 .8 
-qp.£ D.C . .j- r C-1 n t 1 c 1 n 
Nalieutichthys aculeatus 3 ?6 .7 74 .3 
Anchoa hepsetus 3 24 .7 75 .0 
Trachypenaeus 
D i n_ n_,a t r a du n 

3 19 .S 75 .5 

l.Pp iclonotus suhlevis 3 10 .3 76 .1 
Snhoeroides parvus 3 8 .2 76 .3 
Et ropu :s c rossot us 
flea I i lap-, C~uadLi I pens i s 

3 
3 

7 
4 

.? 

.1 
76 .5 
76 .6 

Centropristis Philadeiphicus 3 
- 
3 .1 6 . 

Pleurobranchaea hedypethi 2 1U2. 4 .0 80 .7 
Portunus soinicarpus 2 129 3 .6 84 .3 

8 0- 8 
Portunus gibbesii 
Penaeus setiferus 

2 
2 

69 
40 

l .g 
1 .1 89 .9 

Squilla chydaea 2 16 .U 90 .3 
-S_j_ cypni a rf o_rsal i c 2 is .4 90 .7 
Peprilus borti 2 14 .U 91 .1 
Palythoa tPxaensis 2 11 .3 91 .4 
Antennarius radiosus 2 11 .3 91 .7 
S r h P at-La_i__s_b-oa 
Arius felis 2 10 .3 
HPnatus epheliticus 2 9 .3 92 .5 
Citharichthys spiloPterus 2 9 .3 92 .8 
E-y_c-Ln4a-s-P r a h_i-Limn 9 3 9 
Sicvonia hrevirostris 2 n 3 . 
PoriChthys porosissimus 2 8 .? 93 .5 
Symnhurus civitatus 2 6 .2 93 .6 
paraori annSnin r2 innata 9 
Anchoviella rerfasciata 

i L 
2 
2 

4 
3 1 94 0 ut.janus synagr s . . 

rerebellides stroemii 2 2 .1 94 .0 
('_vnncCinn arpnari 
fohi onP I 1 tis hol eosoma 2 2 . 1 914 .1 
Rollmannia communis 1 19 .5 94 .7 

'denotes Number of Observations 
2denotes Number of Individuals 
denotes Percent 

"denotes Cumulative Percent 
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TABLE F8 . List of macroepifauna and demersal fish taxa selected for cluster analysis with frequency of observation, 
abundance, and rank for Cruise II . 

'No . 2 No . 3 "Cum . 
Taxa Obs . Ind . 

Prionotus rubio 16 373 2 .1 2 .1 
Penaeus aztecu s lq 176 1 .0 3 .1 
Kal i eut i ch-t-F)Y-s acuTeatus 
Saurida hrastliensis 11 117 .7 4 .8 
Squilla chvdaeA 10 923 5 .3 10 .1 
Dio~ atra cu area lU 243 1 .4 11 .5 
LoTiqo peaTe 
SCIuilla empusa to 185 1 .1 13 .9 
l.eiolambrus nitidus 10 175 1 .0 14 .9 
Canth arus c "3ncellarius 10 111 

- 
.6 15 .5 

~o r tunus pt~ihesl t 9 U 
7 

* 15 
U 

16 .U 
4 16 Pi tar cor(iatos 10 6 , . 

Citharichthys spilopterus 10 74 .4 16 .9 
Ast_s.c_?~P~t .e n du~)la(us 9 3613 

-- 
20 .6 37 .5 

Stenotomus ceprinus 
Callinecies similis 

9 
9 

1391 
243 1 .4 

4019 
42 .3 

Etropus+crossotus 9 117 .7 42,9 
Cyclopsetta cf~ittendeni 9 bl .3 43 .3 
T ~C ypenaeus semiMs 
f,allinectes sapidus 

6 
fi 153 

2 . 5 
.9 

45015 
46,7 

Dip1PCtrum bivittatum N 109 .6 47 .3 
Centro ristis phil adelphicus 8 59 .3 47 .6 
rius ~eTTis 

Syacium punteri 7 129 .7 4 9 . 2 
Chloroscombrus chrysurus 7 107 .6 49 .9 
As c his elonaata 7 103 .b 50 .4 ~ 
Synodus oe£Pns 1 51 

4 
.3 
3 

5U11 
51 0 Serranus atrobranchus 7 6 . . 

Murex fulvescens 7 21 .1 51 .1 
Mr i su 'nea 7 ZO .1 51 .2 
vrtunus spinicarpus 
Sicyonia dorsalis 

b 
6 

iuU ts 
275 

~ .cs 
1 .6 

5- i,u 
58 .6 

Micropogon undulatus 6 111 .6 59 .2 
A ,p heus flori d?nus 6 68 .U 59 .6 
Anrennarius radiosus 
RaninoidPS lauisianensis 6 48 .3 60 .2 
(;ymnachirus texae 6 31 .2 bU .4 

Pr 
~s ti~omQides aquilona r is 6 16 .1 60 .5 

wnriopomA Eexastana 
6 8 0 60 6 Calappa sulcata . . 

Rollmannia communis S 194 1 .1 61 .7 
Pri n tus s t__e rnsi 

- 
5 51 .3 62 .0 

eT ebeT Tides s .roemii 
PJoetia ponderosa 5 28 .2 62 .4 
PorichthXs porosissimus 5 ?.6 

[ 
.1 62 .5 

~!e t n s S 23 .1 62 .7 
~eocarcinus o atus 

_i 

'denotes Number of Observations 
'denotes Number of Individuals 
denotes Percent 

"denotes Cumulative Percent 
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TABLE F8 (ConYd). 

1No . 2 No . 3 "CuT . 
Taxa Obs . Ind . % % 

Lo l I iquncula t) rev is S 12 .1 6?_ .9 
khynchocoela S 11 .1 62 .9 
~nUS~Qn no thu s _- 

ne Clenchl hi 
5 11 .1 t>3 .0- 

" i o 
AnaciarA hauqhmani 4 140 .H 63 .3 
1_eiostomus xanthurus 4 $3 .5 64 .3 
Macoma t a_qP l_i_tormi s 4 72 .4 64 .7 
Cynoscona~enar ius 
Symphurus plaaiusa 4 26 .1 65 .1 
Trachurus lathami 4 ?2 .1 65 .2 
nLstors_io cl~~t_hr~ta 

- 
14 17 .1 65 .3 

1 o~qi Los ris Pa ranenaei~s 
Acetes americanus carolinae 4 15 .1 65 .5 
~~olpadia cubanA q 10 .1 65 .5 

nita Pglse ~hone c~i q 9 .1 65 .6 _ 
lsepr i lus~u~t 1 
Hec~atus epheliticus q 6 .0 65 .7 
Anchoa hepsetus 3 130 .7 66 .4 
Anchoa mi tchilli 3 95 .5 67 .0 

- - TFicK-iurus -Tpturus 
4 3 

T:2 
67 5 Anasimus latus 3 4 . . 

nnthopleura krebsi 3 17 .1 67 .6 
IJrophycis cirratus 3 16 .1 67 .7 
StYeTa nl icaE-a----- 1-3 

1 
61 .1 
67 8 Paraprionospio r>innata 3 10 . . 

Polydactylus octonemus 3 10 .1 67 .9 
~nia brevirostris Sicy 3 9 .1 67 .9 

" 
_ 

~irotu-T4-h~-F kiaFa -- . 
Anchoa nASUta :3 8 .Q 66 .0 
t enirionotus variabi 1 is 3 7 .0 68 .0 

n a i v A s a Y a (11 3 7 . 0 68 . 1 ._ _ . 
Svmphurus civitatus 3 7 .0 6fi,1 
Ca.1_L i_ac _t_i ._s .__tr_.i_ca_l~.r f1L...z- 
.~consia striate 3 b ,0 f~8 .? 
Pavurus cool 1 icari s 3 4 .f1 68 .2 
Porcellana siasbeiana 3 4 .0 68 .2 
S -t-0 m.a LQtznsi ~--------.- 3 4 .0 68 .-S 
Psilaster cassione 3 4 .0 68 .3 
Lanodon rhornboides 3 3 .0 68 .3 
Penaeus setiferus 2 179 1 .0 69 .3 
A.mus_i_um-_czaciy_r_a .e_u m 2 153 9 70 .2 
Polystira relies 2 56 .3 7U .5 
Anchoviella perfasciata 2 24 .1 70 .7 
Conus austini 2 18 .1 70 .8 

2 17 L- 70 .9 
necantPrus Punctatus 

- 
2 16 .1 70 .9 

So lenoCera vioscai 2 13 .1 71 .U 

=notes Number of Ooservati ; 
1c)'' ~ iv,.atThPr of Inr1iV1Ciu3 
l0I cS I'PPC2f't 
'notes Cumulative Percent 
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TABLE F8 (Con't). 

1 No . 2 No . 3 "Cum . 
Taxa Obs . Ind . % 

Sinum nerspectivum 2 11 .1 71 .1 
Oqcocephalus radiatus 2 

2 
10 
9 

.l 
1 

7 
7 
1 .2 
1 3 Sthenelais boa . . 

Aspidosiphon albus 2 7 .0 71 .3 
.Am j2hinDlUS CO 
Ceratonereis irritabil s 2 

2 
5 
5 0 

71 
71 

.4 
4 Menticirrhus americanus . . 

Nyciroides protulicola 2 4 .0 71 .4 
A n a ri a.ra tr_ans.v P r c 
MYronsis quinguPSpinosa 

i 
2 
2 

4 
4 

.0 
0 

71 
71 

.5 
5 nata Libinia emarca . . 

Mpreidae 2 3 .0 71 .5 
R_e UnGh i rua di nn 
Ma J i ciae 2 3 .0 71 .5 
CoelocPrus spinosus Z 3 .0 71 .6 
Squilla 2 3 .0 71 .6 
PriaCan h iS gr 
Stellifer lanceolatus 2 3 .0 71 .6 
Octocorallia pennatulacea 2 2 .0 7 1 .6 
l.umbrineris 2 ? .0 7 1 .6 
r r ep-i-d ul_a-f_o.rn ic a S-a 2 2 .0 7 1 6 
Anadontia alha 
Corhula tontracta 

2 
2 

2 
2 

.0 

.0 
7 
7 
1 .6 
1 .7 

StPnopus scutellAtus 2 2 .0 7 1 .7 
Pn.cinGhp-1a-1_ame 1 I i g e r e 
l.utjanus CompeChanuS Vfl 2 .0 1 71 .1 

'denotes Number of Observations 
2 denotes Number of Individuals 
3 denotes Percent 
'`denotes Cumulative Percent 
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TABLE F9 . List of macroepifauna and demersal fish taxa selected for cluster analysis with frequency of observation, 
abundance, and rank for Cruise III . 

1 No . 2 No . ~ "Cum . 
Taxa Obs . Ind . % % 

Symphurus Civitatus 3 7 .0 6(i,l 
C.d Ll_iaC_LSs _t r i r n )n r 
Sconsia striate 3 b .0 68 .1 
Pagurus pollicaris 3 u .n 68 .2 
Porcellana sigsbeiana 3 4 .0 68 .2 
atnmatnpn 
Psilester cassiope 3 14 .0 bti . 
Laaodon rhomboides 3 3 .0 68 .3 
Penaeus setiferus 2 179 1 .0 69 .3 
Am~~c j~~m r~ao X.P~3 9 70 .2 
F'ol ystirs tellea 2 6 U . 
Anchoviella perfascista 2 24 .1 7 70 . 
Conus austini 2 18 .1 70,8 
P_r i nnnt uS__pHLa1-a 

Decantertis punctatus Z 16 .1 70 .9 
Solenocera vioscai 2 13 .l 71 .0 
Sinum perspectivum 2 11 .1 71 .1 
Kath.e tas.-Lama_altiig 1 
Clqcocephalus radiatus 2 10 .1 71 .E 
Sthenelais boa 2 9 .1 71 .3 
AsPidosiphon albus ? 7 .0 71 .3 
1lmphionlus co 0 7 
Ceratonereis irritabilis 
Menticirrhus americanus 2 5 .0 71 .4 
Hydroides protulicola 2 4 .0 71 .4 
,A.nariara t ransver U 
Myronsis quinquespinosa 

h 
2 
2 

4 
4 0 

1 . 
71 5 inia Pmarqinata Li . . 

Mereidae 2 3 .0 71 .5 
PP t r n c..h-i ryia ci i n qP n e 71 .5 
Majidae 2 3 .0 71 .5 
CoelocPrus spinosus Z 3 .0 71 .6 
~Squilla 2 3 .U 71 .6 
P r i ~c-ariih .u s a r e-natuS 2 3 .0 71 .6 
Stellifer lanceolatus 2 3 .0 71 .6 
Octocorallia pennatulacea Z 2 .0 71 .6 
Lumbrineris 2 2 .0 71 .6 

7 
Anadontia albs 2 .0 71 .6 
Corbula contracta 2 2 .0 71 .7 
Stenopus scutellatus 2 2 .0 71 .7 
Pad o c h P 1 a 1 a m eLL_i_LieLg- - 0 7 1 . 7 
LutjanuS CAmpeGhanuS " 0 11 .1 

'denotes Number of Observations 
2 denotes Number of Individuals 
3 denotes Percent 
"denotes Cumulative Percent 
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APPENDIX G 

Distribution of Taxa by Station for Each Cruise . 
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TABLE G1 . Distribution of meiofauna taxa by station for Cruise I. 

'Stations 
OO0000UUu0U0A00Q000000U0100000U022e? 
111111112222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP.GCCC 
NNEESSwwNNEESSwwNNEESSWwNNEESSww 
020202020202020202020202 0 2020202 
50505050505050505050505050505050 
00000000000000000000000000000000 

Taxa 00000000000000000000000000000000 

Nonionella besiloba .xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Sabatieria .xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Gromiidse .xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
CYatholaimidae ,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
heristus xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Ammonia beccarii .xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Chromadoridae ,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Dog lAimo sis .xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Buliminella morgani .xxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxx . 
Terschellinoia .xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
9olivina lowmeni xxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxx . 
Echinoderes .xxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxx . 
linhomoeidae .xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Nematode .xxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxx x . 
Helalaimua ,xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxx xxx, 
Choniolaimidae .xxxxxxxxxxxxxxxxxxx xxx xxxxxxxxxxx . 
Mete omesome xxxxxxxxxxxxxxxxx xxx xxxx xxxxxxx x . 
Notomastus latericeus .xx x xxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Microlaimus , xxxxx xxxx xxxx xxxxxxxxxxxxxxxxxx . 
Parodontophora .xxxxxxxxxxxxxxxxx xxx xx xxx xx.xxx x . 

'An x indicates occurrence in at least one core per station . 



TABLE G1 (Cont'd) . 

w 
N 
O 

'Stations 
OOqooouuuuUOO0000000000004o400UU222? 
111111112222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP~CCCC 
NnIEESSwwNNEE33wwNNEESSwwNNEESSww 
02020202020202020202020202020202 
50505050505050505050505050505050 
00000000000000000040000000000000 

Taxa 00000000000000000000000000000000 

Tricoma .xx xxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
SDhaerolaimus ,xxxxxx xxxxxxx xxxxx xxxxxx xxxxxxx . 
Fursenkoina complanata x xxxxxx xx xxxxxxxxxxxxxxxxxxxx . 
Uncholaimidae .xx xx xxxxxxxxxxxxxxx xxxx xx x xxx 
Psracomesoma . .xxxxxxxxxxxxxxxx xxxxxx xxxx xx x . 
Desmodoridae .xxxx xx xx xxxxxxxxxxxxxxx xxxxx . 
HelGCtinosoma ,xx xx xxxxxxxxxxxxx xxxxx zxxx x 
Axonolaimidae , xxx xx xxx xxxxxx xxxxxxxxxx xx . 
Haloschizopera .xx xxxxx xxxxx x xxx x x x xxxxxxx . 
Uesmoscolex .xxxxxxxx x x x xxxxxxxxxxx x x x . 
Turbellaria .xx x x xxxxxxxxxxxxxxxx x xxx x. 
Miliolacea x xxxxxx xxxxxxxxx xxx xxx xx . 
Eubostrichus .*xxxxxxxxxx xxx xxx xxx xx x . 
Lagenammine comprima ,xx x x x xxxxxxxxxxxxxxx xxx . 
Teach demus .xx xxxx x x x x x xxx xxxxx xx xx . 
Reophax scottii xxxxx xxxxx xxxxxxxxxxxx . 
Ceramonematidae .x xxxx x x xx xxxxxxxxxx xxx . 
E sells bred i .xx x xxx xx xx x xxxx x x xxx x . 
Cletodidae~ ,x x xxx xxxxx xxxx x x xx xxx 
Paramonhyetera .xxxxxxxx x x xxxxxxx x xx 

'An x indicates occurrence in at least one core per station . 



TABLE GI (Cont'd) . 

'Stations 
0ooooouuuuuooooo000000000ooooouoz222 
iifiitIi2222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPCCCC 
NNEESSWWNNEES3WwNNEES3WWNNEESSWW 
02020202020202020202020202020202 
50505050505050505050505050505050 
0000000000000000040000000000000 
00000000000000000000000000000000 

Taxa 
Bu 9mina mar inata . xx xx x x xxx x xxxxxxxx x x. 
~Monhystera .xxxxxxxxx xx xxx x x x x xx . 
Hivalvia ,xx xx xxxxxxxxx xxxx xx 
Bolivina striatula .x xxxxxxxx x xx x xx x x xx 
Fursenkoina pontoni x xx x ' x xxxxxxx xx xxx xx . 
Copepods .x xx xxxxxxxx xxx x x xx 
Rh nchocoela ,xxxx xx xxxx x x xx x x xx 
Uiosaccidae . x xxzx x xxxxxxx xxx x x 
Ammoscataria pseudospiralis ,xxx x xx xxxxxx x x x xx x 
Papa rionospio Pinneta , x x xxx xxxxx xx x x x x x 
Cibicides concentricus xxx x x x xxxxxxxx xx . 
Ironidae .x xxxx xxxx xxxxxx x 
Am harete americana .xxx xx xxxxxxxx x x x 

Monhysteridae ,xx x x x xxxxxxxx xx x . 

Elphidium gunteri , x zx x xxxx xxx xx xx x . 
Ho14phryidae , x x x x- xx xxxx xxxx xx . 
3igembre tentaculate !x x x xxx x *xx xxx x x x 
Buliminella elegantissima , xxx x xxxxxxx x xx x . 
leptolaimidae xx x x x x x xxx xx xx x 
Theryx marioni . xx x x x x x xxx xxx xx . 

'An x indicates occurrence in at least one core per station . 



TABLE G1(Cont'd) . 

w 
N 
N 

1Stations 

OAOOOOUUu0U0A00400000000OQ0000UUZ22? 
111111112222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP:CCCC 
NNEESSWwNNEESSWWNNEESSWWNNEESSWw 
02020202020202020202020202020202 
50505050505050505050505050505050 
00000000000000000000000000000000 

Taxa 00000000000000000 000000000000000 

Florilus atlanticus 
Cervoneme 
Longipedia helgolandica 
Aricidea 
Textularia ear1 andi 

x xx x xxxxxxxx xx . 
x x xx xxxxx xxx x 

xxxxx xxxx xxx x . 
x x xxx xx x x xx xx 

. xxxxxxxx x x x x x 
Pycnophves , x xx x x x xx xx ,~x x x 
Ameira xxx xxxx xxx xx 
Si honolaimus .xxxxxxx x x x x x . 
Nephtys incise x xx xxx xxx xx x 
L,agenamMina diflugiformis .x x x xx xxxxx x . 
Ox stominidae , xxxx xx x xx x x 
Prionospio cirrifera .x x x xx x xx x x x . 
Enhydrosoma hopkinsi xxxxxxxx x x 
Stenhelia , x xxx xxxx xx . 
Richtersia x xxx xxx x x x 
Laimella x xxx x x x xx x . 
Ouinqueloculina compte - x x x xxxxxx x 
Campylaimus 
Hantawaia strattoni .x 
Ouinqueloculina vulgaris 

x x xx 
xxxxxxxx 

xxxxxx x 

xxxx x 

xx 

'An x indicates occurrence in at least one core per station. 



TABLE G1 (ConYd). 

w 
N w 

' Stations 

Oqp00000uU00000000000000000000~02222 
lllllill222?222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP.CCCC 
NNEESSwwNNEESSwwNNEESSwwntNEESSww 
0202020202020 20202020202 020 20202 
50505050505050505050505050505050 
00000000000000000000000000000000 

Taxa 0000 0000000000000000000000000000 

Rhizopodea filosia 
Stenhelia unisetosa 
Uvigerina belluta 
Enhydrosoma 
Kinorhyncha 
Polvchaeta 

,x xxx x xxx x 
x x x x xx xx x 

xx x xx xx x x 
HYdrotoe xx- xx x xx x x 
Chone x- x xxx xx xx 
Hy odontolaimus xxxxx xx x 
Comesomat dee x x x x x xx x 
Leptolaimus x xx x x x x x, 
Herpacticoida .x x x xx x x x . 
Axonolaimus - x x , x x x xx x 
AntiCOma x x xxxxx 
Cossura delta .x x x- x x xx 
Amphiescus minutus xxxxx x x 
Textutaria conica x x xxx xx . 
Gastropods . x x x x x xx 
3sbe iphilidee xxx xxxx 
Cletodes tenuipes xx x xxx x 

.x x xxxxx x x 
xxxxxxxx x 

xx xxxxxx x 

'An x indicates occurrence in at least one core per station . 



TABLE G1 (Cont'd) . 

w 

'Stations 

00000000uU000000000000f10100000UU222? 
1111liil2222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPCCCC 
NNEESSwwNNEESSwwNNEESSWwNNEESSww 
02020202 02020202020 20202 02020202 
50505050505050505050505050505050 
00000000000000000000000040000000 

Taxa 0000000000000000000000000000000 0 

'Ciliates holotrichis x x x x x x x . 
Enoplidae xxxxx x 
Eleutherolaimus xxxx x x 
Normanella serrata ,xxx x x x 
Idote dee x xxx xx 
Cancris aegre - xxx xx x x . 
Florilus grateloupi x xxxx x, 
Armandia macu ata x x x x x x 
Paraonis gracilis xxx xx x . 
Stenhelia mastigochaete xx x x x x 
ronviCular a compressa x x x x x x , 

Campanulariidae . : x xx .x xx 
Bulimina elegans .x $x x x 

ug ae x x x x x 
lenticuline peregrina x x x x x 
Ectinosomidae x x x x x 

flener na rregu ar s -:- xx x x x 
Ectinosome . 

, 
xx x x . 

CibiCides deprimus -- x xxx 
n y rosome onq urcatuT .x xx x 

'An x indicates occurrence in at least one core per station . 



TABLE Gl (ConYd). 

'Stations 

w 
N 
U 

Taxa 
Normanelle confluens 
Discorbis sauamata 
Clytia 
Pyrgo cerinate 
Corbulidae 
Enchelidiidee 
O1 isaochaete 
Prorodon marinus 
Podocope 
Cyclopoida 
Ciliates peritrichia 
MetacYatholaimus 
Pyrqo oblongs 
Oxystomlna 
Eponides antillarum 
Fursenkoine compresse 
$tenhelie lonaicaudat 
Uvigerins pervula 
Cletodes dissimilis 
Odontophore 

oooooououuooooooooooooo00ooooouoz2z2 
111111112222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP.cCCC 
NNEESSWwNNEE33WWNNEESSIMWNNEESSWW 
02020202020202020202020202020202 
50505050505050505 6!"505050505050 
00000000000000000000000000000000 
00000000000000000000000000000000 

x x x x 
.x x x x 

x x x x 
x x x x 

x x xx 
x x x x 
x x x x 

x x x x 
xx x x 

,x x x x 
x x x x . 

x .xx 
xx x 

xx x 
x x x 

x xx 
x x x 

xx x 
x x x 
xxx 

1 An x indicates occurrence in at least one core per station . 



TABLE G1(Cont'd) . 

w 
N a 

'Stations 
0000000Uu0000000000000000000000022e2 
1111ii112222222233333333444444441234 
PPPPPPPPPPPPF'PPPPPPPPPPPPPPPPPPP.CCCC 
NNEESSwwNNEESSwwNNEESSwwNNEESSww 
0 202 0202 02 0 2020202020 20202020 202 
50505050505050505050505050505050 
00000000000000000000000000000000 

Taxa 00000000000000000000000000000000 

Camecolaimus x x x 
Trifarina belle x x x , 
M a o' x x x 
Tervaia x x x 
Diurodrilus .xx x 

Typhlemphiescus temeil ;fer .x x x 
Cvthereila , x xx 

r 'n x x x 
Magelona phyllisae xx x 
Acartia tonsa x x 

n Po lygon s x x 
Melanin . x x 
Sphaerolaimidee x x 
Leaene soiceta x x 
Anticomidae x x 
Cillatea suctoria suctorida x x 
A ar'n .x x 
CorYnidae x x 
Cestode . x ' x 

'An x indicates occurrence in at least one core per station . 



TABLE GI (Cont'd). 

'Stations 
v0000000u«uoooooacoo0000,1000000022zz 
111111112?_2?2222333353334uy44v,i41Z .iv 
PPPPPPPPPPPPF'PPPPPPPPPPPPPPPPPPP.CCCC 
NNEESSwwNNEESSwwNNEESSwwNNEESSww 

2Q?0?02020?0202020202_02-- 020202020 . 
50505050505050505050505050505050 
00000000000000000000000000000000 

Taxa 04000000000000000000000000000000 

Semn d r dae x x 
Calanoida x x 
Paralaophonte x x 
Robert urne a rostrata xx 
Gymnotaemata Ctenoatomata . x x 
tubuler iidae xx 
Ceteria xx ---" -- 
Microlaimidse x x . 
Annelids xx 
Stheneleia boa x x 
Lumbrlnerls tennis x x . 
Zausodes arenicolus . xx 
Coy ceeus x x 
Ergasilus versicolor x x 
Neocentrophyea x x 
Am himonhYStera x x 
An+e i r t dae , x x 
Vetodes x x 
Viscosie x 
EnhYdrosome 1 1 +s . x 

' An x indicates occurrence in at least one core per station . 



TABLE G1(Cont'd) . 

'Stations 

W 
N 
OD 

040oo0uuv0u000040o000400OO000ovUZ222 
1l111t1l22~2222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP.r-CCC 
raNEESSwwNNEESSwwNNEESSWwNNEESSww 
02020202020202020202020 t~1 0202 0202 
50505050505050505050505050505050 
00000000000000000000000000000000 

Taxa 00000000000000000000000400000000 

Ouinqueloculina poeYana x 
Si hotextularia effinis x 
Textularia mayors x 
Ampharete ecutifrons . x 
Herpacticidee x 
Euterpina acutifrons x 
Pseudemeira perplex x 
EnhYdrosoma uniarticulatum x 
Enhydrosoma sarsi x 
IsoPoda x 
6olfingia x 
Brizaline fra9ilis x 
Tripyloididae x 
Cemacolaimidae x 
Euglyphidae x 
Haplophragmoidea . x 
Ciliates holotrichia x 
gymnostometida rhabd.ophorina 

Tracheliidae x 
Coelosomididae ~ x 

1 An x indicates occurrence in at least one core per station . 



TABLE GI (Cont'd) . 

W 

1 Stations 
00000000uU00000000000000000000U02222 
itlliiil2222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP,r-CCC 
NNEESSWWNNEESSNWNNEESSNwNNEESSwW 
020202020202020202020202C2020202 
50505054505050505050505050505050 
00000000000000000000000000000000 

Taxa 00000000000000000000000000000000 

Epistylldae x 
3cyphidlidae , x 
Tintinnopsis subecute x 
Tintinnopsis tocatinensis - x 
Tintinnopsis cf . T. ovalis x 
Petelotricha x 
Trematoda x 
Homalorhagi da --- - _ ~- - - .--x - - 
PfeotonChus ~ x 
3Yllis qrscilis x 
Yitrinelle helico dee x 
Volvulella texasiena x 
Nuculs cf . N, proxime x 
Nuculana concentrica - , x -
Cladocera x 
Ptery4ocytheris . : x 
Loxoconcha x 
Tisbidae , x 
Normanel 1 a x 

'An x indicates occurrence in at least one core per station . 



TABLE Gl (ConYd). 

1 Stations 
0000000uu00000040000000000000000224!2 
11f111132222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP:CCCC 
NroEESSWwNNEESSwwNNEESSwwnINEESSww 
02020202020202020202020202020202 
50505050505050505050505050505050 
00000000000000000000000000000000 

Taxa 00000000000000000000000000000000 

w W 0 

nt nnopsis x 
Oxytrichidae x 
Sertularildae x 
net ostomul i da x 
Monoposthiidae ~ " x 

Normanella muCronate x 
Paeudameira x 
Cletodes longicaudatus x 
C etodes Iimlcola 1 mico a x 
Cietodes tatiroatris x 
Robert urneya ilievecensis x 
Oithona colcarva x 
Onchnesoma ~ ~ x, 

Ectoprocta x 
Oikopteura x 
Marginulina obese x 
Ouinquetoculina sabulosa x 
Rose na ert e of x 

Caasidulina 
, x 

Coeloaomides x 

'An x indicates occurrence in at least one core per station . 



TABLE G1(Cont'd) . 

w w 

'Stations 
0000000UU00000000000000000000OU0222a 
1lfiit1l2222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP.CCCC 
NrvEESSwwNNEESSwwNNEESSNwNNEESSww 
024202020202020202020202 4 2020202 
50505050505050505050505050505050 
00000000000000000000000000000000 

Taxa 00000000000000000400000000000000 

Euchromadora x 
Deamosco ec dae x 
Leptosometidae (nematode) x 
Periploma x 
YOdOCOpe . x 

Philomedidae x 
Cythcruridae x 
araca anus cress rostr s x 

Acart i a x 
Laophonte cornuta x 
obertflurneya eceudsta , x 
Echiure - x - 
Asteroidea x' 
CyC Orhag e x 
Tubificidae x 
Limnodriloidea medioporus x 
Tiqropus x 
Schizopera x 
Mesochra lilljeborgi x 
Tetragoniceps x 

'An x indicates occurrence in at least one core per station . 



TABLE G2. Distribution of meiofauna taxa by station for Cruise II . 

w 
w 
N 

`Stations 

000000000000000000000000000000000000000000111111 11111111111111222222 
11111111222Z2222333333334qq444q45566778899001I2233445566778699001234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPSSS3SSSSSSSSSSSS3SSSSSSSSSSSSSSSCCCC 
NNEESSwHNNEES3WWNNEE3SwWNNEESSwWNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 
o2o2ozozo2ozozozozozozozozo2ozozo2ozuzozuzozozozozozozotozutoZOz 
5050505050505050505050505050505050505050505050505050505050505050 
OOOOOOOOOOOOOOOOOOUOOOOOOOOOOOOOOOU00000000000000000000000000000 

Taxa 000000000000000000000000000000000000000000000000 0000000000000000 
Sabatieria ,xzxxzxxxxxxxxxxxxxxxxxxxxxxzxxxxxxx xxxxxxxxzxx xxxxxxxxxxxx xxxxxx . 
Gr zxxxxzxxxxxxzxxxxxxx xxxxxxxxxxxx xxxxxr;xx xxxxxx xxxzxxxx xxxxxxxxxx . 
Holivina lowmani ,xxxxxxxxxxxx xxxxxxxxxxxxxxzxxxxxxxxxxxxxxxxxxxxxxxx xxx xxx xxxxxz . 
Bulimlnella morgeni ,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx x x xxxx xx xxxxxx . 
Cyatholaimidae xxzxxxxxxxxxxxxxxxxxxxxxzxxxxxxxzx xxzxxxxxxxxx xxx xxx xxxxzxx xx . 
Linhomoeidae ,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxx xxxxxx x xxxxxx xxxxxxx xx . 
Theriatus .xxxxxxxxxxxxxxxxxxxxxxxxzxxxxxxxxx xxxxxxzxxxxx x xxxxx xxxxxxx xx . 
Do la'm is xxxxxxxxxxxxzxxxxxxxxxzxxzxxxxxxxxxxxxxxx xzxxx xxxxxx xxx xxx xx . 
Nonioneila bssilobe ,xxxzxxxxx xxxxz xxxxxxxxxxxxxxxxx xxxxxxxxxxxxxx xxxxxxxx x xxxxxx, 
Cl+oniolaimidae ,xxxzxxxxxxx x xxxxxxz xxxxx xxxz x xxx xxxxx x xxxxxx xxxxxzxxxx, 
ers hellin is .xxxxxxxxxwxxxxxxx xxxxxKxzxxxkxxxxxxxxx xxxxxx x xx x xxx x, 
Ammonia betearii ,xxxxxxxxxxzxxxxxx xxxxxx xxxxxxxxx xx xxx xxxxxx x xx xxxxxx, 
Layenemmina comprima ,xxxxxxxx x xxx xxxxxxxzxxxxxxx xxxz xxx xxx x x x x xxxxxx, 
Desmodoridae xx x x xxxx xxxxxx x xxxxxxxx xx x xxxxx xxxxxxx xxxxxx xx . 
Tritoma xx x x x xxxxxxzxxxxxxxxzxx xxx xxxxxxx xxxxx x xx xx . 
Fursenkoina complanata ,x xx x x xx xxxxxxxxxxzxxxxxx xxxxx x xxx x xxx x xxz, 

aersinus xxx xxx xxxxxxxx xx xxxxxxxxxx z xx x x xxxx xx xx xx, 
RhynchoCOela , xxx x xxxxxxxxxxxxxxxxxxx xxx xxxxx xx x xxx x xx, 
Euboatrithus ,xxxxxxxx x x xxxx xxxxx xxx xx z xxxxxx x xx x xxx xx . 
Metacomesoma ,xxxxxxxxxxxxxxxxxxxx x xx xx x xxxxz x xx xxx xx . 
Sigembrs tentetulats ,x xx xxxxxxxzxxxxxxxx xxxxx xxxxx xxx x x xxx xx . 
Cibicides concentricus .x x xxx xxxzzxxxxxxxxxxx x x xxxxxx x xx xx xx xx , 
MiCroleimus x xx x x xxxxxxxxxYxxxxxx x xxx x xx xx xxxx x xx xx, 
Chromedorldee , x x xxxxxxxxx xzx x x xxxxxxxx x xxKx x x x xxxxx x . 
MelelaiTUS .x xx xx xxxx z xxxxx xxx xx z xxxxx xxxxx xx x xx . 
Uncholaimidee .z x xxxx xx xxxxxx x xx x x xx xxxx xx xxxxxx 
EcAinoderes .x xx xxxxxxRxxxxx x x xxxxxz x x x x x xxx xx . 
fsrodontophors , xxxx xxxxxxxxxx x xxx x xx xxxxxx z x x x x, 
Ax nolsimidae x x xx xxz xxxxxxxx x xxx' x xxzx xxxx xx . 
CeramoneTetidae xx x x xx x x xxxxxxzx xxxx xxxxz xxx x x . 
Uesmoscolex x z x xxxxxxxxxxxxx'x " X x xxxxxx xxz x x . 
E erella brad v i , x x x x z xxxxx x x x xxK xxxxxx x x xxxx x . 
Nematode . xx xx x x xxx xxxx xx x xxxx x xxxx xx x x, 
8olivins strietula x x x xx xx zxxx xxxxxxx x x x xx x x xx, 

`An a indicates occurrence in at least one core per station . 



TABLE G2 (Cont'd) . 

w w 
w 

'Stations 
OOOOOOOOOOO00000000000000000000000U000000011111111111111111111222222 
1111111f22222222333333334uq4v4q4556677889900112233445566778899001234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPSSSSgSSSSSSSSSSS3SSSSSSSS3SSSS3SCCCC 
NNEES;iWWNNEESSWWNNEE3SWWNNEESSwWNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 
o?ozo?o2ozo?o?ozo?ozo?o_zozo zozo?ozu2u 2ozuzo 2 ozozotozotozozutuzoz 
5050505050505050~~50505050505050505050505050505050505050505050 
ooooo0ooooo00ooooouooooo00000ooooovooououooooo000000000000000000 

Taxa OOQOOO0OOOUOOOOO00o000000000000000000000U00000000000000000000000 
1urbellarie x zxx xx xxx xxxxxx x x xx x x x xxx xx . 
Notomestus leteriteus x x xxx x x x x xx xxx x x x xx xx xxx x z . 
Ari~cidee .x x x x zxxzxxxxxxxx xx x xx x xx zx . 
BuliTinelle ele entissime xx x z xx xxxx x xx xxxx x xx xxxx z . 
Monhysterldae . x xx x x xx x xx zxz xx xx xxx xx xx x, 
Bulimine mergineta , x x xx xx x xx x xx x xxx x x x x xxxx x . 
Ox atomins .xxxxx xxxx x xx x xxx xx x K xx x x x . 
Copepods x xx x x xxx xx xx xxxx x x xxxx x , 
Paracomesome x xxxxxxxxzxxxx x x xzxx zx , 
Le tolalmus x xxx xx x x x xx xx xx x x x x x x , 
Acarina ,x x x zxx x x x xx x x x x xx z x x . 
Laimella , xxx xx x x x x xxxxxx x x xx z 
Reo hax stottii , x x xKx zxxxxxxx xxx xx x , 
Florllus stlanticus xx x xxzxxxxx x xxx x xx . 
Trachydemus x x xxx xx x zxxxx z x xX, 
Fursenkoina ontoni x x x xxxxx x xx xxx xx, 
Miliolaeea z x x x xx z xxx xx x x xx, 
Halettlnosoma x xxx xx x x xxxz x x xx . 
Acartia tones xx xx x x xxxx x x xx 
Peracalanua cresslrostris ,xx xx zxx x x x x x x x . 
Cemecolaimus x K xx z xx xx x x x x x 
Cancris ssqrs , xx xx x xxxx x x x x 
Higenerina irregularia x is IF- x x x x x xx x x . 
Uithona colcarva x xxx x x x xxxx x 
Uvi4erina be11u1a x x x x xxx xxx x, 
HelosChltopere x xxzx x x x xx x , 
Textutaria meyori x x xKxx x x x x x 
Ammoacelarie pseudos irelis , x x x x x x x x x xx . 
CeTpylslmus , x xxx x x x x xx x , 
Richtersis x xzxx x xx x 
Lagenemmine diflu9iformis x x x xx x x x xx . 
Leptolaimidse l x xx x x x x x x x 
Quinqueloculina compta I ,x x xx x xx x xx 
Tharyx marioM , x x xxz - - x x x xx 

'An x indicates occurrence in at least one core per station . 



TABLE G2 (Cont'd) . 

'Stations 

w 
w 
A 

OOOOOOGOJG :?OUUOAOOOOOOOOOOO0UOOOOOUOp0000011Illlltlil11111111f222222 
1illtilf222222Zc~33333333uuuuqqqn556677BB990o11?.233U4556677e89voo123a 
PPF~PPPVPVPrPPPNPPGPPPPf'PNPPPI'PPPSSSS9S ;iS'iSSSSSSS3iSS5F-SSSSSSSSSSCCt;C 
WNEESSW HFJiJLESSWWNNEESSrIWNNEESSWWNNNNVNNNNNNNNNNNtINf :HfINNNNtJNNNNN'u 
0?'J(Qi0.7.n?O02U2020?172U2U2()7.G7.020?U2U20?U2U20202U2(12020?02UZU2'J2 
So;U505U!:oSoi05o5050505o5o-io505o,o5U5o505o5o5oSU5o5o5o5U5oSOS050 
oooenoC(?QOOOOOOOOOUOOOOOUOOODOUOVOUOOOUOOUO(1000UOOUUOGOOU0000000 

Taxa nooocooocooooo00000ooooouooocoaooooooooouooooooooouauooouooooo00 
PYCnoPhyes , x x x xxxx xx x 
Mediomastus csllforniensis x z x x x x xx x x, 
Paraonls rac111s z x x x x x x xxx 
Eponides snt111arum x xxx x xxx x . 
Elphidium gunteri x x x x x x xx x . 
TYphlamphiascus lamellifer xx x x x xx xz , 
Cervonewe , x x xx xz x x 
Cossura delta xxx x x x z x . 
Oxystomlnidee x x xxx x x x 
Hypodontolaimus , xxx z x x x 
Monhyatere .x xx xxx x 
Trifarina belle x xx x xx x 
Enchelidiidae xx x x x x x 
Cibieldes depri~nus x x x x xx 
NorManelie confluens xr x x x x . 
Ironldae x xx x x x 
Discorbis sque~nata x x x xx x 
Odontophora x x x x xx 
Uvi9erine pervu s x x x x xx 
Enhydrosoma hopklnsi x x xx x x 
Comesomatidee xxxx x x 
Chone xxxx x 
Monoposthlidse x xx xx 
Corbula eontrstta x x x x x . 
PrionosPio elrr fee x x x xx 
Textuisrts esrlandi x z x x x . 
Pol chaeta xxx xx 
Holophryidae x x x x x 
Magelona phyllisse x xx xz 
Neotonehus , xxx x, 
Enop idea x x xx 
Oiosaecldae x z x x 
Paramonhysters x x x x 
areprionosP o p nnata .x xx x 

'An ,c indicates occurrence in at least one core per station . 



TABLE G2 (ConYd). 

w w 

'Stations 
OOOOOOOOOOOOOOOOOO0000000000000000uo00000011111t11111111111111222222 
11111111222222223333333344444q4455b677899900112233v45566778999001234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPSSSS9SSSSSSSSSSSSSSSSSSSSSSSSSSSCCCC 
NNEESSWWNNEESSWwNNEE3SWWPiNEESSwWNNNNNNNNNNNNNNNNNNtJNNNNNNNNNNNNN 
ozo2 o?o zozozozo?o zozo2o2o?o2ozozo2oZUZOZUZOZO?o?ozozozozo2 uzozoz 
505050505050505050505050505050505050505050505vi0505o505050505050 
OOOOOOOOOO0OOOOOOOUOOOOOOOOOOOOOUOUOOOU0000000000000000000000000 

Taxa OOOOOOOOOe00000000U000000000000000000000U00000000000000000000000 

Ciliates Aolotrichia x x x z . 
Oncbolaiwus xxx 
Metsc roma ors xxx 
Melonis xx x 
Nephtys incise , xx x , 
Anticoma xxx 
Stenhelia mestigoehaeta x x x , 
Siphoteztularla affinis x x x, 
letodes tenuipes -- x x z 

CYClopoida x x x . 
Cemecolsiwidee x xx 
K norhyncha x ,xx 
Anciatrosyllis lonesi x xx 
Nerpactlcoida x x x , 
letodes lonqicaudstus , x x x , 

Celenoide ,x x x 
Siphonotaimus x x x 
Archianne ids x xx 
Frondlcularla compress* x x 
Dasynemella _ xx 
to t i nOSOma x x , 
HYdrozoe Y x 
Xyals xx 
Tripyloididse xx 
.Cletodes x x 
Le ens striate x x 
Comesoms x x 
Ectinosowidse xx 
Phanodermstldee x x 
Pyrgo caoinata x x . 
Corynidse x x 
C et d d e x x 
Amphiastus minutus x z , 

'An x indicates occurrence in at least one core per station. 



TABLE G2 (Cont'd) . 

w 
w 

'Stations 

OOOOOOCOOOOOOOOOOOOOOOOO0000U00000000000U011111111111111111111222222 
1fit1f112227222233333333aqu4444u55667786v9001i2233va556677889900123u 
PPPPPPFPPPVPPPHPPPPPPPPPPPPPPPPPSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSCCCC 
NNEESShWNNEESSWWNNEE3SWWNNEESSWWPJtJiJNfVNNNNNNNNNNNNNIJNNNNNNtJNNNNNN 
0202020202J20202020?02U2020 2U? 0202U2U202U20202020202 02U202U2U20 2 
5050<<~5050505050505050505050505050505050505050505050505050505050 
OOUOOOOOOOOOOOO000U0000000U00000U0u0U0U00000000000U00000000000J0 

Taxa OOROuU0000000000000000000000000000000000U00000000000000000000000 

Stenhelia longieeudata finmarchita , xz , 
r t z s x x 

Longipedia helgolendiea .x x . 
Saphirella x x 
Nu ule f N r x ;ma x x 
Paradoxostoma , x x 
Pellueiatome z x 
Enh dr aoma A x z 
ScYphidi ;dse x 
Florilus grateloupi x . 

at o a x 
Loxotonche serasotana , x 
PseudomesoChre x 
r x 

lenticulina peregrina x 
Ciliates x 
Ch me re laimide x 
Tarvaia z 
Amphimonhvstera x 
Pseudonchue z . 
leptosomatidae (nematode) x 
Armandia maculate x 
Am harete x 
Corbulidae x 
CYtherelle x 
Nit r x 
Pseudemeira x 
Cletodes limicols limicola x 
Am hiastus x 
RobertqurneYa rostrsta x 
Robertgurneva diverse x 
TetreaoniciDitldae x 

'An x indicates occurrence in at least one core per station . 



TABLE G2 (ConYd). 

I Stations 
000000000oooooaooooo0ooooouooooooouooooooo>>t>>>>>>il I iI 111111222222 
tt1111112222272233333333u44444a455667789V900112233445566778999001234 
PPPPPPVPPPGPPPPPPPVPPPVVpPPPVPPPSSS3SSSSSSS3SSSS3SSS5S5SSSSSSS3SCCGC 
NNEESSYIIINNEESSWWNNEESSMWNNEESSMYINNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 
otozozozotozozozotozu?uzuzozu?otozuzuzozuzuz ozoz otozozozozuzo?oz 
5050505050505050505050505050505050505050505050505050505050505050 
OOOOOGOO0OOOOOOOOOUOOOOOOOOOOOUOUOUOOOU0000000000000000000000000 

Taxa Ooo0C00iCO000o0000U000000000000000000000u00o000000U0000000000000 

Ontses ti 
Ervssilus x 
Er asilus we seeros 
Pseudsnthesstus 
Svnehelldiuw swerleanum w 
Rhithro ono eus Aerriali a 
OstelChtAY*s s 
Rhynchoneme R 
CI+romedor1a deswodorfds 
Cheetonewa M 
Diffluylida* x 
Ouin u*loeulina vul erfe 
Marplnullns obese a 
BrIzsllna fre9ilis r 
Ciliates holotrl his s ostoeatlda K 
C1116t94 PeritN ehls . ti 
Ev1etYlidee x 
H dr : a h drolde anthowtdusee 
Axonolelwus x 
98tAylaiwus x 
Meslonidot R 
liYPtis vtttat " . x 
AnCIstrotYllfs . x 
SYllidee . x 
Nereis x 
Dorvilleidse x 
Verwetidse 
Petritolidee x 
Harbsnsus paueiehslstus x 
CYthsroworPhe " x 
Psretalanus " K 
Psrscalenua seulestus K 
Centropeqet furtatus R 

Pseudodlaptowus x 
femora turbinate x 
Cletodes dlsslwllli x 
Cletodes eertheqfnienais . x 
Enhrdrosome lacunae x 
stenhelte unisetoss x 
Sttnhella ref exe x 
Erpasilus vertieolor x 
Ssbelliphilldee x 
Belanoglossus x 

'An x indicates occurrence in at least one core per station. 



TABLE G3. Distribution of meiofauna taxa by station for Cruise III . 

'Stations 

W W 00 

Taxa 
Bolivine lowmani .xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Dorylaimopsis .xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Sebatieria ,xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx . 
Theristus .xxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxx, 
l.inhomoeidae ,xxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxx x . 
Buliminella morqani .xxxxxxxx x xxxxxxxxxxxxxxxxxxxxxxxxx . 
CYatholaimidae ,xxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxx x. 
Gromiidae , xxxxxxx x~xx xxxxxxxxxxxxxxxxxxxxxx . 
Choniolaimidae , xx xxxxxxxxxxxxxxxxxxxxxx xxx xxxxx, 
Nonionella basiloba ,xx xxxxxx x x x xxxxxxxxxxxxxxxxxxxx . 
Terachellingie .xxxxxxxxxxxxxxxxx xxx xxxxx xx xx x, 
ParodontoPhora ,xxxxxxxxxxxxxxxxxxxx xxx x x xxxx x . 
Ammonia beccarii ,xxxxxxxxxxxxxxxxxx xx xxx x xx x . 
Cibicides concentricus .x x xx x xxxxxxxxxxxxxxxxxxxxxx, 
Hal-etaimus xxxx xxxxx xxxxxxxxxxxxx x xx x x . 
Sphaerolaimus xxxxxxxxxxxxxxxxxxxx x .xxx xx x . 
Metacomesome ,xxxxxxxxxxxxxxxxxxxxx xx xx x . 
Chromadoridae xxxx xxxxxxxxxxxxxxxxxxx xx x, 
Tricoma xxx xxx xxxxxxxxxxxxxxxx x xx x, 
Eubostrichus .xxxxxxxx x xx x xxxxxxx xxxxxx . 

000000000000000000000OOOUUOOUOU02222 
111111112222222233333333444444441234 
PPPPPPf'PPPPPPPPPF'PPPF'PPPPPPPPPPPCCCC 
NNEESSwwNNEESSwwNNEESSwwNNEESSAW 
02020202024202020202020202020202 
-SOS0-S 0SO5-6SOS4sbS0s bS0s050S6U'Sv- 
0000000000000000000000000ooooouo 
0000000000 0000000000000000000000 

'An x indicates occurrence in at least one core per station . 



TABLE G3 (Cont'd) . 

1Stations 

w w 

Taxa 
Lagenemmine COmprima 
Ueamodoridae 
Mediomestus californiens ia 
Turbellerie 
Echinoderes 
Oncholaimidae 
Aricidea xx x x xxxxxxxx x xxxx xxxx . 
Halectinosoma xx xxxxx x xxxxxxxx xx x . 
Ceramonematidae ,x x' x x xxxxxxxx x xx xxxx 
Axonolaimidae xxxxx xxxxxxxx x x xx x. 
Comesomatidae xxxxx xxxxxxxx xx xx x. 
Microlaimus x xxxxxxxxxxx x xxx x. 
Neotonchus .xx xxx xxxxx x xxx xx x. 
Desmoscolex x x xxxxxx xx xx xxxx x. 
Oxystomins . x xxxx x x xxxxx xx x x. 
Fursenkoina pontoni 
Eponides antillarum 
Nematode 
Cossura delta 
Fursenkoina complanata 
Paracomesbma 

xx xxx x x x xx x x x xx . 
x xxxxxxxxx x xx x . 

x xxxxx xxxx xx xx 

xx x x xxxxxxxxxxx xxxxx x . 
x xxxxxxxxxxxxxx xxxx x x . 
xxxxxxx x xxxxxxx xxxx x x . 

x x xxxxxxx xx xxx x . 
xxxxxxxxx xxxxx x . 

x x x x xxxxxx xxx x x . 

OOOOOOOOOOOOOOOOOOUOOOOOUUOOUOU02222 
111111112222222233333333444444441234 
PPPPPPf'PPPPPPPPPF'PPPHPPPPPPPPPPPCCCC 
NNEESSWWNNEE3SWWNNEESSWWNNEESSWW 
02020202020202020202020202020202 
50505050505050505050505050505050 00000000000000000000000000000000 

00000000000000000000000000000000 
x x x x xxxxxxxxxxxxxxxxxxxx . 

xx x xxxxx xxxxxxxxxxx xxxx x . 
. xxxxxxxxxxx xxxxxxx xx xxx 

'An x indicates occurrence in at least one core per station . 



TABLE G3 (Cont'd) . 

w 

'Stations 
000000000000000ooooouooouooououozz2z 
1111111122222222333333334444444412,34 
PPPPPPF'PPPPPPPPP('Pf'PFPHPPPPPpPPPCCCC 
NNEESSWWNNEESSwWNNEESSVr'WNNEESSAW 
02020202020202020202020202020202 
SbS-0-S O5U50S0S-~U5OS~-S bS0A 5U-S USusv- 
OOOOOO00UOO000000000000000o000u0 

Taxa 00000000000000000000040000000000 
Florilus atlanticus xx xxxxx x x xxxx 
Buliminella eleqantlssima . x xxx x x xxxxx x x . 
8ulimina merginate ,xx x x xx xxx x x xx 
Mon ysterae ,xxxx xx x x xxx x x . 
Reophax scottii x x x xxxxx xx xxx 
Bolivina stristuta xx x x xxxxxx x x 
Enhydrosoma hopkinai xxxx xxx xxx xx 
Laimella . xxxxxxx x x x x x. 
Elphidium gunteri x x x xxxx x x xxx 
Bigenerlna irregu ar $ - x x xxxxx x xx x . 
triferina bella . . x xxxxxxx x x x 
Haloschizopera . x x x x xx xx x x x. 
Ironidae x xxx xxxxxx x 
Bivslvia x x x xx x xx x xx 
Stenhelia x xxx x xx x x 
Lencris saqra x x xxxxx xx 

Capepoda xxxx x xx xx 

RhynChocoela . x xxxxx x x x 

TYphlamphiascus lamellifer . x xxx xx x x x . 

Sigambre tenteculata , x xxxxx x xx 

Richtersie xxxxx xx x 

'An x indicates occurrence in at least one core per station . 



TABLE G3 (Cont'd) . 

w 
A 
r 

' Stations 

0000000000000000000ooooouooououoz22z 
111111112222222233333333444444441234 
PPPPPPPPPPPPPPPPF'PPPpPPPPPPPPPPPCCCC 
NNEESSWWNNEE3SwWNNEESSYr'WNNEESSr1W 
02020202020202020202020202020202 
-5-05 05050 5050505050 50 5050-5-0-S'6 5050 
00000000000000000000000000000000 

Taxa 000000040000 00000000000000000000 

vc~ . v"" v """v 

Trachydemus 
Camacolaimus 
Lagenammina ditlugitormis 
Cletodes dissimilis 
Ammoscalaria pseudospiralis 
viqerna e u s 
Eggerella bredyi 
Diosaccidae 
nc e i ae 

Tharyx marioni 
Mi11o1ecea 
n y rosoma 
Amphiascus minutus 
Textularia mayori 
arpaCticot a 
Hydro:oa hydroide anthomedusae 
Cletodidae 

en e a ongicau a a 
inmaFcCampylaimus 

Siphonoleimus 

x x x xxx xx 
x x x xx x x x . 

x x x x x xx x . 
x x x x x xx 

xxxxxx x 
x x x xx x x 

xx xx x x x. 
xx x xx x x . 

x x x xx x 
x xx x x x 

xx x . x x x 
x xxx x 

x x x 
x x x 

x x 
xx 
x 

x x x 
x x 

x 
x 

x 

xx x 

x 

X X. 

x 
x 
x 

lAn x indicates occurrence in at least one core per station . 



TABLE G3 (Cont'd) . 

N 

'Stations 
000000000000000000000000000000002222 
111111112222222233333333444444441234 
PPPPPPf'PPPPPPPPPPPf'PF'PPPPPPPPPPPCCCC 
NNEESSwWNNEESSwwNNEESSwwNNEESSOw 
02020202020202020202020202020202 

00000000000000000000000000000000 
Taxa 00000000000000040000000000000000 

Enoplidae _ . xx x x 
Normenelle confluens xx x x 
Leptoleimus - xx x x 

' age ona p Y sae , xxx x . 
Ampharete acutifrons .x x x' x 
Anticome . x x x 

on OP ore x xx 
Ectinosomidae x x x 
Mesochra 

. 
. xx x 

y rozoe Y roe a eP ome u ae , x x 
Leptolaimidae x xx 
Axonolaimus . x x x 
cent a tonsa x x 

Ameira y x x 
Prionospio cirrifere x x 

en c a mas i9oc ae a , xx 
Discorbis squamata x x 
Bulimina elegens x x 
o Yc ae a x x 
Ouinqueloculina compta x x 
Nuculanidae x x 

'An x indicates occurrence in at least one core per station . 



TABLE G3 (Cont'd) . 

.86 w 

'Stations 
000000000000000000000ooooooooou02222 
111111112222222233333333444444441234 
PPPPPPPPPPPPPPPPF'PPPpPPPPPPPPPPPCCCC 
NNEESSwwNNEESSwwNNEESSwwNNEESSWw 
02020202020202020202020202020202 
5050505 5 5050505050 505 050505050 
00000000000000000000000000000000 

Taxa 00000000000000000000000000000000 

Corbulidae x x 
Cletodes x x 
PYCnophyes x x 
nc s rosy s xx 
Lumbrineris tenuis x x 
HemicYclops americanus x x 
ex u affa eer An ..i x 
Leptosomatidae (nematode) xx 
NePhtYs incise x x 

aeon a Arac s . ,x - - x 

Paraprionospio pinnate x x 
Gyctopoide x x . 

o 
Ssbellaria vuigaris 

` Ciliates holotrichis 
e ac roma ova 
Acarina 
Cibicides deprimus 
Pseudobradya hirsute 
Ftobertgurneya rostrata 
Ouinqueloculine sabulose 

,x 
x --- 

x 

'An x indicates occurrence in at least one core per station . 

x 
- " 



TABLE G3 (Cont'd) . 

'Stations 
000000000000000000000000000000002222 
111111112222222233333333444444441234 
PPPPPPf'PPPPPPPPPpPPPpPPPPPPPPPPPCCCC 
NNEESSWWNNEESSWWNNEESSWWNNEESSrIW 
02020202020202020202020202020202 
Sb50 0 OS 505 OSO 50 050 5 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOUO 

Taxa 00000000000000000000000000000000 

Frondicularia compressa 
Lagene strieta 
Florilua grateloupi 
Prorodon marinua 
AmphimonhYstera 

g Xyala 
Thelessolaimua 
Paeudeurythoe embigua 
Glycera americana 
Aricidea suecica 
Sabellidae 
OligoCheeta 
Veneridae 
leophontidae 
Parateophonte 
Pereleophonte pacif ca 
Enhydrosoma langifurcatum 
EnhYdrosoma uniarticuletum 
Kobertgurneya 
Saphirella 

I 
x 

x 
x 

x 

. x 
x 

x 
x 

x 
x 

x 
x 

x 
x 
x 

'x 

x 
x 

x 

'An x indicates occurrence in at least one core per station . 



TABLE G3 (Cont'd) . 

000000000000000000000000000000002222 
iiiilii12222222233333333444444441234 
PPPPPPPPPPPPPPPPHPPPPPPPPPPPPPPPCCCC 
NNEESSWWNNEESSWWNNEESSWWNNEESSWW 
0202020202020202020202020202020'2 
50505050505050505050505050505050 
00000000000000000000000000000000 

Taxa 00000000000000000000000000000000 

w 

Bolivina spinsta 
Epi stony ne e 
Coeloaomides 
Corynidae 

u 
. x 

x 
Comesoma x 
Pisionidae x 
Neref a x 
Chone 
Ostracoda 
l.oxaconche 
Cytheromorpha 
Peltidium 
Euterpine acutifrons 
Cletodes tenuipes 
Oierthrodes dissimilis 
Oncaea venuste 

'An x indicates occurrence in at least one core per station . 

x . 
x 

x 

x 

x 
x . 

x 
x 
x 

x . 

'Stations 



TABLE G4. Distribution of macroinfauna taxa by station for Cruise I. 

'Stations 
000000000000000000000000000000002222 
111111112222222233333333444444441234 
PPPPF'PPPPPPPPPPPPPF'PPPPPPPPPPPPPCCGC 
NNEESSWWNNEESSWWNNEESSWWNNEESSwW 
02020202020202020202020202020202 
50505050505050505050505050505050 
00000000000000000000000000000000 

Taxa 00000000000000000000000000000000 
arprionospio pinnate .xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 

z 
Rhynchocoela .xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Pr ionospio Cirrifera ,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
TharYx marioni ,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Si gambra tentaculata .xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx . 
Telling versicolor ,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
Cossura delta .xxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxx, 
IVephtys incisa .xxxxxxxxxxxxx xxxx xxx xxxxxxxxxxxxx . 
Nuculana concentrica ,xxxx xxxxxxxxxxx xxxxxxxxxxxxxxxx x . 
Corbula contracta ,xxxxx x xxxxxxxxxxxxxxxxxxxxxxxxx x . 
Diop atra cuprea ,xxxxxxxxxxxxxxxx xxxxxx xxx xxxxxx, 
l.umbrineris tennis .x xx x xxxxxxxxxxxxxxxxxxxxxxxx xxx . 
S batieria ,xxxxxxxxxxxxx xxxxxxxxxxxx xxx xxx . 
Abra aequalis .xxx x xxxxxxxxxxxxxxx xxxxxxxxxxx . 
Nereis ,xxxxxxxxxxxxxxxxxxxxxxxx x x x xxx . 
Magelona phyllisae ,xxxxxxxxxxxxxxxxxxxxxxxx x xxxx . 
Magclone rosea .xxxxx xxxxxxxxxxxx xxxxxxxx x xx . St eneleis boa , x xxxxxxxxxxxxxxxxxx xxx x xxxx . 
Brach ura ,x xx xxxx xxxxxxx xxx xxxxxx xxxx 
GiYcera americana ;xxxx xxxx xxxxxxxxxxx xx xx xx 
Volvulelia texasiena .xxx xx x xxx x xxxx xxxxxxxx xxx, 
Nereidae .xxx x x xxxx xxxxx xxxxxxxxx xx, 

1 An x indicates occurrence in at least one grab per station . 



TABLE G4 (Cont'd) . 

v 

Taxa 

Stations 
OOOOOOQOOO00000000000000000000002222 
111111112222222233333333444444441234 
pPPPPPPPPPPPPPPPPPPPPPPPPPPPPPI'PCCCC 
NNEESSwwNNEESSwwNNEE3SwwNNEES3wW 
02020202020202020202020202020202 
50505050505050505050505050505050 
00000000000000000000 Q 00 0000000Q0 
00000000000000000000000000000000 

Pinnixe .xx xxxxxxxxxx xxx xxxxxxx xx 
Armandia maculat~a .x xx xxx xxxx x xxxxxxxxxxx xx . 
Lepidesthenie .xxxxxx xxxxxxxx x x x x xx xxx . 
Anc strosyliis Jones ,xxxxxxxxxxxxx xxxxxxx xx x 
Ampharete americana .xxxxxxxxxxxxxxxx xx xxx . 
Aricidea fragilis x x xxxxxxxxxxxxx xxx xxx. 

x 
Uncholaimidee .xx x xx xxxxx xxxxxxxxx xx 
l.inhomoeidae .xxxxxxx xxxxxxx xx xx x x x 
Prionospio cirrobranchiata , xxxxx xxx xx xxxxxxxxxx x 
Alpheus floridanus .x xxxxx xx xxx xxxxxxx xx . 
Nucula cf . N, proxima x xxxxxxxxxxx xxxxxx x 
Prionospio pyqmeea ,x xxx xx xxxxxxxxx xx x x . 

CoamioCOnCha calliglypta .x xx x x x x xx xxxxxxxx xx . 
Automate evermanni x xxx xxx xxx xxxxxxxxx 
PotYnoidae 
Phprnnis 

.xxxxxx xxxx AX x x x xx x x 
OxyurostYlis smithi .xx x x xxxxx xxxxxxx x x 
Clymenella torquata calida .xxxx xxxxxx xxxxx x xx 

. Amphioplusconiortodes _,xxxxxxxx xx x x x xxx x x . 
ACet s americenus .xxxxxxxxxxx xxx x x xx 
Phqt~s macromenus , x x xxxxxxxxxxx xxx x 
Palythoa texaensis .xxxx xxxxxxxxxxx x x 
Asitw)ert en dun l icetus _ x xxx xxxxxx xx xxx x __x 

1 An x indicates occurrence in at least one grab per station . 



TABLE G4 (Coat'd). 

w 
00 

1Stations 
OOOOOOOOOOOOOOO000000000000000002222 
11111l112222222233333333444444441?34 
PPPF'F'PPPPPPPPPPPPPPPPF'F'PPPPPF'PF'PCCCC 
NNEFSSwwNNEESSwwNNEFSSwWNNEES3nw 
02020202020202020202020202020202 
50505050545050505050505050505050 
A.QQ QQ_4.1L4-0D~Q.I}Q4.QSZ4QSZQ Q9 HIND 9.490 - 

Taxa 00000000000000000000000000000000 

Magelona filiformls , x x x x xx xx xxxxxxxx x . 
G1 Ycinde nordmanni xx x xz x xxxxxxxx x xx . 
SP iophanes bomb.Yx x, xxxxxxxxxx xx x x x . 

x x 
Cheetozone .xx xxx xxxx x x x xx x x 
CirrQphQpus lyriformis x x x xxxxxxxxxxx xx , 
Amphiodia atra x x xxx xxxx x x xx xx x 

x x x 
D plocirrus xxx xx xx xx xx xxxxx 
SpeoCartnus lobatus xxx xx xxxxx x x x x xx 
Listrie~la barnardi .x xx xxxx xxx x xxx xx , 

x x xxx 
Ch one clenchi x xxxxxxxxxxxxx x 
C1 yn+enella zonalis ,x x xxxxxx xx x xx xx . 
Golfin ie trichocephala .x " x x xxxx xx x x xx x 

Peneeidae x xxx x xx x x x x xxx 
Cerebratulus lacteus .xxxx x x xx xx x xx x . 
TCrebra dislocate xx x xxx x xx x xx xx . 
N i I1AP fl iarinPs x xxxxxxxx xxx . 
Ceratone~eis irritabilis x xx xxxx xxx xx x 
Ampelisce verrilli xxxxxxx xxx xxx 
Bregmaceros atlanticus xxx xxx xx x x xx x . 
Gastropods x x xxxx x xx x x x x 
Amphiuridae .xxx x xx x x xxx x x . 
Uwenia fusiformis xxxxxxxx xxx x 
Euconchoecia chierchiae x xxx xxxx xxx x , 

Sabeliidae xx x xxxxxxxxx 

1 An x indicates occurrence in at least one grab per station . 



TABLE G4 (Cont'd) . 

w 

1Stations 
0000()000000000u000000n00000000002222 
111111112?_?2222?3333333'iyy4ii44uU12S4 
PPPF'NPF'PPPF'PNPNPF'PPPPPPPPi'PPNPF'PCCCC 
NNEESSwwNNEESSwWNNEESSwWNNEESSwW 
02U2U202020202U?U202020202020202 
50505050505050505050505o5n5o5o50 
00044404040000400440000000040004 

Taxa UOUOOUUOUOUUuOU()UU00U0UUU0U0U0u0 

Chaetozone setosa x xxxxx x xx x x x . 
AntiCOma . x xxx x x xxx x xx 

xxx I xxx x 
Amphiod a trychne .x xxxx x x x x x x x 
listriells A x x x x xxxxxxxx 
Pectinaria gouldii ,x xxx xx xxx xx x 

x x x 
C asmoCarcinus mississippiensis xx x x x x x xxx xx . 
Asychis elongate 

- 
x x x xxxx x xx x x 

Nereis succinea x x x xx xxxx x x 
x x xx 

SYnchelid um americanum xxxxxx xx xx x . 
AnthoPleura krebsi x xx xxx x x xxx 
Cantharus cancellarius x x xxx xx xx x x 

xx x x xxxx x xx 
c des concentricus x xxxxxxx xx 

PolYdore x xxxxxxxx x 
PolYdora soCialis . x xxxxxxxx x 

xxxxxxxx x x . . 
~inqula x xxxxxxxx x . 
Eudorella monodon x xxxxxxxx x . 
Pentamera pulcherrima xxxxxxxx x x 

x xx x xx xx x x 
hanodermatidae xx xxxxx xx x 

OnuDhis nebulosa . xxxx xxxx xx . 
Glycinde solitaria xx xxxxxx x x 

h' x x x x x xxx x 
Phesco ioh strombi . x x x x x x xx xx 
Belanoqlossus 

~ 
. x xxxxxxxx 

1 An x indicates occurrence in at least one grab per station . 



TABLE G4 (ConYd). 41 

1 Stations 
000000()0000000U000000000000000002222 
111111112222222233333333444444441234 
f'PPPF'PPPPPPPpPpPPPPPPPPPPPPPPPF'PCCCC 
NNEESSwwNNEESSwwNNEESSwwNNEES3wW 
020202020?02020?.0202020202020202 
50505050505050505050505050505050 
.9 0 4.4l~94 Q.DDkm_4~-aOvAfl 4_0 0-00 Q.44.4.Q0 

Taxa 00000000000000000000000000 0000 00 
Mulinia lateralis xxxxxxxx x 
smarete - x xxxxxxxx 

x x xx x x x x x Spiochaetopterus oculatus x xxx xxx xx Am phipoda x x xxxxx x x n a h 'a th ria xxxxxxx x x pnloarOmus obscura - 
Lepidonotus sublevis 

x x x xxx x xx , 
Alpheopais x x xxx x x x x 

. x x xx x xx x x 
a l . 

x xxxxxx x rctdae - 
~Raeta plicatella xxxxxxxx , 

xxx xxx xx A teob puwctostriatus xxx xxx xx _ 

qriopoma texasiana 
x x xxxxx x 

x xx xx xx x Processa hemphilli x x x xx x x x Natica pusilla . 
x xxx xx x xe 

e 
nsia hyalina floridane 
g xxxxxx xx 0 r 
a 
iomYa a 

Neticidae x x x xxx x x 
Clytia cylindrica 

x xxx x xx x . 
x xxxx x x 1 rum 

(.ampylaspis xxxxx x x 
Teinostoma parvicellum xxxxx xx 

x xxx xxx Ui lodonta soror x x xx x x x Up jurgidea 
- 

x x x xx x x eraontaae 
Gonieda tees 

x xx xxxx 
Pagurus bonairensis x xxxxx x 

xxxx xxx , 

lAn x indicates occurrence in at least one grab per station . 



TABLE G4 (ConYd). 

W 
U 

'Stations 
00000004000000ti0000o0A0pU0U900U02222 
111111112222222233333333444444441234 
PPPPF'PPPPPPPpPPPPPPPPPPPPHPPF'PF'PCCCC 
NNEESSwwNNEESSwWNNEESSwwNNEESSwW 
02020202020202020202020202020202 
50505050505050505050505050505050 
00 044412400_0.40 0 0.0 QQQdQ040.4QQ44Q0-4_ 

Taxa UOOAOOU O UO UUUOUUUU0UU0UUU0 0 0 U 0u0 

h " nits u x x xxx xx . 
a eanotus eterose a .xxx x x x x 

Periploma cf . P, orbicularis , x x xxx x x 
MYrophis punctatus x xxx x x x 
n istros llis hartmanae .x x x x x x x 
etricola pholaaitormis x x xx x x 

Chone x xxxx x 
AQiaoPhamus verrilli x xxx x x 
Cyclagpis xxxxx x 
nc o a i rrora a x x x x x x 
NephtYS bucera x x xxx x 
Solen viridis xxxx xx 
See iella dis aralis x x xxxx 
Cmipholas elongata x xxxxx 
Ampelis ? agassfzi F x y Y x xx . 
Lenticu~ina xxx x x x 
Ne ht s me etlenica xxx x x x 
mp opi us - - , x,x x x x x 
3arsiella gettlesoni x xxxx x 
EuCeremus praelonqus x x x x x x 

dual i~atus--- !Lices PolJ -- - -- " - ------~ .x x x _ xx - . _ - 
tchlurs x x xx x 
liernea truncata x x xx x 
Aspidosiphon cumingii x xx xx 
Schistomeringos cf . S, caeca x xx x x 
Lembos x x xxx 
Aritidea cerruti xx xxx 
Pandora bushiena xx xxx 
LP ac11..y.neR8P u S S gym; 1 i a _~ x X -- x x x 

l An x indicates occurrence in at least one grab per station . 



TABLE G4 (Cont'd) 

w 
N 

1Stations 
00000000000000u000000000000000002222 
111111112222222213333333444444441234 
PPPf'F'PPPPPPPPpPPPPPPPPPPPPPPHpF'PCCCC 
NNEESSwwWJEESSwwNrJEESs6wNNEESSwW 
02o2u2o2o2o2o2o?u2u2o20202020202 
50505050505050505050505050505050 
QD424.41144~_~c~_Q4~ Q Q (100 0 0 H-0-00 4D-0 0 

TdXd UOOOQOUOUOUOUOUOUUOOUOUOUOOUUOUO 

Portunus x xx xx 
Marphysa sanguinea x x xx x 
Edwardsia 

~ 
x x x x x 

Enopl idae xxx x ~ x 
Leptosomatidae (nematode) .x x x x x . 
Parametopella texansis x xxx x 
Myriowenia californiensis xxx x 
Aricidea - , x xx x 
Ironidae x x xx 
Hexapanopeus angustifrons x x xx 
Halectinosoma x x x x 
Turbellaria x x xx 
Laonice cirrata xx x x 
Terebellides stroemii xxx x 
Choniolaimidae x x xx 
Linge amiantus x x xx 
Goneplacidae , x x x x 
Ceratocephale cf, C, loveni x xxx 

Nassarius acutus xx x x 
Harbansus paucichelatus x xx x 
Squ i 1 1 a emptasa , x x x x 
Drilonereis lonqa x xx x 

l An x indicates occurrence in at least one grab per station . 



TABLE G4 (Cont'd) . 

w 
w 

1Stations 
OOOOOOOOOOOOOODOOOOOOOOOU00000002222 
111111112222222233333333444444441234 
PPPpF'PPPPPPPPPPPPPPPPPPPPPPPPPF'PCCCC 
NNEESSwwNNEESSwwNNEESSwwNNEESSwW 
02020202020202020202020202020202 
50505050505050505050505050505050 
3DM9D-44OOOUOOQQQQOO QQ 000000000 

Taxa 00000000000000000000000000000000 

Clymenella x x x x 
Strombiformis bilineatus .x xx x 

Ph i l i ne saga x x x x 
Volvulelie persimilis x x x x 
Ostr ecoda x x x x 

Neoconger mucronatus x x x x 
Cupuladria doma xx x 
5ipuncula xx x 

Lovenella x x x 
Ampelisca cristodes x xx 
Halecium xx x 

I Nematode x x x 
L!oimi,a medusa x xx 
Cras~slinella lunutata x xx 

Spionidae - x x x 
Peraceprella tennis x xx 
Paguridae xx x 
TPArhypenaeus x x x 
Calliactis tricolor x xx 
SYllidae x x x 
Gon i ad i ciae x x x 
~CijQr~jl,,a r a fm I a~tu X_x X 
ThyaTsi ridae xxx 
Verticordia x xx 

1 An x indicates occurrence in at least one grab per station . 



1Stations 

Taxa 

00000000000000U000000000000000002222 
111f1~1122?.22?_2?i33333~3uuUU4~~vu1~34 
PPPF'F'PPPPPPPPPF'PPPNPPPPPPPPP~'PNPCCCC 
!JN[ESSWwNruEF sSwwNNEF SS6WN!vEE~~w 
U2. ()1 (3c Oc?0?02U2U7U2U20?0?0202U2U2 
50505050505050505050505050505050 
.90.4U.01) 00 4St.0 0 0_0 04000 0 0 00 0 0 404.4_0.0 
Uf%UOUOUOUOUUUUUOUUUOUOUUUOUQUOuO 

w 
A 

Cerapus tubularis x x x 
Sphaeroleimidae x x x . 
Marphysa arensensis x xx 
Vi trinella x xx 

x 
Mysidopsis biqeloWi x x x 
Corophiidae xx x 
Leptochela bermudensis x x x . 

x x 
Gob onellus boleosoma x xx 
Bivalvia It2 

x x Grandidierella bonneroides xx 
x x 

UgeTfa hyal ina , x x 
Anom ra x x 
Therystus x x 

x 
Heter4nemertea 

h diid 
x x 

Enc eli ae x x 
Aedicira belgicae x x 
MislosajD . .Pi.9"nt at a x X --- - " - 
Nydroides protuliCOla x x 
Amph ;lochus x x 
Photis B x x 
3ch9zester orbiAnyanus xx 
MeteCOmesoma x x 
Synelmis albini x x 
Uorvillea caeca x x 

TABLE G4 (ConYd). 

' An x indicates occurrence in at least one grab per station . 



TABLE G4 (Cont'd) . 

'Stations 

w 

Taxa 

000000000000000000000()00000000002222 
1f1111112222222?i33333334q4U44vU1234 
PPPF'f'PPPPPPPPPPPPPPPP?PPPPPPPPF'PCCCC 
NNEESSww~4NEESSwWNNEESSwwtvNEESSwW 
02020202020202070202020202020202 
5050505050505050505050505n505050 

0 .0-0 Q4.Q.Q4 Q 0 0 0 000000000000000000000ouooooououo 
n x x 

CoToplos r ubra x x 
P ; sta p~+ mate 

h l id i 
x x 

ea ico a e w itI intl x x 
x x 

am a re sii x x 
Lucinidae .x x 
Apseudea x x 

xx 
S tomatopoda .x x 
AmmosCelaris pseudospiralis x x 
3phaerolaimus x x 

x 
Notomaatus em po us x x 
Maldanidae x x 
Architectonice nobilis x x 

x x 
ur iCidae- x x 
Varicorbula operculata x x 
Pteryaocytheris xx 
Actinocythereis xx . 
alenus - x x 

Ampelis a .x x 
Ser est~dae x x 

x x 
Gourret 8 18tispine , x x 
Nematopaguroides fagei 

x x Reninoides louisianensis x x 
J ibinia dubia _x_K 

1 An x indicates occurrence in at least one grab per station . 



TABLE G4 (Cont'd) . 

W 
a 

'Stations 
000000000000000000000000000000002222 
1111111122222222.33333333444i444441234 
PPPPF'PPPPPPPPPPPPPPPPPPPPPPPPPF'PCCCC 
NNEESSwwNNEESSwwruNEESSwwrvrvEESSnw 
02020202020202020202020202020202 
50505050505050505050505050505050 
~~244Q4.49 Q_4S~ 9 ~ QQO. ~.Q .Q 44.4.4 4 Q 0 Q 0 

Taxa UOOOOOOOUOUOU0U0UU00U0U0U000U0u0 

Xanthidae x x Goneplax x x 
Frevillea barbata x x 

x x 
No othuroidee x x 
PolYchaeta x 
Discoporeila umbellata x 

x Ha ecium nanum 
Sertularis 

x , 
Gymnolaemeta 

x 
x 

n x 

AmpelisCa neopolitanus x x 
EDistYlidae 

' 
', x 

t r h x 
HA ecium bermudense x 
CapitPlla capitata x 
Nassarius x 
M sid s's fur ~a x 

ith~~ om ei s t ata Ch lo 
x Ancist~osYllis papillOSe x 

Scolele is s uameta 
- 

x 
YffOpleura costata x 

Sarsiella (ostracoda) x Sauilla surinamice , x 
Ouin!iuetoculina compta 

- - 
x . 

Anai t i ea mucosa x 

1 An x indicates occurrence in at least one grab per station . 



TABLE G4 (Cont'd) . 

'Stations 

w 
v 

000000A0000o00U0000n 00 00000000002222 
i111111f2222222?33333333uuuu4iivu1?34 
NPPf'F'PPPPF'PPi'PNE'F'PF'FPPNPPPPPNPF'PCCCC 
NNEf_SSwwNNEESSwwNNEfSSv~~~vNNEE3Snw 
0202c,Po2020202u202020202020202u2 
5a5o5oSfi5o5o5o5o5o5oSO5oSn5o.S,oSo 
-00000_900.tX411 .00_4~1.004.4.Q0 090900 44.49.0 - 

Taxa uUOOOOUoUoUuOouoaouououo()nukloouo 
Nereis faisa x 
Nere1d e 8 

x Dorvil~eidae , x 
occaraia 
Chaetopterus variopedatua 

-- x 
x 

Fsbrisabelle x 
Atrina aeminuda x 
ouenneL a quilling! 
Asterope~la 

T 
x 

Ethlnocythereis garretti x . 
embos smiths x 
tppomeaon 

Processs x 
Porcellana x 
Papa innixa hendersoni ' x 
terObranCh18 
9aurida breailiens s 

-,--x 
x . 

Bulim nella morgani x 
Rose na floridana x 
on one a asp o a 

iatea holotrichia Cil 
x 

x . 
gymnostomatida rhabdophorina x 
Anthozoa _ --- --- - - x- -- - 
Zoantharis ectiniaria 

- - 
x 

Udontophora x 
Uesmodoridae x 
CYatholaimidae .x 
Uystominidae x 
Eeone heteropoda 

lAn x indicates occurrence in at least one grab per station . 



TABLE G4 (ConYd). 

w 
U 
00 

'Stations 
00000000000(~ooOoooc;o00e0000000002222 
111t1111222?_222?3333-33~3444u414441?34 
F'PPf'F'PHPPPPPPPNPPPNPPPPPPPPPPPF'PCCCC 
NNEFSSwwNruEESSr+wNNEFSSnNNNEESSvvvr 
o2o2o20t~0202o2u2o2o202o?02G,U2u2 
5050505r)545050~)-05050505050505450 
-0 OU Q0.QQ4.4_~-U .Q G_Q_40.44QQOQ90UG0.QQ 0 H 

Taxa 
. _ _ 

OGU0O0O0UUUUu0u0UOUGU0uGU0U~IU0u0 

Hesionidae x 
Parandalia ocularis x 
3pio pettiboneae ,x 
Boccardie hamate x 
Armandia agilis x 
Ampheretidae . x Melinna maculate 

, 
x 

Eu olymnia crassicornis x 
Loimie viridis 
Terebella rubra x 
Chone duneri x 

Pol Ygordius appendiculatus 
Cal l~ostoma x 
Alvania X 
Atlanta peronii x 
CYmatiidae 

~ x Cymatium .x 
Kurtziella 
Turbonilla x 
Acteocina candei x 

Philine x 
Volvulella recta x 

'An x indicates occurrence in at least one grab per station . 



TABLE d4 (ConYd). 

'Stations 
) v~00 00000000002222 0000 00000 0~~n0 UO00 C 3 '?~1~ 2? 3 33 ;? ;u1J4U41lup 1234 I f 1 1 1 ! 112' 

r'PPNF'PF'F'P!-'PF'P PF'PP 11 I'VPF'PPt'PPF'F'P PP (;CCC 
~P~E~ ~SwwVr~EE S~r+W ..NE_F ~Sru~awNEES3r~v~ 
c~ u2(;? 0f.'UZU?1)2U7U?U?0?0i ~~?c~4o2u2 
54150505650>o1, .)t~050505o5o50S05o5n 
s~pu0~~0~~C~Lt~~)~J~OGQ4GO~~OQU4G04.~~Oti_~- 

Taxa k)tu .)rJO~UUu'JuuouoUOOuuol)UUqUOU0u0 

Plen rbidae x 
Anedara transverse x 
pnadera ovalis 

x 

Dace dium x 

Cerdiidae x 
MaCOms " x 
Tellina " x 
givalvia anomalodesmata x 
thraciidae x 
Protocytherette daniana x 

Pseudobradya x 
~ Promysis atlantiCa X 

LemproP$ 4uadriPlicate x 

Fla ellifera (isopoda) x 
Idoteidae x 
Edotea ib 2 ob 

x 
x g ro~pf 

um x 
Corophium acherusicum x 
Stenothoe x 
Caridea x 
Leptochela (decapoda) x 
Automate cf . A, rectifrons x 

'An x indicates occurrence in at least one grab per station . 



TABLE G4 (ConYd). 

w 

I Stations 
000000()Ooc0c?nOV000000000000000002222 
11111!11222?22273333333344444144417.34 
F'PPF'!'PPPPYPPPPPPPPI'PPPNPPPPPHPF'PCCCC 
q NEFSSwwN NEESSwWN NEFSS6 W NNEESSa W 
02()2c20 ;?02o2o2u2o?o?o2o2o2020202 
505050565050595o5050505050505050 
S10il0.0_!?f) 444L.QiiQ!24flQ .Q.4QG04.444.4.4 .Q_4 4 

Taxa 
. .. 

0GUO000Ub00000000000000000000000 

Pa9urus pollicaris 
Hepatus ephetiticus , 
Persephona crin to 

- Parapinnixa x 
S4ui11a 
Golfingie pellucida x 
c uridee 
Ectoprocta 

x 
Asteroidea 
Peraphy lophorus parvus 

x ~ Clupeidae 
~ x Synodontidae x 

Gob ac 
, 

x - 
~ x Sympfiurus I x 

1 An x indicates occurrence in at least one grab per station . 



TABLE GS. Distribution of macroinfauna taxa by station for Cruise II . 

w 
.. 

1 Stations 
0000ooooonoooououooouuoounoooooououououuuottlifiitlltif1111t112zt2i'2 
111111112222222233333333Qq444444556617NH99U011223344556677HN')9UU123y 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPS3SSSSSSSSSSSSSSS3S3SSSSSS3SSSSSCCCC 
NNEESSwWNNEESSwWNNEESSWWNNEESSWWNNnNNNNNNNNNNNNNNNUNNNNNNNNNNNNN 
020202020202020202020202020202020202U2U2U202U?02n202020202U20202 
505050505050505050505Q505050505050505050505050505050505050505050 
o0U0000000000000000000000000000000U0000004Q4OOO000u00000 QQ000000 

Taxa o 0000000000000000 00 0000000 0 00 0 ou o00 00o u u o 0ooooouo 

Paraprionospio plnnats .xxxxxxxxxxzxxxxxxxxxxxxrxzxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxx xxx . 
x x x z xxxxx xxx 

Sigam ra tentacu ata .xxxxxxxxxxxxxxxxxxxxz xxxxxxx x xz xx xx zxxzxx x xxzxzxxxxxxxx xxx . 
Magelona phyllisae .xzxxxxxxxxxxxxxxxxxxxx xxzx xxxxxx xxx xxxxxx zxx xxxxxxx xxx . 
Cosau~a do) s xx x x x x xxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxx x xxx . 

xxx 
Lumb~ net s tennis x xxx xx xxxxxxxxxxxzxxxx xxx xx z xxx xxxxxxzxxx xx xxx . 
Golfin9is bulbosa .xxxzxxxxxxxxxxxxxxxxxxzx z xxxx x xxxxx x xx x x x xxx . 
Corbuls contracts .x xx xxxxx xxxxxxxxxxxxxxxxxxx x xxx x xxxxxxxx xx xx . 

Noto~nsstus letericeus .xxx xxx x xxxxxxxxxxxxxxxx x xxx x x xxxxxxzxxxzx x . 
DioDatra Cuprea .xxxxxxxxxxzx xx x xxzxz x xxxx x xxxxxx xx xxx xxx x x . 
Were is .x xxxxxx xxxxxx xxxxzxxxxx xx xx xxxx xx xx xxxxxx 

Volvulel a .texasi4na .x xx xxx xxxxxx xxxxxxxzx xxxx x xx xx x: xx x x x, 
Nueulsne con ent~ita ,xxxxxxxx z xzxxx xxxxxxxx xxx xx x x xx x x zx . 
Vitrinelle fjorldena .xx z xxx x xxxzx x xx x xx x xxx xx x xxz xxz xxx . 

x 
Mediomastus celiforniensia xx xxx x x xxxzxxxxxxx xx xxx x x x xx xx . 
Prionoapio irrifera x xxxxxxxx xx x xxx x xx x xxxxxxzx x xx . 
AncistrosYl~is joneai .xx x xxxxxxxxxxxx x xx xxx xxxxxx x x . 

Paeudeurythoe ambigua x xxxxxxxxx x x x x x xx x x x x xx xxx x 
Meqelo~ rosee xxx x z xxx xxxKrt x x x z z xxxxxxx x x 
Aapidos~phon aibus .xx x xxxx xxxxxxx x x zxxxxx x x x x 

Asychis elon9ate . x xx x x xx xxxx x x x xx xx xxx xx , xx 
Magelona filiformls x z xx xxxxxxxxx xx x xx x xxx x zx . 
Cirrophorus lYrlformis x x x xx xxxxxxxx xxxx xx x xx x xx . 

Sabat aria .x x xxx x " x x xYxr Y x x xx xx x x . 
Cinaula x x xxxxxxxx x x xx xxx xxx x . 
Amp harete acutifrons .xxzx x x xxxxx xx x x xx x xx x 

Ampelisca abdite x x x xxx x xxx x x x zxx x xx x x . 
CosmioCOnche calliglypta xx x x xx xx xxx x x x xx x xx xx . 
Automate evermanni xxx x x x xxxx xxx x x xxxxx x 

x x 
Teliina ve~sieolor .z xx xxxxx xxxx x x x xxxx 
Terebra disloeata . xx xx 

xx 
x x x xz x xx x x x xx . 

Nucule Cf, N, proxime x xxx x xxxxxx x x x x x xx 

Sceocareinus lobatua x x xxz xxxxz xx zxx z x x 
Aricidee fregilis . xxxxx x x x x x x x x x x xxx, 
Pinnixe 

I 
, x x x xxz xxxx x xx xx xx x . 

Gastropod. .x x x xx _.Y Y x x x.__xx xx 

'An x indicates occurrence in at least one grab per station . 



TABLE GS (Cont'd) . 

w 
N 

`Stations 
0000000ooooouoununuouooouooooounuouououuunftttltlttltlilltttlt2?ztr2 
111111122222227333333331144444445566l7dt44vU011223 .S44SSo617Htt1)yi)u 12j4 PPPPPPPPPVPPPPPPPPPPPPPPPPPPPPPPSS5S5S ;iSSS :iSSSSSS5S3SSSSSSSS5SSS CCI:C 
hNEESSWWNNEESSWWNNEESSYIWNNEESSWWNNiVNNNNNNNNNNNMNNNNNIJNNNtdNNNNNMN 
0202020202U2020202020202020202020202U2U2U2U?_U702n2020202U2U20202 
505050505o505n505oS05A505o5oSO50505o5oSO5o5o5oSO5o5o50509o5n5o5o 
9 0UOOQQQQQQ09SL(lQQOOOQ0000000 QOOOOOUOUOU000 1]~Q0 0 pU2SL~Q000 0_QQU00_gl1 o Taxa OOQOOOU000U0 0o00o00U0U00000000000000000U000000006U0U00~U0U10Uo0 

Nereidae 
Prionospio eirrobranchiata 

x xx x xxx xx xx xxxxxx 
x x xxxxxxx x x x x x x x 

Amp lists agaaslzi x xxx xxx x, xx xx x xx x 
x x x 

Amphiodia at,a xx xxx xxx x x x x xxx x . Glytinde nordmanni x x xx xzxx x xx x xxxx 
Phoronia architects xzxxxxx xxz xxx x 

Onuphls nebuipse 
x z x x x x 

xx x xxxxx xxxx x x Pa~sonis gracilis x x xxx x x x xxxxx x Alpheus floridanus xx x xxx xxx xx x x x, 
Ceretonerels irritabilis x xxxxx xxxx x x x Dory IaimoPSis ~c x x xx xxx xx x xx Lepidasthenie x x zx x x x x xxx x x . 

x xx x 
Gyptia vittete 

xx 
x x x x x xx x xx x 

. _ 
TheyYx seta gera xxxxx xxxx xx x No .eis suc inea xxx z x xx xx x x x . 

xx x lingu a xx x x x xx x x x x Paranthus repiformis xxx xx x xxx x 
, 

Eudorelle mon don x xx xx x x xx x . x x x 
x x Aatropeeten up eetus ~ xxx xzxx xx x 

Apseudes x xxx xx xx x Per onidae x x x xx xx z x 
Sthene air boa x z x x x xx x x . SigeTbra wasai , x x xxx xx x x 
Cantherus cancellarius , xx x xx x x x x 
AmDSlUsa vsrr1! Li 
Cirratulu~ f, C, hed9Pethi 

~ 
xx x x x xxx Acetes am e~ canua x x x x x x x x Owenie fustformis x xx x xx x 

. 
Varicorbula operculata xxxx x x x Clymenella zonalis x x x x x DecAPOda (arthropods) % 

x x , x x x x 
Nessarius etutus .x x xx z xx 
Acteon punctoetratus x xx ,x x x x xx x Prionospio cristate x xxx xx x 

. 
Anaehi9 obese xx x x x x x ; 

x x x x xx tone C ent xx x xx x x Glycinde solitaria x xxxx x 

'An x indicates occurrence in at least one grab~per station . 



TABLE GS (ConYd). 

' Stati 
pOVOGtiu^U0oU00(Suva0OU0QOUnpOp000UUU000u0U01111111111111111111127117 .' 
1 1 1 111 1 t222222!? i 33333334444444455661788 49U01 1223Si1455(>6 1 18099i) t11134 
ppf'FPNFPPr'F F'PVHpi~PPVF'PVi'PPPPPF'F'P;iSSti ;iS;iS;i$SSStitiS;iSS :~SSSSSS3SSS3SCCCf. 
hNEE5SwWNNEESSivVvI4NEf SSv1 :9NNEFSS1yWWNivNhNWNNN .jrivrirINNNNM!JNqtJ'iNr4IJNNPIN 
C?020?0?C?(??n?.020?020202tiT.0202020?_020?U?,)?_U?O1121)202U7020?U?0?_02 
,OSCSOSOS0505~1So5p50S()505050505050SU50b0505()505(1SUSOSOSOSUSoSOSo 
s249i449.~ti~ :99JSl.9Q~s749..~i!5~~.44~04QQQ44i~lZQ_4l44_0!1i!Q~S19S~ .RC~.~Q.4 .4~c9.04~on~it!--
OOOOk:U1,U :!UUUOOOOUOOOU0UOOOU()OOOOOoUOUOUOUOnUopU00U00U0UQuU0c)UUUO 

w 
w 01 

Listriella barnardi 

L n omoeiae 
Aglaophamus verrilll 
Halanoglossus 

Zoenthar a act n er a 
Ophiuroides 
Amphipoda 

na t es eryt rop Y ua 
3inum p rspestivum He 

mipho~as elongeta 
_I_vonaia hvalina floriclana 
eraaa sopo a ent ua 

Portunus 
Uphiodromus obseura 
MarQhvae ~anauinea 
Ant~tome 
C 1 yn~ene 1 1 a Ml 

coma pu11ey1 0- 11 1 
upuladra 4ma 

Go lfingia t~ichocephala 
Photis macromenus 
CACAlpeydoni 

a Mythoa texaensis 
3 oghtn bomb 
Tere e Me 

8 
Styr:emii 

zone 
i1r2fiMae 
M rohysa belli 

Phtys bucera 
Ceratoce~ ale cf .

a
C . loveni 

tlPflaSp d 3CU at 
Maid,nidae 
Amaeana trilobata 
Thvasira ova m

e 
eee 

0~eomeceros an Zeus 
Drilonereis longs 
Ampharete ameritane 
A n 
ourre a a sp na 
Leiolambrus nitidus 
Oncholalmidae 
Hothidae 

x 
x 
x 

x xx 
x 

x x 
x 

x xx 
x x xx 

x x x 

x , 
x x xx, 

xxxx x 
xxx 
xx 

x z x 
x 

x x 
x x 

x x x 
x x xx 
x x x x 

xxxx x~ 

x x xx x 
x x x x 

xx x z 
x x x 
x x 
x x 

xx x x x 
x x 

x x x 
x 

x x 
x x x 

x x x 
x 

x x 
xxxx 
x x 
zxx x 

x x 
x x 
x 
xx xx 

x x x 

xzxx 
-x x x x 

x x x 
x .x 

xx x 
x x xx 

x xx 
x x 

x x x x 
. . I . 

xx x 
xx 

x x x x 
x z x 

x x 
x x 

x x x x 
" xxx 

z x 

xx xx 
xx 

x x 
xxx 

xx x 
x x 

x x 
x x 

x 

x 

z 
x x ii x 
x x 

xx 

xx 

'An c indicates occurrence in at least one grab per station . 



TABLE GS (Cont'd) . 

w 

' Stations 
OOUOtt000UO0000U0U0UQOO00unUOU000o0U0U0uUU0111111111111111111112t12r2 
tlit1111222222t?33333333n4aa4vvv55bbl7dtlvyuo1t223 ;uv55(>677Kw)von123u 
pppppppPPPPPPPPPPPPPPPPPPPPPPPPPSSSSSS ;iS :iSSSSSSS55S3SSSSSSSSSSSSCCCC 
~NNEESSY+WNNEESSWWNNEESSV1WiYNEESSWWWNiVNNNIVNNNNNVWNNtJN~JNNHNNNNNNNNNN 
0202020202U2020202020202020202020202U2U2U?.U7U?02u2020202U1_U?0202 
SQ5050505050505050505050SOSOS0505050505050505050505050505U5050'i0 
94O-Q.490~1245!40SiQ 4~QQ~44900000oot~.ouoon0L9 ooooo0Q000~n 0000 onnu-_- 

U Taxa U0 OSGOOOUOOOOOO000u000U0U00000000000 U000U0u000U00000U0U000U0000 

Myriowenia californienais xx x 
Petricola pholadiformis xx x 
Me alomTa bloculata x x x 
Oliva x xx 
u ine a era s 
Ostracoda x x x 
Nodosaria fuate xx x 

n entricus x z x 
y ae x x z 
Chone xxx 
DiploAonta aoror x x x . 
Go lfin is ellueida x - xx~ 

a ereVra l u u" l urn vu n 

StomatoPOde x x x 
Schizaster orbipnyanus xx x 
s ei th es x xx 
ninozoa x x x 
Edwardsia x x x . 
Nematode x x x 
En helidiidee x x x 

N0 phtysnmayelysnice x x x 
D~plo ir~us 

1 
xz x 

Cevo ne ton irostria x x x 
YClaspis varians x x x 

Monoculodes edwardsi x x z , 
Squilia x x x 

Qn3LLSJ~ 4SQ~ACLJaS~CP NS x - - x . -- _ 
5ymvhurus x x x 
A; 

Is 
nthohaustorius cf . A, millai xx 

Sipuncula , x x 
Lenticulina celcar x x 
Lenticulina bowdensis xx 
Pentamera pulcherrima x x 
Lenticulina iota xx 
Dispio uncinata xx 
Eucretodes agaseizi zx 
Piste cristate x x 

Philine seyra x x 
l.eptonidae B x x 
Scoloplos rubra xx 
PyrunCUlus caelatus x z 
Atrina seminude z x 

'An Y indicates occurrence in at least one grab per station . 



TABLE GS (Cont'd) . 

w a 
u 

' Stations 
oooonooornooouunuooou()oounooo0oouououououo1t111tttii111ttl1tttz2z2?t 
I1111111222222t233333333444444445566!78f1y9U011223iu455b677H±199uo12 .i4 
WPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPSSSS5SSS :iSSSSSSS5SS3SSSSSSSSSSSSCCCf. 
IvNEESSWWNNEESSWWNNEESSVIWNNEESSWWWNrvNhNNNNNNNVfJPINNNy1dIJNNNWNNNNNNN 
0202020202U2020202020202020202020202U2U2U2U?U702o2020202U2U2Q202 

050 0 0 50 50 50505050505050SOS05 5 5 505050505050505050505050505050505 0 ~ q ~ ~ ~1 QQ QQ Q ~ 
000 0 

OOOOOOUOl10U00 0 0 0000 00U 00 OOO~U 0 U~Q~O J 0U00 OOO p00 Taxa 0U U00 0 O 

Oqyrides limicole x x 

Grubeulepis x x 
Parvilucina multilineata x x 
ATpellsta x x . 

Stenothoe x x 
Leptosomatidae (nematode) x x 
Anaitidea mucose x x 

Polydora x x 
Poeciloehaetus Johnsoni x x 
Pettinaria vouidii x x 

Atlanta peronii x z 
?urridae B x x 
Leptonidae A x x 

Ericthonius brasiliensis x x 
Hippomedon x x 
Trethypenaeus sim " lis x x 

Asptdosiphon Cu~ningii xx 
CupuladHa biporose x 
Lovenella grandis x 

Ethiura x 
er ia albetroasi Nodos x 

baeum 6ranchiosto~na car x 
~ i LaptosynaPta muttPore x= 

Linaa amiantus x 

Chaetozone setoaa x 
Cymatiidae x 

rorate Unciola i x 
: x 

UiseoPOrelle dome x 
Theristus x 
Corophiidee x 
jersch z 
CYatholaimidae x 
Paleanotus x 
Orbiniidae x 
HAoleweoleolos frapilia x .' 

'An x indicates occurrence in at least one grab per station . 



TABLE GS (Cont'd) . 

w 
a 

' Stations 
oouoGOOOOnooooo()voonuoqo()i1pouoonuouou()aouol t t t t 1 1 i t 1 I 1 1 1 l t t t t 
1 III 111 1222?2?1.733333333444444UU556617tltSV4Uo L 1273 SuttS5o677N++1)vun 1 ,)S+I 
PPPVf'PPPPPFPFNPPf'PPF'NFlNfJpppppF'Np :;S5:iSS :aS ;iS ;;SSti;iS ;;7S3S55 F, SSS:iSS3SCC(;( . 
NNEESSWNNNEFSSNWPJNEFSSVI~VNNEFS$19V!(JNivNP:tlIVNNN~:tlVflPiNNfd~JM'JPJtJIv:JNNtJt~NP1~J 
0 202020?U?n2020 2 020? 02O20702020?0? 020?u?u2v ;, Vozo20 2uz02u20 2c;2o2 5050S0 50 5 05051150505050 5 0 5 05050505050 50505P50 S050 505050505050 5 O`i(i 

_Q.49.tl 4.9 .Q?}X145).UU94S4.999.44) 44() 44Qt>4!1.11.Q44Qi~VS~OVPQ99st12 Ui) 44~J4 it4~) 1) u 4R4 raxa _ . _ _ . _- ouook,ol;ciuauocuouuoouuououoouuooououooououonciuooooou~~ouo~iuouoc~(J" .c . 
Chaetopterus variopedatus x 
La saeidee x 
Cressinella tunulata 

, 
x 

x 
Lonaioedia helgolendica x 
Eriopisa intisa x , 
Pseudomedeus aqasaizi x 

x 
Merqinu inoPS 6 mePg nu no des x 
Eoonides entiilerum x 
Pullenia bulloidee x 
Loyonal x 
Pennatu idae x 
Turbellaria x 
Papa omesoma x ; 

x 
Phano ermstidse x 
EnoPlidae x 
PolYChaeta x 
Phyllodoc dae x 
Parandalia ocularis x , 
SPhaerodoroPSis x 
flnu

. 
his eremite 

Eunicidae .x 
Schistomeringos rudolphii 
Schistomerinpoa cf . S . caeCa 
Scoloplos fra9ilis x 
Aricidea x 
SPionidae x 
Microspio Pi gmentata x 

x rretu us 
Coasura x 
Pieta pelmata x 

m 
einostoma laceynense 
Nassarina gl 

V l 
x 

Polystira albide o : x 
x 

Tu o ~ X ~b nilla A X . 
Acteon Candens ,x 
yn_1_wu1A 1]_~ x 
Vold eno des x 
Anadara transversa x 

'An x indicates occurrence in at least one grab per station . 



TABLE GS (Cont'd) . 

w 
v 

'Stations 
O0 0 0 0 O0 0 0 0 0 0 0 0 0 (1 v0 o0 4) 0 0 0 0 0 o0 0 0 0 0 0 0 u0 0 o1) 0 0 0 tttt~ttttlttt~tttttt~lr~ .l 
111 t 1111222222t?35333333r+4444U4U55b617dFSy9u0l i?.73 5445'.~o617Nt~`~4~1 :1125~~ 
VPPPPPPPNFFF'PPVPPf~PPNPF'PPPPPPPPP5S5:iSS ;iSSS:SSStitiSSi$ ;SSStiSS5SSSSSCCCC 
NNEESSWWN''tf.SSr1wNNEF ti6VIWNNEFSStVV+I4N~vNNtl14NNNNtl,vN r1NNNyN;dFJP~~J~iruNrsNwMN 
U2020?^?G.(1?n?.02020207020?.U?0202u?U2U?U2U20?o7;12o 2020?02U?U20?_C2 
'jU50"0505051'al`5 0 S050 505 0505050505050 50505050505n 50505050505050'i0 
So 9i~Q..aP9^44livS,i9.4H-Q.4Q 4i11?O0 0 U44.42US1 .Q44U.1 .VP 0 0 4!?.U9S~R .Q~Q 4_0P 4.94' 9Tt0---- 

TdXd 400000°.%0'JuuU~iU00U0UUU0U0000U000A0oU0U0U0UO0(r00o00UUUUUU0ty0Ui1U'o 

Anedara ovalis x x 
~ma oc i n X 

Matoma x 
Telling aequiatriata x x 

lone x 
Pandora bushiana x 
Periploma cf, P . orbicularis x 

X 

Sarsielfe C x ~ x 
Call us x COA x 
Tanaiaces x 

x Lembps 
Lembos brunneomaculatus x edicerotidee x 
rocessa x 

Upogeb;e sffinis x 
Paguridee x 

on irensis x . 
epetus x 
Raninoidea x 
Frevillea barbata x z 
C ro ota aev s x 

x Moloadia eubana 
Enteropneusta 

I Pareconaer caudi 1 imbatus . _ _ 
Serran ae 

. 
x 

Gobiidae - . x 
Gobioides broussonneti x 

'An x indicates occurrence in at least one grab per station . 



TABLE G6. Distribution of macroinfauna taxa by station for Cruise III . 

'Stations 

Taxa 
hynchqcoela 

000000000000000000000000000000002222 
111111112222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPCCGC 
NNEE33WWNNEESSWWNNEESSWWNNEESSWW 
02020202020202020202020202020202 
50505050505050505050505050505050 
ooooooooooooooooooogooooooogoogo 
00000000000000000000000000000000 

.xxxxxxxxxxxxxxxxxxxxxxx-xxxxxxxxxxxxx . 
nerets ,xxxxxx xxxxxx.xxxxxxxxxxxxxxxx xxxx 
Mediomestus californiensis xxxxxxx xxxxxxxxxxxxxxzx xxxxxx xx . 
ojgambra tentaculata ~ .xxxxxxxxxxxxxxxxxx xxxxxx xx xxxxx . 
Corbule rontracta 
Sthenelais boa 

a LuTbrineris tenuis 00 Ow wwwan4 ~ ~ ~ ~iww2la 

,xx xxxx xx xx xxxx xxxxxxxxxxxxxx xx . 
.xxxxxx xxxxxxxxx xxxx xxxxxx x xxxx, 
.x xxxxxxxxxxxxxxxxxxxxxxxx xxx . 

Magelone Phyllisae I .xxxxxxxxxxxxxxxxxxxxxxxx xx x . 
Cossura delta .x xzxxxx x xx xxxxxxx xxxxx xx xxx . 
Armandi$ maculate .xxxxxxxx x xxxx x xxxxxxxxxxxxx . 
Thaiyx-marioni .xx xx xxxxxx xxxxx xxxxxxxx xx x . 
Nephtys incise .xxxxxx x x xxxx xxxxxxxxxxx xxx . 
NQtomastus latericeus I � xx xxx xxxx xx xx xxxxxxxxxx xx , 

R 
Peocarcinus lobatus xx x xx x xx xx x xxx x xxx x x x X, 
mpherete acutifrons xxxxx xxxxxxxxxxxx xx x 

Glycinde nordmanni x xx xxxx xxxxxxxxxxxxx . 
Aspidogiphon albus ,xx x xxxxxxxxxx x xx xx 
Glycera emericana x xxxxxxxxxxxxx x xx x 
Paraonis qracilis xxxx x x xx xx xxxxxx x x . 

Automate evermanni 
Magelona rosea 
Nuculana concentrica 

.x x x xxx xx xxxxxx x xx . 

.xxxxxx x xxxxxxxx x x . 
,x x x " x xxx xx xx x xx xxx 

1 An x indicates occurrence in at least one grab per station. 



TABLE G6 (Cont'd) . 

W 

'Stations 
OOOOU4000000000000000QOOOO0000o02222 
111111112,222222233333333444444441234 
PPPPPPpPNPPPPPPPPPPPPPPPHPPPPPPF'CCGG 
NNEFSSWWNNEESSWWNNEESSWWNMEESSwW 
02020202020202020202020202020202 
50505050505050505050505050505050 
QQ000000Q00000000000000000000000 

Taxa 00000000000000000000000000000000 

Amphioplus Coniortodes .xxxxxxxx x xxxxx xx 
Prionospio CirrobranChiete xxxx x xxxxxx x x x x 
V lvule a xasiene xxxxxx x xxx xxxx x . 

Ninoe n;qripes x xxxxxxxxxxx xx . 
Amphiodia atra xxxxxxxx xx x xx x . 
Ar icidea suecice x xx x xx xxxx xx xx . 

l.~striellabarnardi .xxxxx x x x x x xx x x . 
PseudeurYthoe ambigua xxx xxxxx xxx x x 
Gyptfs vittata , xx x x x xx xx x x xx . 

Ceratonereis irritabilis xx xxxxxx xx x x 
Am pelisCa abdita xxx xxxxx x xx x . 
3abatieria . xx xx x x x x x x x x . 

Acetes ameri ;anus ,x xxxxxx x x xx x 
Ancistrosyllis jonesi , xxxxx x x x x x x x . 
Chaamocercinus mississippiensis .x xxx x x x xx x x x 
Deco-ad: ~ C$ r t h r A podA) Y Y Y Y X x X Y X 

Alpheus flQridanus .x x x x x x x x x x x . 
Oxyurostylts smithi xxxxxxxx x x " 
Timarete x xxxxxx xxx 

Asychis elongate x x x x xx x x x x 
Lepidasthenia x xxxxxxx x 
Terebra dislocate .xxx x x x x x x 

Abra aequalis xxxxxxxx 

1 An x indicates occurrence in at least one grab per station . 



TABLE G6 (Cont'd) . 

'Stations 
000000000000000000000000000000002222 
111111112222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPCCGC 
rvNEESSWWNNEESSwwNNEESSwwNrlEESSww 

50505050S05050 0 0 0 0 0 5 5 5 5 5 50505050 
0400000000000000000000001~0000000 

Taxa 00000000000000000000000000000000 
C1Ymenella torquata calide - Chione clenchi .xxx xx x x x . x x xx x xx x 
Diplqcirrus 
Amphturidae x x x x xx xx 
Mulinia lateralis . x x x xx x x x 

xxxxx xx 
Ampelisca verrilli 
Ampelisca aqessizi , x xx xx xx 
Gastropoda xx xxx x x , .x x, x x x xx 
Loimia vivid s 
Ampharete americana x xxxx x 
Photis macromanus x x xx xx 

xxxx xx 
Onuphis nebulosa 
Breqmaceros atlanticus xxxxx x 
Netica pusilla xx xxx x . x xxx x x Ana.i.ti des erv t hr ophyilus x x xx x 
Bivelvia x x x xx x 
Spiophanes bombYx 

x x x x x x 
x xx x xx Harmothoe 

Caridea 
, x xx x x x 

Dorylaimopsis x xx x x x . x x x Aqiaophamus verrilli x x x . 
x xx xx 

Anadara ova is 
Polydora ligni 

x x 
xx x x x 

xx x x x 

l An x indicates occurrence in at least one grab per station . 



TABLE G6 (Cont'd) . 

'Stations 

Taxa 

OOUOU4oo00(t000oOQ0000000000000002222 
1f1111i :2222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPf'PCCGC 
NNEESSVJWNNEESSWWNNEESSWWNNEESSnW 
020202020202020202020202020202U2 
50505050505050505050505050505050 
94QSZS~.S~Q.Q_Q OO0o00000000U000000 000 000000000000000000000ouooooooouo 

W 

Cinqula xxxx x 
xxx x 

olYdora socialis x x x xx 
8rachyura x x x x x 
L ;nhomoetdae xx x x x, 

xxx x 
Pets co a p o a iorm s xx xx 
Anadara transversa xx x x 
Diplodonta soror , x x 

' 
xx 

x x x 
Giycinde solitaria x x x x 
Portunus x x x x 
Ophiuroidea x x x x 

xxx 
nachis obesa . x x x x 

Euceramus praelonqus x x x x 
NeoCOnger mucrana us .x x x x 

. . 
xx x x 

yriowen a ceiorn ens s x x x 
Apseudea x x x 
Piste palmate � x x x 

x xx 
hem os b'~r nneomaculetus xx x 
1~}ephty s pitta - 

t l 
x x x 

x as e on ate Hemlpho xx 
x x x 

SPioChaetopterus ocu atus xx x 
Pectinaria qouldii x x x 
Nasserius acutus x x x 

1 
An x indicates occurrence in at least one grab per station . 



TABLE G6 (Cont'd) . 

w v 
N 

'Stations 
000000000000000000000000000000002222 
111111 :22222222333333334uUU4vuu12Su 
PPPPPPPPPPPPPPPPpPPPPPPPPPPPPPF'F'CC(,C 
NNEE SSVJWNNEESSWWNPJEESSWwNNEESSnW 
02U202U2U202U2U202020202U20202U2 
50505050505050505050505050505050 
SZ44~QS144.1~~O00004000QO000000U0 

Taxa 00000000000000000000000000000000 

1Crospio pt Qmenteta 
Lima locklini 

x x x 
x xx 

Latreutes parvulus x xx 
x x x 

Lei4lambrus n t dus xx x 
x x x PelYthoa texaensis 

x x LYonsia hYalina florldane x x x -n-lift -o odon 
Phas oTfon stromb 

~ 
XXX 

xx x Cupu adria dome 
Disc porella umbelleta x x 
Xenanthura revitelson x 

x x Polycheete x x Terebellides stroemii x x 
maeana- tri 1obeta 

x x , 
x x Anadars xx Mysidopsis blqelowi . 

, x x ~ sRec i o~_~--. 4 #1 
nuph s eremlto ocul ate --- x x . 

x x Oorvillea sociabilis xx Sinum perspectivum , 
x x 

a gurus (decapoda) 
Calliactis tricolor 

x x 
Cerebratulus luridus x x- 

x x Polvodon_tes luoina . . 
x x 

1 An x indicates occurrence in at least one grab per station . 



TABLE G6 (Cont'd) . 

w 
v W 

I Stations 
OOU0000000000000000000000000000022Z2 
111111112222222233333333444444441234 
PPPPPPPPPPPPPPPPpPPPPPPPPPPPPPPPCCGC 
NrvEESSwwrvNEESSwwNNEESSwwNriEESSww 
02020202020202020202020202020202 
5050505050505050505050550505050 
00000000000000000000000000000000 

Taxa 00000000000000000000000000000000 

UPhiodromus obscura x x 
Sigambra wassi x x 
Nephtvs bucera xx 
M h sa san uinea x x 

-- i x x co or ra e s rr 
Nlal acoceros vanclerhorst i x x 
Aoni des xx 

1 m n a x x 
- - yrowenia c . . cal' ~ f orniensis x x 

x x Po " inices duplicatus 
Cantharus cancellarius x x 
Ari dae x x 
onocu Q Rs e war s 
Synchelidium americenum 

" x " " x x 
ilis n Tra h p s l e 

x x ~ d 8 m s l co 
~ 

x x 
- exepanopeus anqus iions x x , 

x x Frevillea barbate 
Squilla chydaea xx 
B r ac h i proda -- --- x x - - - - _ 
AstropeCten duplicatus x x 
Enteropneusta x x 
Filelium serpens x 

x Varicorbula operculeta 
Goniada teres x 

x Scoloplos rubra 
Magelonidae x 

Notomastus hemi podus ~ " x " 

1 An x Indicates occurrence in at least one grab per station . 



TABLE G6 (Cont'd) . 

Stations 
OOUOUQp404UOUOOOQOOOOUOOOOOOOOU02222 
1l1ll11 :222222223333333344UU4v4u12S4 
PPPPPPpPNPPPPPPPpPPPPPPPPPPPPPNPGC(.C 
NNEE SSVvWNNEESSWWNPJEESSWWN~IEESSnW 
02020202020202020202020202020202 
505050505050505050505050505Q5050 
Q4 0 .0 0 Z0 0" _~ ~9 0 0 0 0 4 0 d 0 0 Q~ Q(ZQQn . 0 0 Q 

Taxa 0000000000000000000000uoo0000oUo 
Teinostome biscbynense x 

. Lemboa smithi x , 

Obelia x 
Metacomesoma '" x 
Exo one x 
Schistomering. os 

l i 
x 

rratu C us C f . C, hedgpethi x 
Pyrenidae , x 
Uosinia discus x 
Anthuridae x 
Hepatus 

- -- - 
x 

Protenkyra ~ 
lenticulin 

x 
a 

Lenticulina iota 
x 

x 
Pennatulidae x 
Anthopleura krebsi x 
Paranthus rapiformis x 
Theristus x 
Choniolaimidae x 
Phanodermatidae x 
Anaitides mucosa , x _ 
AnCistrosyllis pepillase x 

1 An x indicates occurrence in at least one grab per station . 



TABLE G6 (Cont'd) . 

w 
J 
N 

1Stations 
OOUOOOOOOOU0000000000000000000002Z22 
111111112222222233333333444444441234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPCCGC 
NNEESSWWNNEESSWWNNEESSWWNNEESSwW 
02020202020202020202020202020202 
50505050505050505050505050505050 
000 0000000000000000000000000000 

Taxa 00000000000000000000000000040000 

Parandalie ocularis 

G1 YCera (polychaeta) x 
Dr ilonereis cf . D . Mum 

x 

Ar tides x + 
Spiopettiboneae 

x Poecilochaetus johnaoni x 
ternesps acutata . x 

Chon x ~ 
Mega omma bioculata x 
Grubeul.epis X 

Nassarina 9lYPta x 
Kurtziella 

x 
Acteon unctostriatus x 

Parvflucfna multilineata x 
Linga amiantus x 
Lasaeidae A v Ir - I 

x x 
Tellina cristata x ----- " -- 
Tellina aequistrieta x 
Teilidore c~istate x 

Veneridae x 
Mercenaria mercenaria texana x 

I Pitar cordatus -- . x 

l An x indicates occurrence in at least one grab per station . 



TABLE G6 (Cont'd) . 

w v 

I Stations 
000000000000000000000000000000002222 
111111112222222233333333444444441234 
F'PF'PF'PPPPPPPPPPPF'PPPPPPPPPPPPPPPCCGG 
tuNEFSSWWNNEESSWWNNEESSWWNNEESSWW 
02020202020202020202020202020202 
50505050505050505050505050505050 40000000000000000000000000000000 

Taxa 00000000000000000000000000040000 

Periploma -- x , 
Periploma cf . P, orbicularis x 
Bushie elegens x 
Caligus x 
Tephromysis louisianae x 
Siriella 
f. 

x 
x 

Cyclespis varians x 
Corophium x 
Parametopella texansis x 
Periclimenes ,x 
Alpheidae x 
Alpheopsis x 
Hepatus epheliticus x 
Perthenopidae x 
Xanthidae 
General ac i clap 

x Glyptoplax smithii x 
Squ i 1 1 a x 
Squille empusa .x 
Golfingia trichocephala x 
Aspidosiphon spinalis x 
Echiure x 
Schizaster orbignyanus x 

1 An x indicates occurrence in at least one grab per station . 



TABLE G6 (Cont'd) . 

Taxa 

'Stations 
OOUOUOoOOOOOOOOOCOOOOOOQ000000002222 

44441234 11111111'22222222333333334444 
i'PPPPPPPPPPPPPPPPF'PPPPPPPPPPPPF'F'CCLC 
NNEESSI'+WNNEESSWWNNEESSWWNtIEESSwW 
02020202020202020202020202020202 
50505050505050505050505050505050 
~"00 0 ,QUQU 0 0 00 0 0 0 0 00 00 00 00 0 0 0 0 aa 00000000000000000000000000000000 

x Oste chthYes 
Anguilliformes 

x 
Go bio9des broussonneti x 
S"ph u r u s o Lest.iu8 -a- x 

lAn x indicates occurrence in at least one grab per station . 



TABLE G7. Distribution of macroepifauna and demersal fish taxa by station forCruise I. 

' Stations 

000000000000000000000000000000002222 
111111112222222233333333444444441234 
PPPPPPpPPPPPPPPPPPPPPPPPNPPPPPPPCCCC 
NNEESSwwNNEESSwwNNEESSwwNNEESSww 
02020202020202020202020202020202 
50505050505050505050505050505050 00000000000000000000000000000000 

Taxa 00000000000000000000000000000000 

leiolambrus nitidus .x x x xx ,SQlri 1 1 a emPuse ' , 
Callinectes similis .x x xxx . 
Prionotus rubio ,x x x x x . 
Trachypenaeus similis x x x x . 
Loli o pealei x x xx . 
Callyectis tricolor ,x x xx, 
Alpheus flori danus .x x xx . , 
Peneeus aztecus x x x . 
Stenotomus caprinus x x x . 
Anchoa mitchilli x xx 
H~l eut chthYs aculeatus x x x . 
Anchoa hepsetus x x x Teach penaeus x x x . 

x 
WidonQ tus sublevis 

id 
.x x x . 

oero es parvus x x x 
Et~opus crossotus x xx . 
Centrop ~istis p iledelphicus x x x . 
F'leurobranchaea hedqpethl .x x 
Portunus s fnicarpus x x . 
Portunus aibbesii x x 
Penaeus setiferus x x 

'An x indicates occurrence in at least one trawl per station . 



TABLE G7 (ConYd). 

'Stations 

w v 

OOOOOOOOOOOOOOOoOOOOUOOOUOOOOOU02222 
111111112222222233333333444444441234 
pPPPPPPPPPPPPPPNPPPPPPPPf'PPPPPI'PCCCC 
NNEESSwwNNEESSwwNNEESSwwNNEESSww 
02020202020202020202020202020202 
50505050505050505050505050505050 
0000000 nnn0000000000000000000000 
0000000 0000 00 0000 0 0 0000000000000 Taxa 

Ampharete americana x 
Cantharus cancellarius x " 
Processa bermudensis .x 

Amp iaplus coniortodes .x 
Urophy is cirratua 

j 
x 
x dium graelisi l.epoph x 

uncula brevis Lolli x , 
3auria brasiliensis x 
Polydsctylus octonemus x 

Po ydora 
~ x ebellidae Te ~ x 

Penaeus duorarum x 

PorcellenA sigsbeiana x 
PorCeilana sayana " x 

x Ranlnoides louisianensis 
Ceelocerui-spinQ 4us 
8revoortie patronus x 
liregmeceros atlantiCUS x 
Prionotus stearnsi x 
Lerimus fesciatus X 
Ceriantipetharia ceriantharia 

x Pennatulidae .x 
RhynChoCOela x 
QphiOdrOmuS ObscS1.r8 

'An x indicates occurrence in at least one trawl per station . 



TABLE G7 (Cont'd) . 

'Stations 

W 
0 

Taxa 

000000000000000000000000000000002222 
111111112222222233333333444444441234 
HPPPPPpPPPPPPPPPPPPPPPPPPPPPPPPPCCCC 
NNEESSWWNNEESSWWNNEESSwWNNEESSWW 
02020202020202020202020202020202 
50505050505050505050505050505050 
00000000000000000000000000000000 
00000000000000000000000000000000 

Squilla chydaea xx . 
Pe pHlus burti x x Palythoa texaensis .x x Antennarius radiosus _ x x . 
Arius fells x x Mepatus ephelitiCUS .x x Citherichthys spilopterus x x , 
S con ie hrevirostris x x . Por chthys porosissimus x x SymphuPus civitatus x 

. 
x . 

Anchoviella perfasciata x x Lutlanus synaqris .x x Tecebellides stroemii x x . 
GoDionellus boleosoma ,x 

x 
x, 8ollmannia communis X 

Callinectes sapidus x, , 
Anesimus latus 
Persephona crinits 
Cirratulus cf . C . hedqpethi . x 
Serranus atrobranchus x 
Anchoa nasute 
Leiostomus xanthurus 

l An x indicates occurrence in at least one trawl per station . 



TABLE G7 (Cont'd) . 

w 

'Stations 
000000000000400000000OOOOOOOOOU02222 
ii1111112222222233333333444444441234 
PPPPPPPPPPPFPPPPPPPPPPPPPPPPPPPPCCEC 
NNEESSWWNNEESSWWNNEFSSwWNNEESSWW 
02020202020202020202020202020202 
50505050505050505050505050505050 
00000000000000000000000000000000 
00000000000000000000000000000000 Taxa 

S-i gamb ra " x 
Glycere americana " x - 
Goniadida x ~ nt~ x . 
mp arefe eCutifrons .x 
Murex fulvescens x 
Photis macromanus x 
P us d' en s x 
in a emarg nata x 

Aspidosiphon eibus 
id hi O 

x' 
x ea uro P x 

op unn s macrurus x 
x Dorosoma petenense 

S nodus toetens X 
U P l ect rum bivi tatum x 
erranus p oe e x 

MentiCirrhus americanus x 
Kathetostoma elbigutta x 
3comber iaponicus x 

'An x indicates occurrence in at least one trawl per station . 



TABLE G8. Distribution of macrcepifauna and demersal fish taxa by station forCruise II . 

I Stations 

w 

N 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOUOUOOOU01111111111111111111122222? 
111111112222222233333333444444445566778849U01122334U5566778d99001 234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPSSS3SSSSSSSSSSSSSSSSSSS3S5SSSSSSC CCC 
NNEESSWWNNEE33WWNNEESSWWNNEESSWWNNNNNNNNNNNNNNNNNNNNNNtJNNNNNNNNN 
020202020202020202U202020202020202U20202U20202020202020202020202 
50505050505050505050505050505050505050505050505A5050505050505050 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOUOUOOOOOOOOOOOOOUOOOU00000 
88888883 

Taxa 

Pcionotus rubio .x x x x x x x x x x x x x z xx, 
x x x x x x x .' x z x x x x x . 

ali ¢utlththys aCUlea ua 
l id b S 

x x x x x x x x x x x , aur a rasi iensis 
S 111& chydaes q 

x x x x x x x x x x 
: ~ ft x x x x x 

X 
x x x x 

Lo i Q peals 
x x x z x x 

x x x x x x z x x 
xx . 
x 3qui le empusq 

L i b ~ i 
.x x x x x x x x x x . e o a~n rus nlt due , x x x x x x x x x x . 

rtunus gibg eaii .x 
x x x x x x x x x z x x 

z 
x P tar so~datus 

Cithe~iehthys s ilopterua x 
x x x x x x x x x 
x x x 

. 
x . 

. x x x x x 
x x x x x x x x 

x . 
x . ten9tOmus Caps1nub , x' x x x x x x xx Ca 

llinectes similia 
x x x % 

, 

Etropus crossotus .x x z x x x x xx, 
x x x z x x x x x . racnypeneeus simllts .x x x z x x x x 

Callinectes sapidus x x x x x x x 
, 

x Diplettrum bivittatum x x x x x x x 
. 

x . 
x x x x x x x x . rtus te11s ,x x x x x x x, 3 aciun~ 9unteri 

X x x x x x x x C loroscombrus chrysurus .x x x x x x x 
, 

SYnodus oetens x x x x x x 
x x x x x x x 

x, 
Serranua etrobrenchus x x x x x x x Murex fulveScons 

~ 
x x x x x x x x x x x x x x or unus ~p n 4rpu, x x x x x x Sicyonia do~sa~ts x x x x x x M~!Popogon undulstus z x x x x x 

s z x x x x x ntennarua re osus 
x Raninoidea louisianensis x x x x x x Gymna hirus texae x x x x x x . 1 nr's m x x x x x x a qr opome exas .x x x x x Ce]~ppa tulcata 

H i i 
x x x x x x o i mann e co~n~nun s x x x x x 

'An x indicates occurrence in at least one trawl per station . 



TABLE G8 (Cont'd) . 

w 
00 w 

'Stations 
000000000U00000000000000000A000000U0U000u011111111111111111111222?2? 
111111112222222233333333uuvava4455b67788yQU0112233vuy5b6778899o0i23v 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSCGCC 
NNEESSWWNNEESSWWNNEESSwwNNEE$SWWNNNNNNYNNNNNNNNNNNNNNNIJNNNNNNNNN 
0202020202U2020202u202020202020202U202U2U2020202020202020202u202 
50505050505050505oSO5o5o50505050505050505o505oSn5o50505o5oSO5050 
OOOOOOOOOOOOOOUOUOOOOOUOOOOOOOOOOOOOOOUOUOOOOOUOOOOOUOU000()OUOUO 

TdXd UUUU VU U U U 

A x x x x x e ebe es s poem +~~ ~ l I x x x x x 
Noe~ia ponderosa 

h l x x x x x : th s poros Poi e ssi~nus x x z xz, e h n z x x x x peoCa~t nu o eu x x x 
Lolliguncu~a brevis ' x x x x x RhynCh eoe s 

s nothus 
° x x x x x 

.x x x x x
. 
. n one eiencm 

Anadara bauqhm anl 
x x x x 

x x x x 
Leioston~us xanthurus x x x Ms ma to ellformis x x x x 
ynos on arenerus x x 
SYmphurus pls~iuba 

h i 
x x x x u~us 1st e~n T~ec x x x x D storsi 1 tArto x z x x . erapenaeus ~ongti~oscris 
' 

x W x 
Acetes eme~icanua carolinee .x x x x Molpadia cubana 

% x x Perse hone crlnita x x z x ; eprilus BUM x 
~ HeAatus epheliticus x x x x Anchoe hePSetus x x x An hoa nit hills x x x 

riC urus ep urus 
~ ~ 

x 
x Anesi mus letus x x x 

Anthopleura krebsi .x x z 
Uro h cis cirratus x x x ye a CIO x x x P ata grionospio Pinn x x x ; 
P I actylu: ?ctonemus x x x v 
cyonia br rostris x x x ro u e aee a 

Anchoa nasuta x x ~ ~ x Lepidonotus variabilis x x x Olive seYena x z 
SYTphurus tivitatus x X x Cslliectia tricolor , 

x s x Seonsia striate x x x 
Pa9urus poll ;caria x x x Porcellana aigabeiana x x x Stomatopoda .x x x 
Psilastercesaiope x x x 

. Penaeus aetiferus x x 

'An x indicates occurrence in at least one trawl per station . 



TABLE G8 (ConYd). 

`Stations 
OOOOGOOOOOOOOOOOOOOOOOOOOOOOOOOOOOUOUOOOU0111111111111111111112222?_2 
11111111222222223333333344u44a4455b677a8vvoo112233uIJ55b6778899001234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSCCCC 
NNEESSWWNNEESSWWNNEESSWwNNEESSWWNNNNNNNNNNNNMNNNNNNNNNhINNPJrVt,INNNN 
0202020202U2020202U2020202020202U2U202U2U20202020202U2U2U202U202 
50505050505050505oSU5050505050505050505050505050505050505oSOS050 
OOOOOCOOOOOOOOOOUOOOOOOOO0OOOOOOOOUOOOUOUOOOOOOOOOUOUOUOOOOOJ000 

Taxa u u 

Amusium papyraeum x x 
Pol st re tellea x x 

x 
Conus austini x x 
Prionotus paralatus x x 
Oecapterus punctatus . x x 

5M; perspettivum x x 
Kathetostoma albiqutts x x 
OgCOCephalus rediatus 

Imia boa - Sthen 
x x 

- x x - 
A Idosiphon albus 
p 

x 
x p hioplus coniortodes U x :x 

Ceratonereis irritabilis x x 
x 

Mydroides protulicola x x 
Anadara transverse x x 
M ropsis quinquespinosa x x 

x 
Nereidae .x x 
Petrochirus diogenea x x 
Mejidae x x 

Squi la x x, 
Priaeanthus arenatus x x 
Stellifer lanceolatus x x 

Lumbrine,is x z . 
Crepidula fornicate x x 
Anadontia albs x x " 

Stenopus scutellatus x x 
Pod qchela lamelligera x Lut)anus campechanus x x 

Sc izester or ignYanus x 
Etrumeua teres x 
Be re marinus x 

Parant ua rePiformis x 
Lepidasthenia 

il id 
x 

x Pseudo rhomb entata a quedr 
Sphoeroides parvua x 
Glycera americana x 

l An x -ndicates occurrence in at least one trawl per station . 



TABLE d8 (Cont'd). 

'Stations 
00000000000000000000000000000ooooououooouoiitiiititiitiliiii>>zzzz22 
1111111122222222333333334n444p44556677H899U0112233445506778tf99001234 
PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPSSS3SSSSSSSSSSSSSSSSSSSSSSSSSSSSCCCG 
NNEESSWWNNEESSWWNNEESSwWNNEESSWWNNNNhNNNNNNNNNNNNNiNJNNNlJNNMNNNNNN 
020202020202020202U2020202020202U2U20202U20202020202U2U20202U202 
SOSU5050505050505o505n505o505050505050505o5oSa5n5o5o505o5o5oSO50 
OOOOOOOOOOOOOOOOUOOOOOOOOOU0000000U000U0u00000U000U0U0U000I10U000 

Taxa uu u u uo u u uu 

ATae.y mi tehi 11 i x 
r d 1 on v xa z 
o n ces up ca us x 
Thai* heeTeatoma floridena x 
Antillophos eandei x 

T : 
sar us aeu us a ,-- 

~ ~ Cosn~ioeoneha ca111fllypta . x 
Tee :*dislocate .x 

z 
x Lithoph~ga blscutate x 

Oetopus vulAaris x 
x 

X p oPeneus roYer z 
Leptochela bermudensis x , 
Alpheus aTblyonyx x 

oxyop m x 
anar ua v tta us x ,- 

Porcellena saYane x 
Albunea psretii x 

x 
t us a mcrop t s ma x 

Ovalipes Auadulpensis x 
Menippe mercenarie x 
Pilymnug x 
Op iact s sev gny x 
AscidiaCea x 
Reje texefa x 
Onarina 1h x 
sraconAer cau m a us x 
Dorosoma petenense 
UroPh c1s floridanus x 

x 
Corp sena Ca care e x 
Equetus umbrosus x 
Lonehoplathus lindneri 
M r 
tom romorus csvs e - x 

iseuestiqma 
s~estha 

x 
pr Bali 

~ 
~ 

h s 1 vi atua x 

'An x indicates occurrence in at least one trawl per station. 



TABLE G9. Distribution of macrcepifauna and demersal fish taxa by station forCruise III. 

W 00 a 

'Stations 

0000000000000000000000000O0000002222 
1111111122222222333333334444114441234 
PPpPPPPPPPPPF'PPPPPF'HpPPPPPPPPPPPCCCC 
NNEESSwwNNEESSwwNNEESSwwNNEESSww 
02020202020202020202020202020202 
50505050505050505050505050505050 
00000000000000000000000000000000 

Taxa 

Etropus crossotus ,x x x x xxxx . s t o x x x x xxx . 
ortunus gibbesll " x x x x-- x xx, Squilla empuse .x x x x xx x . 
Micropo4on unduletus 

' 
.x x x xxx . u r x x x xxx . eiostomus xanthurus .x x x xxx . Sphoeroides parvus .x x x x x x . Astropecten duplicetus x x x xx . 
x x x x x enaeus aztecus x x x x x . Trachypenaeus similis x xxxx . Cellinectes similis 

' x xxxx . 
h r t il erus 

- 
x x xx x . 

ympnurus piaqiusa ,x x x xx Penaeus setiferus .x x x xx . Chaetodipterus fa¢er x x x x x . M nt' rrhus ame~i anus x x xxx . 
ri notus rubio 

~ 
x x xx . Cal iactis tricolor x xx x . 

Symphurus civitatus x xxx . Cynoscion n thus ,x xx x . 
egurus politcaris , -- x xx x . Stellifer tanceolatus ,x xx x . Cantharus cancellarius .x x x . m s us x x x U plectrum bivitfstum x x x . 
Cynoscion arenari us x x x . 

'An x indicates occurrence in at least one trawl per station . 



TABLE G8 (Cont'd). 

`Stations 
000000000000000000000?ooooonoooooououooouoiittii>>ttt1i1ititsitzzzz2 
1111111122222222333333334av4un4u5So6778AV9U01122334uS5b6778899001234 
PPPPPPPPPPPPPPPPPPPVPPPPPPPPPPPPSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSCCCC 
NNEESSWWNNEESSWWNNEESSWwNNEESSWWNNNNNNNNNMNNPJNNNNNNNNNIJNNNNNNNNN 
0202020202U2020202U2020202020202U2U20202U2020202020202020202U2U2 
5050505050505050505050505050505050505050505o505n5o50505050505050 
OOOOOOOOOOOOOOOOUOOOOOUOOOOOOOOOOOUOOOUUUOOOOQUOOOGOUOUOOO0OU000 

Taxa ooooooooooooooooooououoouooouuooooououuouoooouooououooooououuuuu 

Gyptia vittata X x 
Noto~aastus etericeus x 
Anad ~a ovalls x 
La ev~eerdiun~ laeviyetum x 

x 
Processa ber~nud4nsis x x Ac~sntho arpus elexsrtdrf 
Sardine ~le anchovla 

x 
x 

R ombop tes aurorubens x 
Cirratulidae x 
Me danidae " x 
Pomatoceros amen tanus x 

hemphilli Proees 
' 

x 
Pagururevidactylus : b x x 
tenor Ync us aet cornia x 

Hop lunnis metrurua x 
BreaTaceros atlanticus x x 
Car enx usue x 
Chaetodipterus faber x 
Peprilus paru x x 
er antipet ar a ce m ent ara 
Zoantharie ectiniarie x 
Aphrodita " x x 
Polyodontes lupine 

x Nereidae R x 
Unuohidae x 
Ninoe niorioes x 
Soionidee x 
Polydore x 
Maqelone rosea x 
Cirratulus hedgpethi x 
Armandia maculate x 
Clymenella torquata calida .z 
~.tymenella zonalia x 
X+ r v H e u ortensi x 

Architectonics nobilis .x 

`An x indicates occurrence in at least one trawl per station. 



TABLE G9 (Cont'd) . 

W 00 00 

'Stations 
0000000000000000000000000()0000002222 
1111111122222222333333334444144441234 
PPPPPPPPPPPPF'PPPPPF'NPPPPPPPPPpPP(:CGC 
NNEESSWWNNEESSwWNNEESSWWNNEESSwW 
020202020202020202020202020202U2 
50505050505050505050505050505050 
000000000000400U0000000000000000 

Taxa 0.00000000-000000 00000000000000 

Sic onia hrevirostris ` x x X 

L 

1 igun Ula bCevis 

12 

x xx 
CYc opsetta chittenden . . x x x . 
Lutjanus campechanus , x x x . 
C lappa sulceta .x x x . 

x xx 
Lib nia emarg nata x x x, 
Centropristis philadelphicus x x 
Synodus foetens x x . 

x x 
3corpaena ca carata x x . 
Eucinostomus gula x x 
Corbula contracta xx . 

x x 
Ctupeidae x x 
Prionotus tribulus x x 
PolYdactylus octonemus xx 0 

' 
rmothoe x x . 

erebra disiocata xx, 
Mepatus epheliticus .x x 
Tri hiurua lepturus x x . 
Ba t s His us x x 
upuladria biporose x 

rea Diopetra cu x . g 
Sthenelais oa x . 
Anadara transverse x 
syc s e onga a 

Cewebratulus lacteus x . 

'An x indicates occurrence in at least one trawl per station . 



TABLE G9 (Cont'd) . 

w 00 

'Stations 
OOOOOOUOUOOOOOUOOOU0000001)UOOU0022z2 
1111111122222222333333334444114441234 
PPPPPPF'PPPPPF'PpPPPF'HPF'PPPPPPPPPP(;CI:C 
rvNEESSwwNNEESSwwNntEESSwwNNEESSww 
02020202020202020202020202020202 
50505050505050505050505050505050 
00000000000000000000000000000000 

Taxa 

Anachis obese x " 
Fasc aria lilium x 
o y ova soda is 
Anadara ovalis 

x " 
x " 

Persephona crinita " x 
Solenocera atlantidis x 
usycon Perversum pulleYi ^ " 

Chan+a congregate x 
Polinices duplicatus x " 
A1 he s floridanus x " 
orce ena-si qsaeiena 

Portunus spinimanus x 
Nasaarius acutus x " 
T ech enaeus constriCtus x " 
or an a ana 

Hexspanopeus paulensis 

t 

^ " 
" x 

e Otcoce ~alus x 
epop icl1um graetlsi 
DemosPonqia x 
Cerebratulus luridus x " 
Gyptis vittata x " 
Ceratonereis irritabilis x " 
hephtys incise x . 
Lumbrineris tennis x " 
Ninne nigripes x " 
Schistomeringos cf . S . caeca x 
Terebellides stroemii x " 

1 An x indicates occurrence in at least one trawl per station . 



TABLE G9 (Cont'd) . 

'Stations 
UOUOUOUO()OOOOOUOUnUAOOOUOc1p0UUUQ22Z2 
111111112222222233333333414441114441234 
PPPPPPF'PPPPf'F'F'PPPPF'i'N1'PPI'PPPPPF'PI;CGC 
NNEESSOWNNEESSWWNNEESSWWNtJEE5SnW 
020202020202U2U2U2U202U2U2U202U2 
50505050505050505050505050505050 
000000000000000O00000()00()0000000 

Taxa -b "0 0 ()avO-O-6-- 

Architectonica nobilis x 
Ocenebre x 
Theis haemastoma floridane .x 
Murex fulvescens x 

x P1europloCa gigantea x , 
ArCidae A x 
Ostrea equestris x 

Aqriopoma texasiana x 
Trechypenaeus x 
Latreutes parvulus x, 

Petrochirus diogenes x , 
Calappa flammea x . 
Uvalipes guadulpensis x . 
Speocercinus lobatus x 
Dysommidae x 
Saurida brasiliensis x , 

Urophycis floridanus x 
Prionotus stearnsi x 
Diplectrum formosum x 
Trot urus lathami x . I 
Chloroscombrus chrysurus .x 

'An x indicates occurrence in at least one trawl per station . 



TABLE G9 (Cont'd) . 

'Stations 
00000000000000U000U00000000000002222 
1111111122222222333333334444144441234 
PPPPPPPPPPPPF'PPPPPNNPNF'PPPPPPPNPI;C(:C 
NNEESSWWNNEESSwwNNEESSwwNNEESSwW 
02020202020202020202020202020202 
50505050505050505050505050505050 
000000000000000()0000000000000000 

Taxa 

Haemulon aurotineatum x 

Pogonias cromis x 
Equetus umbrosus x 
Hollm nnia communis x 

AncYlopset a quadrocellata x 
Gymnachirus texae x 

'An x indicates occurrence in at least one trawl per station . 



VOLUME I-POLLUTANT FATE AND EFFECTS STUDIES 
Part 7-Normal Histology and Histopathology and Benthic Invertebrates and 

Demersal and Platform-Associated Pelagic Fishes 

by 

Raymond S . Sis 
Co-Principal Investigator 

Jerry Neff 
Co-Principal Investigator 

Virgil L . Jacobs 
Scientific Coordinator 

Newell McArthur 
Co-Investigator 

Raymond Tarpley 
Co-Investigator 

George Stott 
Co-Investigator 

Howard Armstrong 
Co-Investigator 

Clifton C. Corkern II 
Co-Investigator 

Department of Veterinary Anatomy Department of Biology 
Texas A&M University Texas A&M University 
College Station, Texas 77843 College Station, Texas 77843 

Editor : C . A. Bedinger, Jr. 
Editorial Assistant : Laura Z. Kirby 

Southwest Research Institute 
Department of Environmental Sciences 

Division of Chemistry and Chemical Engineering 
3600 Yoakurn Boulevard 
Houston, Texas 77006 



TABLE OF CONTENTS 

Page 

I. 
II . 

III. 

IV 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 393 
STUDY AREA AND SAMPLING DESIGN ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395 
A. The Study Area ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395 
B. Sampling Design ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395 
METHODS AND MATERIALS . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397 
A. Vertebrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397 

1. Field Sampling and On-Board Processiag.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
397 

2. Z,aboratoryAnalysis... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397 
B. Invertebrates .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397 

1. Field Sampling and On-Board Procassing.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
397 

2. LaboratoryAnalyses... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 398 
RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399 
A. Vertebrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399 

l. Muscle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399 
a. Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399 
b. Histopathological Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399 

2. Liver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 402 
a. Normal Microscopic Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 402 
b. Histopathological Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 402 

3 . Gut. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405 
a. Normal Microscopic Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405 
6 . Histopathological Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405 

4. Gonad... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 408 
a. Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 408 

(1) Male... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 408 
(2) Female ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 408 

b. Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415 
(1) Male... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415 

(a) Control Sites.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415 
(b) Primary Platform Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415 
(c) Secondary Platform Sites. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415 

(2) Female . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415 
(a) Control Sites.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415 
(6) Primary Platform Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417 
(c) Secondary Platform Sites.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417 

S. Kidney ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417 
a. Normal Microscopic Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417 
b. Histopathological Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417 

6. Gill.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423 
a. Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423 
b. Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423 

B. Invertebrates .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 426 
1. Bivalves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429 

a. Muscle ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429 
(1) Normal Microscopic Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 432 
(2) Histopathologicai Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 432 

b. Digestive Gland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 434 
(1) Normal Microscopic Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 434 
(Z) Histopathological Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 434 

c. Gut... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437 

d. Gonad. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 439 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 439 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 440 

e. Excretory Organ ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 443 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 443 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . 443 

f. Gill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 444 
(1) Normal Microscopic Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 444 
(2) HistopathologicalConditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .""""""""" . .""" "4 

iii 



TABLE OF CONTENTS (coat'd) 

Page 

g. Other Organs ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 446 
2. Crabs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 446 

a. Muscle ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 446 
(I) Normal Microscopic Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 446 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 446 

b. Digestive Gland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 451 
(1) Norms! Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 451 
(2) Histopathological Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 451 

c. Gut. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453 

d. Gonad. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455 

e. Excretory Organ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455 

f. Gill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455 
(2) Histopathologica! Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457 

g. Heart . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459 
(1) Normal Microscopic Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459 
(2) Histopathological Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459 

h. Other Organs ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459 
3. S6rimps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459 

a. Muscle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : . 462 

6. Digestive Gland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464 

c. Gut. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466 

d. Gonad... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466 
(1) Normal Microscopic Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 471 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 471 

e. Excretory Organ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 471 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 471 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 471 

f. Gill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 474 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 474 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 474 

g. Heart . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 474 
(1) Normal Microscopic Features .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 476 
(2) Histopathological Conditions ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 476 

h. Other Organs ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 476 
V. DISCUSSION ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 479 

A. Vertebrates .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 479 
1. Muscle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 485 
2. Liver.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486 
3. Gut. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 487 
4. Gonad... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 487 
S. ICidaey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 488 
6. Gill.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 489 

B. Invertebrates.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 490 
1 . Bivalves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 490 
2. Cra6s... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 491 
3. Shrimp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 492 

C. Problems Encountered ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 492 

iv 



TABLE OF CONTENTS (cont'd) 

Page 

D. Recommendations for Further Studies .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 492 
1. Indicator Species.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 493 
2. Indicator Organ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 493 

VI. CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495 
A. Vertebrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495 

1. Muscle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495 
2. Liver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495 
3. Gut. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495 
4. Gonad. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495 
S. Kidney ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495 
6. Gill. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495 

B. Invertebrates .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4% 
1. Bivalves .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 496 
2. Crabs... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 496 
3. Shrimps. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4% 

VII. ACKNOWLEDCSEMEN'i'5 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 497 
VIII . LITERATURE CITED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 499 

APPENDICES 

APPENDIX A-Maps of the Study Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 503 
APPENDIX B-Distribution of Histopat6ologies in each Organ at Collecting Sites for each Species . . . . . . . . . . . . . . . . 507 
APPENDIX C-Key to Histopathology Computerized Raw Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 519 
APPENDIX D-Sample of HistopaWology Data Reporting Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 525 

v 



LIST OF FIGURES 

Figure Page 

l. Muscle. A. A. fells. Protozoa clusters (PE) within cross sectioned muscle fiber . 340X . B. A. fells. Proto- 
zoa cluster (PE) within longitudinally sectioned muscle fiber. 340X. C. S. caprinus. Protozoa cluster (PE) 
between muscle fibers . Note capsule (arrow). 340X. D. A. fells. Helminth between muscle fibers. 336X . . . . 401 

2. Liver. A. A. probatocephalus. Relative quantity of hepatopancreatic tissue (h) compared to liver paren- 
chyma (1) and a residing pigmentary encapsulation (HC) . 34X . B . A. fells. An encysted degenerated hel- 
minth (SH) surrounded by chromatophores (HC) and mono-nuclear lueukocytes (LL) . 85X. C. A. pro6a- 
tocephalus. Acidophilic granular cells (AC) form a dense aggregation around a small bile duct (b). 755X . 
D. A. pro6atocephalus . An enlargement of the pigmentary encapsulation in A with its black melanin gra- 
nules (m) and capsule (c) situated adjacent to heptopancreas (h). 472X. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . � 403 

3. Liver. A. S. caprinus. Pericholangial fibrosis (BF) in a large bile duct . 472X. B. C. philadelphica A bile 
duct with moderate pericholangial fibrosis (BF) and rodlet cells (protozoa) (r) in the epithelium . 472X . C. 
M. undulates. Focal hepatocellular fatty metamorphosis (DG). 136X . D. C. Faber. Dense fatty tissue 
deposition (LP) around the liver surface (1) and hepatopancreas (h). 85X. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 404 

4. Liver. A. S. caprinus. A melanotic myxosporidium cyst (PZ) containing a few black maelanin granules 
(m) adjacent to hepatopancreas (h). 755X. B. C. faber. A microsporidium cyst (PZ) within a ribbon of 
hepatopancreas (h) . 136X . C. M. undulates. An early stage of a degenerated protozoan granulomatous 
cyst (PZ) with a thick wall (g) surrounded by acidophilic granular cells (AC) . The cyst is extrahepatic and 
indents the hepatic surface. 136X . D. S. caprinus. An encapsulated nematode (SH) situated within the 
liver capsule and impinging on hepatic space. 136X . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 406 

5. Gut. A. L. campechanus. Mononuclear leukoctyic (LL) response to remnant of a helminthic symbiont 
(SH) in the submucosa (s) and muscolaris externa (m). 47X. B. C. faber. Host response (LL) in the mucosa 
(M) and submucosa (S) with partial destruction . 188X . C. C. faber. A degenerated helminthic granuloma- 
tous cyst (g) with a localizing submucosal response (LL) containing a few acidophilic granular cells. 47X. 
D. S. caprinus . Acidophilic granular cells (AC) within the gut epithelium (e) and lumen (L). 755X . . . . . . . . . . . . 40'7 

6. Gut. A. M. undulates. Unencapsulated cluster of chromatophores (HC) with basophilic granular cells (b) 
in the submucosa (s). 188X. B. A. fells. Chromatophores (HC) partially envelop a degenerated symbionet 
(SH) in the submucosa (s). 188X . C. C. chittendeni. A dense population of rodlet cells (protozoa) (r) 
occupy the intenstinal epithelium . 755X. D. C. philadelphica. A complex granulomatous host response 
composed of a central area of Gaseous necrosis (n) surrounded by dense (d) and areloar (a) fibrous connec- 
tive tissue capsules with a larval nematode (SH) . 188X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., . . . . . . . . . . . . . . . . . . . . . . . 409 

7. Gut. A. C. fa6er. An encapsulated immature cestode (SIB with a mild response in the submucosa (s). A 
few acidophilic granular cells are present in the capsule. 47X. B. M. undWatus. An encysted nematode 
(SH) in the submucosa (s) with a mild fibrophasia by the host. Muscularis extema (m) and mucosa (a) are 
normal . 47X. C. C. philadelphica. A degenerated nematodic granulomatous cyst (SH) in the submucosa 
(s). At high power many acidophilic granular cells are seen within the cyst. 47X. D. M. undulates. An 
encapsulated cestode (SH) enveloped by fibrous connective tissue (c) in the submucosa (s). 47X . . . . . . . . . . . . . . . 410 

8. Gonads . Physiologic morphology of the testis . A. C. chittendeni. Radiating septula (snow) extending 
from capsule to medulla between seminiferous tubules. Rete testis (rt) of medulla. 47X. B. L. campecha- 
nus. Immature testis showing mostly spermatogonia (SG), a prominent capsule (c), and focal leukocytosis 
(LF) in the medulla. 185X . C. L. campechanus. All stages of spermatogenesis, with spermatozoa (SZ) 
throughout cortex but mostly in the medullary region (m). ISSX . D. C. p6iladeiphica . Testis similar to C 
in physiologic state but with most of the more mature, spermatozoa (SZ) directly under the capsule (c). 
185X... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 411 

9. Gonads. Physiologic and pathologic conditions of the ovary. A. M. undulates. Mature ovary, out of sea- 
son, showing the capsule (c) and undulating tubules which contain only primary ova (arrowhead) and 
secondary ova (arrow). B. H. aculestus. Less development than A. Tubules containing ova (arrow) ex- 
tending from capsule (c) to medulla (m) . 47X . C . A. fells. Maturing ovary with primary ova (1), secondary 
ova (2), growing follicles (3), and nearly mature follicles (4) . 47X. D. M. undulates. Maturing ovary show- 
ing secondary ova (2), mature follicles (4), and an atretic follicle (AO). 185X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 412 

10 . Gonads. Physiologic and pathologic conditions of the ovary. A. A. fells. Growing follicle (3) with follicu- 
lar cells (fc) and thecal cells (tc) . Early mature follicle (4) with prominent zona pellucida (z). 470X. B. A. 
fells. Early mature follicle with adipose yolk droplets in the yolk (y), a thick zona pellucida (z), follicular 
cells (fc), and thecal cells (tc) . 470X . C. A. fells. Mature follicle with yolk granules (y), adipose yolk 
droplets (a), and zoos pellucida (z) . 470X . D. C. faber. Growing follicle (3), artertic follicle (AO), and 
focal leukocytosis (LF) . 470X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413 

11 . Gonads. Physiologic and pathologic conditions of the testis . A. A. pro6atocephalus. Degeneration, invo- 
lution of seminiferous tubules (st), capsule (c). 185X . B. A. pro6atocephslus. Acidophilic granular cells 
(AC) and chromatophores (HC) in the medulla. 470X . C. L. campechanus. Regeneration, active sperma- 
togenesis, all phases . Spermatogonia (SG), spermatocytes (SC), spermatids (SD), and spermatozoa (SZ) . 
185X . D. L. rhom6iodes . Encapsulated cyst (CE) and focal leukocytosis (LF) in the medulla. 730X... . . . . . . . 414 

vi 



LIST OF FIGURES (cont'd) 

Figure Page 

12 . Gonads. Pathologic conditions. A. L. rhomboides. Protozoa (PZ) on the capsule (c) of testis . Spermato- 
gonia (SG) . 470X . B. C. faber. Similar to A. 730X . C. C. philadelphica. Degenerated encapsulated hel- 
minth (SH) deep to the capsule (c) of the testis . 185X . D. C. fa6er. Ovary. Stages of ovagenesis . Primary 
ova (1), secondary ova (2), growing follicle (3), and atretic follicle (A). 185X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 416 

13 . Kidney . A. A. fells. Stannius corpuscle (arrows) . 84X. B. A. pro6atocephaJus. Chromatophores (arrows) . 
136X . C. C. Faber. Chromatophores (arrows) . 136X . D. A. pro6atocephalus. Encapsulated protozoa 
(PE). Arrow denotes capsule. 340X ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 418 

14 . Kidney . A. A. probatocephalus. Host encapsulation (c) enclosing protozoa (PE) and chromatophores 
(HC). 340X. B . A . probatocephalus. Host encapsulation (c) enclosing chromatophores (HC) . 340X. C . C. 
fa6er. Note numerous protozoa (snows) in lining of mesonephric duct . 136X . D. C. fa6er. Protozoa 
(arrows) in lining of mesonephric duct . Lumen of duct indicated (ml) . 540X. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 420 

15 . Kidney . A. A. probatocephalus. Heminth (SH). Note chromatophores (HC). 336X. B. A. probatocepha- 
lus. Helminth (SH) . Note exterior wall of helminth (a) and host encapsulation (b). 540X. C . C. chitten- 
deni. Xenoma . Note heavy capsule (b). 136X. D . C. Faber. Acidophilic granular cells (arrows) in connec- 
tive tissue around mesomephric duct. 540X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421 

16 . Kidney . A. M. undulates. Acidophilic granular cells (arrows) . 540X. B. M. undulates. Tubular degenera- 
tion (arrows) . 540X. C. C. fsber. Hyperplasia of arterial endothelium (arrows) . 136X . D. Enlargement of 
C. Note hyperplasia (HA) and intact internal elastic membrane (e) . 336X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 422 

17 . Gill. A. A. fells. Normal taste bud on gill raker. 126X . B. M. undulates. Normal gill filament (F) and 
lamellae (1) with single protozoan cluster between two lamellae . 80X. C. M. undulates. Vascocongestion 
of gill lamellae (snows). 126X . D. M. undulates. Note proteinaceous material representing edema of gill 
lamellae (arrows). 126X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 424 

18 . Gill . A. M. undulates. Hyperplasia of gill lamella. 510X. B. C. chittendeni. Protozoan condition rep- 
resented by ciliates (arrows) . S 10X. C. C. chittendeni. Ciliates (arrows) . S IOX. D. L. rhomboides. Proto- 
zoan cluster, probably myxosporidian, involving gill lamella. Note lymphocytic infiltration (LL) and 
mucous cells (MC) . 320X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 425 

19 . Gill . A. C. faber. Copepod adjacent to gill structure. 80X. B. C. faber. Trematodes . Note absence of 
marked host tissue response. 320X. C. C. Faber. Trematode. 126X . D. A. probatocephalus. Trematode in 
connective tissue of gill raker. 320X ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 427 

20 . Bivalve mucosa . A. C. virginica. Degeneration (DG), 130X . B. N. ponderosa. Focal necrosis (FN) with 
leucocytic invasion and debris (arrow). 340X. C. O. equestris. Dermocystidium-like symbionts (arrows) . 
340X. D. Ostrea equestris. Bucephalus sporocysts (arrows) . 136X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 433 

21 . Bivalve digestive gland. A. P. cordata. Focal aggregration of leucocytes (LF) between digestive diverti- 
cula . 136X . B. P. cordata. Abnormally high number of circulating leucocytes (arrows) . 240X. C. P. cor- 
data. Concentration of yellow pigmented cells (YP) between digestive diverticula. 340X. D. P. cordata. 
Sporozoan (PZ) in a hepatocyte of the digestive epithelium . 340X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 436 

22 . Bivalve digestive gland (A&B) and gut (CBtD) . A. P. cordata. Cestodes (SC') encysted between digestive 
diverticula (dd) accompanied by inflammatory response (IF) . Note connective tissue wall (cw) . 136X . B. 
P. cordata. Larval nematodes (SN) between digestive diverticula (dd) accompanied by inflammation (IF) . 
136X . C. P. cordata. Concentration of yellow pigment cells (YP) in epithelium of gut (ep.) 136X . D. N. 
ponderosa. Cestode (SC) in lumen (lu) of stomach; stomach epithelium (ep) . 136X ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 438 

23 . Bivalve gonad. A. N. ponderosa. Degeneration of ovarian follicles. 136X . B. P. cordata. Degeneration 
(DG) of a spermary and invasion by leucocytes (arrows) . 340X. C . P. cordata. Nematodes (Sly in a sper- 
mary . Note absence of capsules . 136X . D. N. ponderosa. Sporozoan (arrow) at edge of spermary. This 
resembles a coccidian micro-gametocyte . 340X ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 441 

24 . Bivalve gonad (A) and kidney (B-D). A. A. ovalis. Cestode (SC) encysted in ovary (ov), note cyst wall 
(cw) . 86X. B. P. cordata. Abnormally high number of circulating leucocytes (arrows) . 340X. C. P. cor- 
data. Focal aggregates of leucocytes (arrows) . 340X. D. N. ponderosa. Sporozoan (PZ) which resembles 
macrogametocyte of a coccidian. 340X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 442 

25 . Bivalve kidney (A) and gill (B-D). A. N. ponderosa. Sporozoan (PZ) which resembles micro-gametocyte 
of a coccidian. 340X. B. A. ovalis. Abnormally high number of circulating leucocytes (arrows) in fila- 
ments. 340X . C. P. cordata. Focal aggregate of leucocytes (LF) . 340X . D. P. cordata. Cysts of unknown 
etiology (CU) . 340X... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 445 

26. Bivalve gill . A. N. ponderosa. Large area of necrotic gill filaments (FN). Note remains of chitinous rods 
and debris . 136X. B. C. virginica. Nematopsis spores (NS) encysted near chitinous rods (cr) . 340X. C. A. 
ovalis. Sporozoa (SP) in epithelium of gill filaments. 340X . D. P. cordata. Amoeba (AM) in connective 
tissue of filament . 340X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 449 

27. Crab muscle . A. C. similis. Degeneration (DG) . 136X . B. C. sapidus. Focal aggregation of clumped leuco- 
cytes (LIZ). 136X . C. C. similis. Focal aggregation of concentrically arranged leucocytes (LF) . 340X . D. C. 
similis. Focal necrosis (FN). 1363C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430 

vii 



LIST OF FIGURES (cont'd) 

Figure Page 

28 . Crab digestive gland. A. C. similis . Focal aggregation of leucocytes (LF) between digestive diverticula . 
136X . B. P. spinicarpus. Abnormally high number of circulating leucocytes (LG) . 136X . C. C. sapidus. 
Microbial symbionts (SF) in lumen of digestive diverticula (dd) . 340X. D. D. similis. Nematode (SN) be- 
tween digestive diverticula . Note the absnece of a host inflammatory response . 136X . . . . . . . . . . . . . . . . . . . . . . . . . . . . 452 

29 . Crab gut (A-C) and gonad (D) . A. C. sapidus. Abnormally high number of leucocytes in connective tissue 
surrounding gut. 340X. B. P. gi66esii. Focal aggregation of leucocytes (LF) in concentric arrangement. 
340X. C. P. gibbesii. Amoeba (AM) in lumen of gut. 340X. D. C. sirnilis. Focal aggregation of leucocytes 
(LF) between ovarian follicles. 136X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 454 

30 . Crab gonad (ABcB) and green gland (C-D). A. C. similis. Abnormally high number of circulating leuca 
cytes (arrows) . 340X . B. S. lobatys. Sporozoans (PZ) in lumen of gonadal tubules (gt) . 340X. C. C. sapi- 
dus. Focal aggregation of leucocytes (LF) in concentric arrangement. 340X . D. P. gi66esii. Trematode 
metacercaria (ST) . Note cyst wall (cw) . 136X .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 456 

31 . Crab gill . A. C. sapidus. Hyperplasia (HP) of a single lamella. 136X. B. P. gibbesii. Edema (EE) of a sin- 
gle lamella. Lamella is filled with hemolymph. 136X. C P. gibbesii. Focal concentration of leucocytes (LF) 
around a pyknotic core . 340X . D. C. similis. Necrotic lamellae and stem. Note imflammation. 136X ... . . . . . 458 

32 . Crab gill (A&B), heart (C) and hemcecel (D). A. C. similis. Heavy concentration of Lagemop6rys (PC). 
136X . B. C. sapidus. The nemertine C. carcinophila (RY) between lamellae . 86X. C. C. sapidus. Focal 
aggregation of leucocytes (LF) . Note granular debris (GD). 340X. D: S. lobatus. Abnormal growth (TA) . 
Note compressed connective tissue cells (cc) ; ovary (ov), digestive diverticula (dd) . 34X . . . . . . . . . . . . . . . . . . . . . . . . . 460 

33 . Shrimp musculature . A. P. aztecus. Liquefactive degeneration (DG). 340X . B. P. aztecus. Granular de- 
generation (DG). 340X . C. P. aztecus. Focal aggregations of hemocytes (arrows) . 340X. D. P. setiferus. 
Focal necrosis (FN) . 340X ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463 

34. Shrimp musculature (A&B) and digestive gland (C&D). A. P. aztecus. Accumulation of pigment (arrow) 
in perimuscular connective tissue . 340X . B. P. aztecus. High concentration of circulating hemocytes. 
340X. C. P. aztecus. Focal aggregation of hemocytes (LF) . 340X. D. P. aztecus. High concentration of 
circulating hemocytes especially eosinophilic granular hemocytes (arrow). 340X ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 465 

35 . Shrimp digestive gland. A. P. aztecus. Cyst (CE). 340X . B. P. aztecus. Trypanorhynchid cestode symbio- 
sis (SC) accompanied by inflammatory response (IF) . 136X . C. P. aztecus. Nematode symbiosis (SIB 
accompanied by an accumulation of pigment (arrow). 136X. D. P. aztecus. Degenerating helminth (SD) 
accompanied by inflammatory response (IF) . 136X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467 

36 . Shrimp digestive gland (A&B) and gut (CBcD) . A. P. aztecus. Microbial symbiosis (arrow) associated with 
focal degeneration (DG) . 340X. B. P. aztecus. Trematode symbiosis (ST) . 136X. C. P. aztecus. Focal 
aggregations of hemocytes (LF) in rectum. 340X. D. P. aztecus. High concentration of hemocytes, espe- 
cially eosinophilic granular hemocytes (arrow), in mesenteric muscularis . 340X .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 468 

37 . Shrimp gut. A. P. aztecus. Necrotic mass (FN) in rectum. 136X . B. P. aztecus. Gregarine trophozoite (SG) 
in lumen of stomach. 340X. C. P. aztecus. Amoeba (AM) in mesenteric lumen. 340X . D. T. similis. Leco- 
nicephalids (SC) attached to mesenteric mucosa. 340X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469 

38 Shrimp gut (A&B) and gonad (C&D). A. P. aztecus. Larval helminth (SH) in rectal gland. 136X . B. P. 
aztecus. Inflammatory response (IF) associated with gregarine gametocysts (SG) in rectum . 340X. C. T. 
similis . Focal aggregation of hemocytes (LF) in ovary, 340X. D. P. aztccus. High concentration of circu- 
lating hemocytes (arrow) in ovary. 340X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 470 

39. Shrimp gonad (ABcB) and excretory organ (CBcD) . A. T. similis. Focal necrosis (FN) in ovary. 340X. B. P. 
aztecus. Inflammatory response (IF) associated with a nematode symbioses (SIB. 136X . C. T. similis. 
Focal aggregation of hemocytes (LF) . 340X . D. T. simiGs. High concentration of hemocytes (arrow). 
340X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 472 

40 . Shrimp gill . A. P. aztecus. Focal aggregation of hemocytes (LF) associated with a ciliate (PC). 340X. B. P. 
aztecus. Pigment accumulation (PA) associated with a focal aggregation of hemocytes (LF) . 340X . C. P. 
aztecus. Focal necrosis. 136X . D. P. aztecus. Infestation of peritrichous ciliates (arrows) . 340X ... . . . . . . . . . . . 475 

41 . Shrimp heart. A. P. aztecus. Focal aggregate of hemocytes (arrow). 340X. B. P. setiferus. Cyst (CE) in 
pericardial connective tissue . 340X. C. P. aztecus. Focal necrosis (FN) . 136X . D. P. aztecus. Tubecle-like 
growths . 340X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 477 

42 . Map of study sites showing average numbers of conditions/fish specimen ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481 

vu 



LIST OF TABLES 

Table Page 

1. Vertebrate species collected .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399 
2. Characterization of vertebrate histopathology samples collected during Cruise I :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399 
3. Characterization of vertebrate histopathology samples collected during Curise II .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 
4. Vertebrate collection activity.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 
S. Characterization of invertebrate histopathology samples collected during Cruise I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 426 
6. Characterization of invertebrate histopathology samples collected during Curise II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 428 
7. Numbers of invertebrate organs collected during Cruise I which were examined for histopathologies .. . . . . . . 429 
8. Numbers of invertebrate organs collected during Cruise II which were examined for histopathologies .. . . . . . 430 
9. Distribution of histopathologies of bivalve molluscs among sampling sites .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 431 
10. Distribution of histopathologies of bivalve molluscs among combined control, primary and secondary 

sampling sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 431 
It . Ranking of sampling sites by mean number of histopathologies per bivalve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 432 
12. Distribution of histopathologies of bivalve musculature among sampling sites. Each site represents five 

muscle samples unless otherwise noted ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 434 
13 . Distribution of histopathologies of bivalve musculature among sampling sites. Each site represents five 

muscle samples unless otherwise noted ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435 
14 . Distribution of histopathologies of bivalve gut among sampling sites . Each site represents five gut samples 

unless otherwise noted... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 439 
15 . Distribution of histopathologies of bivalve gonad among sampling sites. Each site represents five gonad 

samples unless otherwise noted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 440 
16 . Distribution of histopathologies of bivalve kidney among sampling sites . Each site represents five kidney 

samples unless otherwise noted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 443 
17 . Distribution of pathologies of bivalve gill among sampling sites. Each site represents five gill samples un- 

less otherwise noted ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 444 
18 . Distribution of histopathologies of crabs among sampling sites .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 447 
19 . Distribution of histopathologies of crabs among combined control, primary and secondary sampling sites . 447 
20 . Ranking of sampling sites by mean number of histopathologies per crab . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 448 
21 . Distribution of pathologies of crab musculature among sampling sites. Each site represents five samples 

unless otherwise noted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 448 
22 . Distribution of pathologies of crab digestive gland among sampling sites . Each site represents five samples 

unless otherwise noted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 451 
23 . Distribution of pathologies of crab hindgut among sampling sites. Each site represents five samples unless 

otherwise noted ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453 
24 . Distribution of pathologies of crab gonad among sampling sites . Each site represents five samples unless 

otherwise noted ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455 
25 . Distribution of pathologies of crab green gland among sampling sites. Each site represents five samples 

unless otherwise noted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457 
26 . Distribution of pathologies of crab gills among sampling sites. Each site represents five samples unless 

otherwise noted ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457 
27 . Distribution of histopathologies of P. aztxus among sampling sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 461 
28 . Distribution of histopathologies of T. similis among sampling sites .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 461 
29 . Distribution of histopathologies of P. setiferusamong sampling sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 461 
30. Ranking of sampling sites by mean number of histopathologies per shrimp... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462 
31 . Distribution of histopathologies of shrimp musculature among sampling sites. Each site represents S mus- 

cle samples unless otherwise noted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462 
32. Distribution of histopathologies of shrimp digestive glands among sampling sites. Each site represents S 

digestive gland samples unless otherwise noted ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464 
33 . Distribution of histopathologies of shrimp gut samples among sampling sites. Each site represents S gut 

samples unless otherwise noted. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 471 
34. Distribution of histopathologies of shrimp gonads among sampling sites. Each site represents S gonad 

samples unless otherwise noted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 473 
35 . Distribution of histopathologies of shrimp excretory samples among sampling sites. Each site represents 5 

excretory samples unless otherwise noted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 473 
36 . Distribution of histopathologies of shrimp gills among sampling sites. Each site represents S gill samples 

unless otherwise noted... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 474 
37 . Distribution of histopathologies of shrimp hearts among sampling sites. Each site represents S cardiac 

samples unless otherwise noted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 476 
38 . Ranking of collecting sites, based on the species and their average number of conditions per fish specimen . 479 
39 . Correlation of sites based on -histopathologies in species and levels of indicated platform-related 

hydrocarbon effects.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 480 

ix 



LIST OF TABLES (cont'd) 

Table Page 

40. Number of conditions for each organ of all fish at each site .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., . . . . . . . . . ., . . . 482 
41 . Site comparisons of condition frequencies in fish organs ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., . 483 
42. Ranking of the species based on average number of conditions/fish specimen at sites indicated .. . . . . . . . . . . . . . 484 
43 . Ranking of the species based on the average number of conditions for each fish per species .. . . . . . . . . . . . . . . . . . . 485 



ABSTRACT 

This work was part of a multidisciplinary project which also included studies of hydrography, hydrocarbons, sedi-
mentology, trace metals, microbiology, benthic biology, and biofouHng. At least six tissues (muscle, liver, stomach, 
gonad, excretory/kidney, gill) were examined for histopathological conditions in three species of benthic invertebrates, 
one species each of bivalves, shrimps, and crabs, and two species of demersal or platform-associated pelagic fishes 
from each site . Specimens were collected from 20 production platforms and four control sites in the north-central Gulf 
of Mexico . The objectives were to describe pathological conditions and to ascertain any correlation with the proximity 
of specimens to production platforms. 

Among invertebrates, the most commonly observed histopathological conditions were protozoan and metazoan 
symbioses. Other common lesions included inflammation, focal and general leukocytoses, degeneration, necroses, and 
pigment accumulation . Much variation occurred in the invertebrate species which were available because of depleted 
bottom populations. At 10 of the 24 sites, including three of the four control sites, either no benthic organisms were 
present or those that were collected were severely stressed by the low oxygen conditions . Low oxygen conditions were 
apparently related to the influence of the Mississippi River. Because of the overriding effect of the "dead bottom," 
valid conelations of the invertebrate pathology with production platforms could not be made. 

The following conditions were observed in all six vertebrate tissues : protozoa, helminths, and acidophilic granular 
cells. Less frequent observations included hyperplasia of the gill filaments, vasocongestion (gill), edema (gill), leukocy-
tosis (liver, gill), fatty infiltration (liver), and chromatophores (liver, kidney, stomach) . Much variation occurred be-
tween sites in the vertebrate species which were available because of differences in species associated with platforms 
and those associated with the control areas which did not have a platform . However, a correlation is shown by a com-
parison of study sites with the total number of histopathotogical conditions found in the fish from the sites . 

Three platform sites strongly implicated as contaminated by hydrocarbons and/or trace metals occurred among 
the top six in total number of histopathological conditions . All eight of the platform sites which ranked high in histo-
pathological conditions were located in the eastern part of the study area and had spadefish as one of the species sam-
pled . Two of these eight platform sites ranked low in effects of hydrocarbons and were "probably not" affected by 
trace metals . 

The four control sites occurred among the bottom seven in number of histopathological conditions. All four 
ranked medium in effects of hydrocarbons and were "possibly" affected by trace metals . Three were located in the 
eastern and one in the western part of the study area . Spadefish were not among the species sampled. 

Two platform sites which occurred among the bottom four in number of histopathological conditions ranked high 
in effects of hydrocarbons. One, "probably" affected by trace metals, was located in the eastern part of the study area 
and one, "possibly" affected by trace metals, was located in the western part of the study area . All the sites in the 
western part of the study area ranked either medium or low in number of conditions . 

This suggests that the platforms in the eastern part of the study area which consistently show contamination, 
whether from production or other sources, are those locations where stress is greatest on fish. Conversely, the suppos-
edly least stressed sites show the fewest histopathological conditions . 
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I. INTRODUCTION 

This is one of a series of studies sponsored by the 
Bureau of Land Management (BLM), Department of 
the Interior, to describe the offshore environments 
which might be detrimentally affected by exploration 
and production . The BLM is given, by law, the respon-
sibility of regulating leasing of tracts on the United 
States Outer Continental Shelf (OCS) . Further need to 
better understand the effects of long-term production 
leading to chronic, cumulative contamination predi-
cated study of the most heavily-developed offshore area 
in the world . This comprehensive assessment of physi-
cal, chemical, and biological features of the Louisiana 
OCS has attempted to show any effects from drilling 
fluids used in development of the area and from long-
term cumulative petroleum discharges from platforms . 

The overall objectives of this ecological investigation 
are : 

" determination of the distribution and con-
centration of petroleum hydrocarbons, 
selected trace metals, and well-drilling re-
lated substances in surf icial sediments and 
tissues of commercially and/or ecologi-
cally important benthic and demersal 
species ; 

" examination of the microbial hydrocar-
bon degradation and nutrient cycling pro-
cesses and related nutrient chemistry in 
surficial sediments ; 

" comparison of benthic communities, with 
emphasis on selected "indicators," in the 
immediate vicinity of platforms with 
those at control sites ; 

" examination of the distribution with 
depth in sediments of petroleum hydro-
carbons, selected trace metals, and well-
drilling related substances (i .e ., to provide 
some measure of persistence) ; 

" investigation of the biofouling communi-
ties and "artificial reef" effect associated 
with selected platforms representing a va-
riety of production types and durations . 

The results of this program and in depth discussions 
are given in Volume I, Pollutant Fate and Effects 
Studies, and Volume II, Artificial Reef Studies . 

The objectives of this work unit were to collect and 
prepare histologic samples of tissues from invertebrates 
and vertebrates, to describe any pathologic conditions 
observed in these tissues, and to ascertain any corre-
lation between incidence of histologic abnormalities 
in the organisms and the proximity of organisms to 
production platforms . All specimens were collected 
on the Louisiana Outer Continental Shelf, near produc-
ing oil and gas platforms and in appropriate control 
areas . The methods of procedure were in accordance 
with the outline of work requested by the Bureau of Land 
Management. 

With the proposed leasing of the outer continental 
shelf areas for oil and gas exploration, questions arise 
concerning the effect of exploration and production of 
oil and gas on the shelf fauna. Little previous research 

has been conducted to help predict the effects on the 
benthic organisms and communities of the shelf . Two 
baseline studies, one on the South Texas OCS and the 
other on the Eastern Gulf, were recently completed . 
One study off the Louisiana Coast, conducted by seve-
ral scientists and coordinated by Gulf Universities 
Research Consortium (GURC), gave varied results . 
Waller (1974) found his control stations more produc-
tive than his oil platform stations, with invertebrates 
presenting a "rather bleak picture" around the offshore 
production platform . Others, however, could find no 
deleterious effects on benthic fauna at production plat-
forms when compared to control stations (Farrell, 
1974a, b ; Fish et al ., 1974 ; Kritzler, 1974) . 

Other field studies have been conducted on the 
effects of oil on marine organisms, most dealing with 
acute catastrophic spills of oil into intertidal areas . 
Results indicate that although many organisms in 
affected areas may (lie, the areas generally completely 
recover in one to 'three years (Nelson-Smith, 1970; 
Straughan, 1971 ; Chan, 1975) . The effects appear to be 
more long term, however, if the oil incorporates into 
sediments and slowly leaches out over an extended 
period of time (Michael, Van Raalte, and Brown, 1975) . 
Studies conducted in Texas bays at oil separator plat-
forms, which continuously release low levels of oil into 
the water, have demonstrated a pronounced zone of 
effect on habitation in the immediate vicinity (up to 
150 m) of the separators (Mackin, 1971 ; Armstrong et 
al ., 1979) . Because these separators were located in very 
shallow (3 m maximum depth), turbid estuaries, the 
results of the studies cannot be applied to the deeper, 
clearer outer continental shelf areas . Some of the plat-
forms located in shallow waters off Louisiana may be 
exceptions, provided the methods of discharge and 
other physical factors are similar . 

The specific tasks of the work were : (1) to collect and 
prepare histologic samples from six tissues of five 
marine organisms (2 fish, 3 invertebrates) from each of 
24 sites, (2) to examine, record, and photographically 
document the attributes of the prepared tissues (both 
normal and pathologic), and (3) to ascertain whether 
either the presence or the rate of incidence of pathologic 
conditions could be correlated with the proximity of the 
organisms to petroleum production platforms . 

Muscle, liver, gut, gonad (when sufficiently devel-
oped), excretory tissue, and gill were collected for histo-
pathologic analyses . These organs are considered sensi-
tive indicators and were selected for the following 
reasons : 

(I) Muscle tissue, besides being consumed by 
man, is a site of parasitism . 

(2) The liver is a detoxifying organ . 
(3) The gut is the first site of the digestive 

tract where sensitive absorptive cells are 
found . These cells are fairly sensitive to 
toxicants brought into the intestinal tract 
by means of the ingesta . 

(4) The gonads are known to be sensitive to 
physiologic disturbances and serve as an 
early warning system . 
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(S) Kidney tubules (excretory tissue) are sen-
sitive to certain stresses . The kidney has a 
relatively high incidence of parasitism in 
marine fish and the hemopoietic tissue is 
sensitive to stress . 

(6) The sensitive epithelial surface of the gill 
is in contact with the aquatic environment 
and thus is exposed early to potential 
contaminants . 

394 



II . STUDY AREA AND SAMPLING DESIGN 

A. The Study Area 
The 20 platforms and four control sites located on 

the Louisiana OCS visited during this program are con-
tained in a roughly rectangular area lying west of the 
Mississippi Delta and extending from 5 km (3 miles) to 
120 km (75 miles) offshore and about 320 km (200 
miles) west (Appendix A) . Within this region platform 
depths range from 6-75 m and waters at the surface span 
the spectrum from low salinity, highly productive, estu-
arine in character to extremely clear and oceanic . Cur-
rents are extremely variable as a result of the complex 
combination of winds, river outflow, and deep oceanic 
intrusion from the south . 

Part of the study area was influenced by Mississippi 
River outflow . The result of the river outflow was a 
smothering of the bottom from loss of oxygen in the 
deep layers and a subsequent emigration or death of the 
bottom fauna . 

B . Sampling Design 
Three cruises were made to include three climatic 

seasons : Cruise I, May 20-June 2, 1978 ; Cruise II, 
August 21-September 6, 1978 ; Cruise III, January 4-16, 
1979 . This work unit collected vertebrate and inverte-
brate samples on Cruise I and Cruise II only . 

Four platforms (P1-4) were selected as primary sam-
pling locations . They were complemented by four con-
trol sites (C21-24) selected to be as far away from pro-
duction as practicable yet with similar environment, and 
by sixteen secondary platforms (SS-20) (Appendix A) . 
All sites were designated by the Bureau of Land Man-
agement . It is well known that platforms cause effects in 
the immediate vicinity of the structure ; therefore, this 
program was designed to sample at some distances from 
platforms in order to show any long-term buildup of 
contaminants in the sediments and whether these had 
found their way into the food web . 

Samples for this work unit were collected at each 
primary and secondary platform site and at each con-
trol site as designated by BLM. The species studied in-
cluded two species of demersal or platform-associated 
pelagic fishes and three species of benthic invertebrates 
from each site . A sample is defined as a lot of five (5) 

individuals of the same species . The minimal sampling 
effort was 120 samples (4 primary platform sites X S 
samples per site X 1 spring season + 16 secondary plat-
form sites X 5 samples per site X 1 summer season + 4 
control sites x 5 samples per site x 1 spring season) or 
600 specimens (4 primary platform sites X 5 species X S 
specimens per species x 1 spring season + 16 secondary 
platform sites x S species x S specimens per species X 1 
summer season + 4 control sites x 5 species x 5 speci-
mens per species X 1 spring season) . 

Samples for histopathological analyses of fish were 
taken from each of the sites, yielding a minimum of 240 
specimens (24 sites x 2 species X 5 individuals) . Each 
specimen was dissected in order to recover six organs for 
fixation. The subsequent histological workup produced 
a minimum of 1440 total tissue samples (2A0 specimens 
X 6 organs) . 

Samples for histopathological analyses of inver-
tebrates were taken from each of the sites, yielding a 
minimum of 360 specimens (24 sites x 3 species x S indi-
viduals) . Each specimen was dissected jn order to ac-
quire a minimum of ?160 total tissue samples (360 speci-
mens X 6 organs) . 

Ideally to make a comparison between control and 
platform sites, the samples collected at both types of 
sites would be of the same species, collected at the same 
time of year, of equivalent age, sex and reproductive 
status and of non-transient resident habit . Unfortu-
nately, the study design did not permit all of these crite-
ria to be met . The variation in habitat between a site 
with a platform, which acts as an artificial reef, and a 
control site without a platform resulted in a variation of 
species available . Another physical problem encoun-
tered in the field was the low-oxygen condition found at 
the dead bottom areas . Dead bottom occurred at ten of 
the 24 sites, including three of the four control sites . 
Low-oxygen conditions were apparently related to the 
influence of the Mississippi River . A third major physi-
cal variable was the differences among the platform 
sites selected by the sponsor with regard to production 
practices, e.g ., oil or gas or both, amount of produced 
water, age, and whether flaring was above or below the 
surface of the water . 
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III . METHODS AND MATERIALS 

A. Vertebrates 

i . Field Sampling and On-Board Processing 
Vertebrate samples for this work unit were col-

lected by trawl at each control site and at approximately 
500 m north of each primary and secondary platform . 
When specimens could not be collected at the location 
north of the platform, alternate methods (hook and 
line, and spear) were employed at the actual platform . 
Vertebrate samples included two species, with five indi-
viduals of each species, of benthic or platform-associ-
ated fish from each site . Specimens were collected at 
four primary and four control sites during Cruise I, 
May 20-June 2, 1978 . Specimens were collected from 
the 16 secondary sites during Cruise II, August 21-
September 6, 1978 . 

Living organisms were placed in an aerated hold-
ing tank and organ sample processing began immedi-
ately aboard ship to prevent postmortem changes . The 
organs sampled from each specimen within each species 
were stomach, kidney, muscle, liver, gill, and gonad . 
Small fish from three species at two sites were fixed 
whole by incising the abdomen . Samples of each organ, 
approximately 5 mm in all directions, as well as any 
whole specimens, were placed in tissue capsules with 
identification information and the capsules placed in a 
fixative solution . All samples were fixed in both Helly's 
solution (Humason, 1979) and 10% phosphate buffered 
formalin . 

Some kidney samples had to be collected in situ 
by including a segment of vertebrae which lies dorsal to 
the kidney . Fish kidney tissue cannot readily be col-
lected since it disintegrates when touched with instru-
ments . In some cases, the kidney samples had to be de-
calcified after fixation and before dehydration . Fixed 
samples were transported to the histopathology labo-
ratories at Texas A&M University . 

2. Laboratory Analysis 
In the laboratory, organs from the small fish 

were dissected using a dissecting microscope . All organ 
samples were washed in running tap water, dehydrated 
in increasing concentrations of ethyl alcohol, cleared in 
xylene, and embedded in paraffin . Sections 4-6 jAm thick 
were cut from tissue fixed in Helly's solution and 
mounted on glass slides . Section size permitting, six sec-
tions of fixed tissues were mounted per slide . At least 
two slides were prepared for each organ . Slides were 
stained with Harris hematoxylin/eosin stain . Formalin-
fixed tissue was held in reserve for sectioning when the 
results from tissue fixed in Helly's solution needed to be 
reaffirmed . 

B. Invertebrates 

Field Sampling and On-board Processing 
The proposal called for the attempted collection 

of 360 invertebrate organisms . One hundred and twenty 
invertebrates (5 individuals of each of 3 species-includ-
ing a bivalve, crab, and shrimp-from 8 sites-4 
primary and 4 control) were to be collected during 

Cruise I, May 20-June 2, 1978 . Two hundred and forty 
invertebrates (5 individuals of each of 3 species from 16 
sites-secondaries) were to be collected during Cruise 
II, August 21-September 6, 1978 . 

As many as three collection methods were em-
ployed to acquire the invertebrates to be examined for 
histopathologies (trawls, grabs and divers) . The method 
of choice was trawling . A 9.2-m (30-ft.) otter trawl was 
towed from 15 to 45 minutes near platform stations 
N500 and at the control sites to collect organisms for ep-
ifaunal, trace metal � hydrocarbon, and histopathologi-
cal studies . Several tows were often necessary to acquire 
a full complement of crustacean and bivalve specimens . 
If sufficient numbers of bivalves were not obtained by 
trawling, they were sought from infaunal grab samples . 
A modified Smith-McIntyre grab was lowered at station 
N500 to acquire specimens for sediment, chemical, mi-
crobiological, meiolfaunal and histopathological stud-
ies . As many as 13 attempts were made to obtain the re-
quired samples . If both of the above methods failed to 
produce a full complement of molluscs, divers were de-
ployed to collect epifaunal bivalves directly from the 
platforms . 

Living organisms were removed from the collect-
ing equipment and placed in an aerated holding tank for 
immediate processing . Whenever possible, extra speci-
mens were collected to allow fixation of live specimens 
in case some mortalities occurred in the holding tank . 
Usually six individuals were fixed in case one of the five 
required proved to be unsuitable for analysis . Each 
specimen was measured, and appropriate information 
concerning its gross condition and maturity was re-
corded . The six required organs (muscle, digestive 
gland, gut, gonad, excretory tissue and gills) were dis-
sected if the organism was large enough . If the organism 
was too small to dissect properly, it was opened (crusta-
cean exoskeletons were punctured, clams were pegged) 
to allow rapid penetration of the fixative and fixed in 
toto. Dissected organs and prepared organisms were la-
beled and placed in tissue capsules or wrapped in cheese-
cloth . Small organs (e .g ., gut) were often wrapped in 
lens paper to prevent their loss through the perforations 
in tissue capsules . Bivalves from the primary platforms 
were collected by the Biofouling work unit divers and 
were fixed whole in 10% formalin by personnel from 
that work unit . 

Helly's solution was used as the primary fixative 
because it elicits superior cell definition . Dissected tis-
sues or whole organisms remained in Helly's for 24 
hours . The fixed tissues were then washed in five 
changes of seawater and two changes of freshwater and 
ultimately stored in 70% ethanol . Mercury-contami-
nated washes were stored in 5-gallon plastic carboys or 
55-gallon barrels and properly disposed of ashore . 
Whenever possible, five additional individuals of each 
type of invertebrate were fixed and stored (dissected or 
in toto) in Bouin's fixative or in buffered formalin (non-
mercuric secondary fixatives) . Specimens so fixed were 
to be used only to replace specimens fixed in Helly's in 
the event that they were rendered useless by failure to re-
move excesses of mercury and dichromate . The wash 
process outlined above was a critical step since 
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substantial concentrations of mercury retained in the 
tissues from Helly's renders tissue too brittle for sec-
tioning . Normally, tissues are washed in running water 
for 24 hours . Since this is impossible aboard ship, tis-
sues were placed in several changes of seawater instead . 
Tissues fixed in Bouin's and formalin were to be substi-
tuted for any tissues which did not respond to static 
washings . Other Bouin's and formalin-fixed tissues 
were held in reserve for sectioning if the results from 
Helly's fixed tissues needed to be reaffirmed . 

2. Laboratory Analyses 
Fixed specimens were transported to the histopa-

thology laboratories at Texas A&M University . There 
some of the specimens fixed in toto were dissected under 
a dissecting microscope . Other specimens were so small 
that they were embedded whole. Crabs too small for 
proper dissection were cut in half along a mid-sagittal 
plane and embedded whole . Shrimp excretory organs 
(antennal glands) were obtained by dissecting the cepha-
lothorax along a frontal plane at the mouth and then 
dissecting the residual anterior portion of the cephalo-
thorax along a mid-sagittal plane . The resulting halves 
were embedded whole . Small bivalves were cut into 
transverse sections . A similar method was employed for 

crab green glands . Specimens requiring decalcification 
were placed in a bone decalcifier with a formic acid/ 
sodium citrate solution (Putt, 1972). Solutions were 
changed at 24-hour intervals until the supernate failed 
to show a positive test for calcium ions . 

All tissues were dehydrated with ethanol and in-
filtrated and embedded in paraffin by a schedule similar 
to that presented in Humason (1979) . The initial steps of 
this series were executed in an automatic tissue pro-
cessor . A vacuum oven was utilized for final infiltra-
tion, and embedding was done by hand . Sections were 
cut at 6-S p and affixed to cleaned, labeled slides with 
Mayer's Albumen or gelatin (Humason, 1979) . Section 
size permitting, at least six sections of fixed tissues were 
mounted per slide and at least two slides (12 sections) 
were prepared for each organ . Sections with large sur-
face areas and those containing transections of crusta-
cean exoskeleton were dipped in a celloidin solution 
prior to staining to prevent tissue toss (Putt, 1972) . Sam-
ples fixed in Helly's were washed in iodine solution to 
remove residual mercury . Initial slides (12 sections) were 
stained with a standard Harris hematoxylin/eosin series 
(Humason, 1979) . Additional slides were stained with 
two alternative series, Alcian Blue PAS and Masson's 
Trichrome . 
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IV . RESULTS 

A. Vertebrates 
Vertebrate species collected are given in Table 1 . 

Vertebrate histopathology samples collected during 
Cruise I are described in Table 2 . In Table 3 is a descrip-
tion of the samples from Cruise II . Numbers of speci-
mens per species per site are given in Table 4 . 

TABLE 1 . Vertebrate species collected 

+ " A Atlantic croaker (Micropogon undulatus) 
+ " B Rock sea bass (Centropristis philadelphica) 
+' C Red snapper (Lutjanus campechanus) 

" D Sand seatrout (Cynoscion arenarius) 
" H Longspine porgy (Stenotomus caprinus) 

+' M Sea catfish (Arius fells) 
+ P Rough scad (Trachurus lathami) 

+ + Q Batfish (Halieutichthys aculeatus) 
+ S Pinfish (Lagodon rhomboides) 
+' T Mexican (fringe) flounder 

(Cyclopsetta chittendeni) 

+ * W Sheepshead (Archosargus pro6atocephalus) 
+' X Spadefish (Chaetodipterus faber) 

A-X Indicates species code used in report . 
+ Indicates species collected on spring cruise only . 
' Indicates species collected on summer cruise only . 

+ " Indicates species collected on both cruises . 

1. Muscle 

a . Normal Microscopic Features 
Muscle tissues were examined primarily in 

sections which were transverse to the longitudinal axis 
of the specimen, so that most of the fibers were viewed 
cross sectionally. On cross section, the fibers were irreg-
ularly shaped and the cross-sectional area varied some-
what even within the same muscle mass . On staining, 

the fiber was slightly basophilic and homogenous with 
multiple small, dense, darkly basophilic nuclei around 
the fiber perimeter . Mean cross sectional area of fibers 
in one muscle mass sometimes varied considerably from 
that in an adjacent but separate mass . Longitudinal fib-
ers were sometimes seen where adjacent muscle masses 
coursed in different directions. 

The arrangement of connective tissue in and 
around the muscle tissue appeared to be within three 
categories analogous to those used to classify mamma-
lian muscle . Surrounding an entire muscle mass was a 
relatively thick sheet of connective tissue (epimysium) . 
A considerably thinner sheet (perimysium) penetrated 
the body of the muscle, dividing the fibers into groups 
called fascicles . Finally, a very delicate sheet (endomy-
sium) surrounded each individual fiber . Connective tis-
sue was strongly ac;idophilic . Blood vessels traveled in 
the connective tissue, ending in capillaries at the fiber 
level . 

b. Histopathological Conditions 
Throughout the study only parasitic condi-

tions, both protozoa and helminths, were observed in 
muscle tissue . Protozoa predominated by far, appearing 
in clusters in two locations: (1) within muscle fibers ; (2) 
between muscle fibers . 

Protozoa within fibers were neatly contained 
as a somewhat cylindrical collection of round, basophi-
lically staining bodies (Fig . IA,B) . [Magnification notes 
(e .g ., 775X) in the .figure captions indicate the magnifi-
cation of the actual image on the printed page . This in-
cludes the magnifications of the microscope, camera 
and printing enlarger .] A definite capsule surrounding 
the group was not discernible . On the other hand, pro-
tozoa found between muscle fibers (Fig . IC) were con-
tained by a capsule two to three layers thick . Individual 
protozoa were, again, round and stained basophilic . 

Overall, the incidence of parasitism in mus-
cle tissue was low . Among the four control sites, 

TABLE 2. Characterization of vertebrate histopathology samples collected during Cruise I. 

Methods of Total Numbers of Sexual 
Site Species N " Acquisition Length (cm) M/F/H/U° Maturity+ 

P 1 A . probatocephalus 5 Spear 23 .0-27 .4 3/2/0/0 U 
C. faber 5 4 Spear, 1 Trawl 24.0-33 .6 1/4/0/0 U 

P 2 M. undulatus 5 Trawl 13 .1-14.5 0/1/0/4 U 
A. fells 5 Trawl 21 .2-29.0 0/5/0/0 U 

P 3 L . campechanus 5 Hook 8.4-24 .4 3/1/0/1 U 
L. rhomboides 4 Trawl 19.3-26 .0 3/1/0/0 U 

P 4 L . rhomboides 5 Trawl 23 .0-29 .'1 2/2/0/1 U 
C. chittendeni 5 Trawl 8.6-11 .1 1/3/0/1 U 

C21 A. fells 5 Trawl 20.0-27 .2 0/0/0/5 U 
C22 T.lathami 3 Trawl 6.8-9 .0 0/0/0/3 U 

H. aculeatus 5 Trawl 4.1-5 .0 1/2/0/2 U 
C23 L. rhom6oides 5 Trawl 4.5-5 .0 0/1/0/4 U 

"N = number of individual organisms examined 
+ M = mature, I = immature, U = unknown 
AM - males, F = females, H = hermaphrodites . 
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TABLE 3 . Characterization of vertebrate histopathology samples collected during Cruise II . 

Methods of Total Number of Sexual 
Site Species N* Acmusitinn i .enoth leml M/F/K /I TO Mnr,-r. i 
S S M. undulatus S Trawl 16.0-20.0 2/3/0/0 I,M,U 

A. fells S Trawl 24.0-33 .0 1/4/0/0 I'M 
S 6 C.faber S Spear 30.0-34.0 1/4/0/0 M 

M. undulates 5 Trawl 18.0-23 .0 2/3/0/0 I'M 
S7 C. philadelphica 5 Trawl 18.0-23 .0 1/4/0/0 I 

C. chittendeni 5 Trawl 21 .0-22.0 4/1/0/0 M,U 
S 8 M. undulates 5 Trawl 18.0-20.0 3/2/0/0 I'M 

C. faber S Spear 26.0-35 .0 2/3/0/0 M,U 
S 9 M. undulates S Hook 22.0-26.0 1/4/0/0 I'M 

C. philadelphica S Trawl 19.0-25 .0 2/3/0/0 U 
S10 A .probatocephalus 3 Spear 24.0-28.0 0/3/0/0 M,U 

C.faber 5 Spear 26.0-30.0 2/3/0/0 M 
S11 A.probatocephalus 5 Spear 26.0-31 .0 2/3/0/0 I,M,U 

C.faber S Spear 25.0-33 .0 2/3/0/0 M 
S12 A.pro6atocephalus S Spear 25.0-30.0 4/1/0/0 I'M 

C.faber 5 Spear 26.0-37 .0 4/0/0/0 M 
S13 M. undulates 5 Trawl 17.0-21 .0 2/3/0/0 M,I 

C. faber 5 Trawl 32.0-34.0 1/4/0/0 M 
S14 C.fa6er 5 Spear 25.0-38.0 5/0/0/0 M 

C. chittendeni 5 Trawl 10.0-12.0 4/1/0/0 I 
SIS C. philadelphica 5 Trawl 20.0-26.0 2/3/0/0 M,I 

S. caprinus 5 Trawl 13.0-16.0 4/0/0/1 U 
S16 S. caprinus 5 Trawl 8.0-9 .0 0/2/0/3 I 

C. chitcendeni S Trawl 21 .0-24.0 2/3/0/0 M,U 
S17 C. philadelphica S Trawl 15 .0-23.0 3/1/0/1 U 

S. caprinus 5 Trawl 14.0-16.0 4/0/0/1 U 
S18 L. campechanus 5 Spear 20.0-25.0 2/3/0/0 I,U 

C.faber 5 Spear 27 .0-38.0 2/3/0/0 M 
S19 C.faber 5 Spear 9.0-10.0 1/4/0/0 I 

A. fells 5 Trawl 29 .0-30.0 0/5/0/0 M 
S20 A.probatocephalus S Spear 28 .0.38.0 3/2/0/0 U 

C.faber 5 Spear 30.0-37.0 0/5/0/0 M 
C21 M. undulates 5 Trawl 18.0-20.0 3/2/0/0 U 
C23 S. caprinus 5 Trawl 7.0-8 .0 0/4/0/1 U 
C24 C.arenarius 5 Trawl 21 .0-22.0 1/4/0/0 U 

A. fells 5 Trawl 25.0-30.0 5/0/0/0 U 

"N 'number of individual organisms examined 
+ M - mature, I = immature, U - unknown 
0M = males, F = females, H = hermaphrodites . 

TABLE 4. Vertebrate collection activity 
Primary Secondary Control Sites 

Species Total Sites PI-P4 Sites SS-S20 C21-C24 
Spadefish 55 5 50 -- 
Atlantic croaker 35 5 25 5 
Sea catfish 25 5 10 10 
Rock sea bass 20 -- 20 -- 
Longspine porgy 20 -- 15 5 
Sheepshead 23 5 18 -- 
Mexican flounder 20 5 15 -- 
Red snapper 10 5 5 -- 
Sand seatrout 5 -- -- 5 
Pinfish 14 9 -- 5 
Batfish 5 -- -- S 
Rough scad 3 -- -- 3 

TOTALS 235 39 158 38 
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Fig. 1 . Muscle . A. A . fells . Protozoa clusters (PE) within cross sectioned muscle fiber. 340X. B. A . fells. Pro-
tozoa cluster (PE) within longitudinally sectioned muscle fiber . 340X. C. S. caprinus . Protozoa cluster (PE) 
between muscle fibers . Note capsule (arrow). 340X. D. A . fells. Helminth between muscle fibers . 336X. 
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encapsulated protozoa were found at Sites C21 and 
C24 . The sea catfish was the affected species at both of 
these locations . Of the 38 tissues examined at the con-
trol sites, parasitism was found in seven (3 at Site C21 ; 4 
at Site C24) for an incidence of 18% . 

Protozoa encapsulation occurred at three of 
the four primary sites (P1, P2, P3) . Affected specimens 
were two sheepshead at Site P1, four sea catfish and one 
Atlantic croaker at Site P2, and one red snapper at Site 
P3 . Of the 36 tissues examined from the primary sites, 
eight contained these encapsulations (2 at Site P1, 5 at 
Site P2, 1 at Site P3) for an incidence of 22% . 

Encapsulated protozoa were found at six of 
the secondary Sites (S5, 511, S15, 518, S19, S20) . 
Affected specimens were one Atlantic croaker and one 
sea catfish at Site S5, one red snapper at Site S18, and 
four sea catfish at Site S20 . Of the 158 tissues examined, 
11 had encapsulated protozoa, for an incidence of 7% . 

Noteworthy was the predominance of encap-
sulated protozoa in the sea catfish ; of the 10 specimens 
examined among the control sites, seven (70%) con-
tained this lesion . At the primary sites, all four (100%) 
sea catfish tissues were positive . Among the secondary 
sites, five (50%) of the 10 sea catfish had protozoa . 

Helminths (Fig . 1D) were found in one speci-
men of sea catfish at Site P2, one specimen of spadefish 
at Site S11, and one specimen of rock sea bass at Site 
S15 . 

2. Liver 
Random samples of 5 jum sections of hepatic tis-

sue were examined microscopically . The total of 235 
liver specimens studied represented five individuals of 
two fish species each from 24 collecting sites in the Gulf 
of Mexico . Hepatic tissues were evaluated for symbiotic 
and nonsymbiotic conditions, which were then graded 
in terms of incidence . 

a . Normal Microscopic Features 
Liver tissue had an ill-defined lobular ar-

rangement of anastomosing double cell lamina or mura-
lia (Fig . 2A) . Central veins were randomly situated in 
the parenchyma, and portal triads often lacked hepatic 
arteries . Sinusoids were frequently collapsed or en-
gorged with blood, depending on the method used to 
sacrifice the fish . Kupffer cells lining the sinusoids were 
difficult to identify . The biliary system of ducts had 
cuboidal to columnar epithelium, surrounded by a basal 
lamina and supporting connective tissue . In many 
fishes, various quantities of hepatopancreatic tissue sur-
rounded portal vessels but not the central or hepatic 
veins (Fig . 2A) . Hepatopancreas was found in all species 
but not in all specimens . The cytoplasm of hepatic par-
enchymal cells varied in degree of vacuolation, granu-
larity, and staining intensity among fishes . 

6. Histopathological Conditions 
Nonsymbiotic conditions identified in liver 

specimens were leukocytic infiltration, acidophilic gran-
ular cells, chromatophore pigmentation, pericholangial 
fibrosis, degeneration, and lipid accumulation . Symbi-
otic conditions were protozoa, helminths, cysts and 
granulomas . 

Most liver specimens had an isolated or 
patchy mono-nuclear leukocytic infiltration (Fig . 2B) . 
Individual blood vessels, hepatopancreas, cysts, bile 

ducts, or muralia of hepatic parenchyma were involved . 
Sheepshead liver had the highest incidence of connective 
tissue white cell densities . 

Acidophilic granular cells (Fig . 2C) were pro-
fuse in the hepatic stroma of many fishes and absent in 
others . These large cells assumed various shapes and 
contained granules of numerous sizes, densely packed 
into the cell cytoplasm . In various specimens, these cells 
were adjacent to blood vessels, cysts, bile ducts, and he-
patopancreas, as well as beneath the serosa. Occasion-
ally they stained basophilic . Acidophilic granular cell in-
cidence was high in all sheepshead and most Atlantic 
croaker . These cells were notably absent in all Mexican 
flounder and sand seatrout and in 19 of 20 sea catfish . 
They occurred frequently with cysts, helminths, blood 
vessels, chromatophores, hepatopancreas, and bile 
ducts . 

Various pigmentations (Fig . 2B, D) were 
found in fish livers and were categorized as chromato-
phores . The colors ranged from yellow to gold, tan to 
brown, and black . Chromatophore clumping usually 
occurred adjacent to or within hepatopancreatic tissue 
but small clumps were also seen adjacent to bile ducts 
and blood vessels . Chromatophore clusters varied in 
size from several cells to large irregular masses sepa-
rated from adjacent tissues by a thin, almost inconspic-
uous, membrane . Within chromatophore cells, a granu-
lar material predominated, although black melanin 
granules were occasionally present . All sea catfish and 
sheepshead and most spadefish livers contained a vary-
ing incidence of chromatophores . Pigmentation was 
sometimes so dense that it was difficult to identify the 
hepatopancreas . Chromatophore pigmentation was ab-
sent in all rough scad and batfish and in all but one 
Mexican flounder . 

Pericholangial fibrosis (Fig . 3A,B) consisted 
of a thickening of the biliary duct connective tissue lay-
ers with generalized to heavy leukocytic infiltration in 
some cases . Not all bile ducts were affected throughout 
the liver specimen ; rather, a spotty or focal fibrosis was 
generally seen . The most severe cases were seen in 
spadefish, while a few livers of other fishes had a vary-
ing incidence of pericholangial fibrosis in the small to 
medium sized ducts . 

Spotty or focal liver degeneration was seen in 
44% of the fish (Fig . 3C) . This was evidenced by focal 
sites of a light pale zone surrounded by normal liver par-
enchyma not attributed to fixation artifact, postmortem 
change, or irregular affinity of the stain . The degenera-
tive sites were rather small . Several spadefish had a 
higher incidence of this condition than other fishes . 

Extracellular lipid accumulation (Fig . 3D) 
pervaded 48 of the 49 livers of spadefish, excluding 
those from Site S19 . Spadefish collected at Site S19 were 
comparatively small (9-10 cm), while fatty-livered 
spadefish collected at other sites were larger (20-38 cm) . 
There was a large accumulation of fat in the livers of 
these larger fish, fat which appeared to occupy from 
40-70% of the liver volume . Fat lobules were present 
around blood vessels and bile ducts and beneath the se-
rosa . Even hepatopancreatic tissue was partially encased 
by fat in many cases . All red snapper, sand seatrout, 
rock sea bass, Mexican flounder, and batfish were free 
of fatty tissue . Other fishes had little or no fat in their 
livers . 

402 



_{ 4 r 

" 

. . iS ~ 
. 

Fig. 2. Liver. A. A. probatocephalus. Relative quantity of hepatopancreatic tissue (h) compared to liver par-
enchyma (1) and a residing pigmentary encapsulation (HC) . 34X B. A. fells. An encysted degenerated hel-
minth (SH) surrounded by chromatophores (HC) and mono-nuclear lueukocytes (LL) . 85X. C. A. probato-
cephalus . Acidophilic granular cells (AC) form a dense aggregation around a small bile duce (b). 755X. D. A. 
probatocephalus. An enlargement of the pigmentary encapsulation in A with its black melanin granules (m) 
and capsule (c) situated adjacent to hepatopancreas (h). 472X . 
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Fig. 3. Liver. A S. caprinus. Pericholangial fibrosis (BF) in a large bile duct . 472X. B. C. philadetphica. A 
bile duct with moderate pericholangial fibrosis (BF) and rodlet cells (protozoa) (r) in the epithelium . 472X . C. 
M. undulatus. Focal hepatocellular fatty metamorphosis (DG) . 136X . D. C. faber. Dense fatty tissue deposi-
tion (LP) around the liver surface (1) and hepatopancreas (h). 85X. 
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Protozoa were infrequently found in hepatic 
tissue . These symbionts were located in nests within 
chromatophore clusters (Fig . 4A), hepatopancreas 
(Fig . 4B), and/or hepatic tissue . Rodlet cells (or proto-
zoans) (Fig . 3B) were occasionally present in the biliary 
epithelium . 

Various types of cysts and granulomas were 
infrequent in liver specimens . Some cysts were classed as 
degenerated helminths (Fig . 2B) based on fragmentary 
remains . Granulomas (Fig . 4C) contained dense, thick 
walls of fibrous connective tissue, with mononuclear 
leukocytes adjacent to the capsule in some cases . This 
condition was random throughout the fishes studied 
and did not have a significant frequency of occurrence 
in a particular species of fish or at a particular collecting 
site . 

Helminths were rarely seen and occurred in 
only 13 of the 235 fish . These symbionts were located in 
liver parenchyma, peribiliary space, or subserosal layer 
(Fig . 4D) . One liver in each of the five Atlantic croaker 
and longspine porgy had a severe infestation of hel-
minths with some associated leukocytic infiltration . 

Fish from Sites S12, S20, 511, and P1, where 
sheepshead and spadefish were exclusively collected, 
had the highest average number of conditions per liver 
of the 12 species studied . The lowest average number of 
conditions per liver occurred at Sites C23, S7, 516, and 
C22, where pinfish, longspine porgy, rock sea bass, 
Mexican flounder, rough scad, and batfish were col-
lected . Symbiosis was most frequent at Site S12 and 
absent at Site C21 . 

The average number of conditions per liver 
in the various species, in decreasing order of frequency, 
were: sheepshead 5.2 ; spadefish 4.5 ; pinfish 3 .3 ; sea 
catfish 3.0 ; longspine porgy 2.8 ; sand seatrout 2.8 ; red 
snapper 2.7 ; Atlantic croaker 2.6 ; rock sea bass 2.4 ; 
rough scad 2.0 ; Mexican flounder 0.6 ; batfish 0.6 . 

Fish collected from control Sites C21-C24 
had an average of 1 .5 conditions in 38 livers ; those from 
primary Sites P1-P4 had an average of 3.4 conditions in 
39 livers; and those from secondary sites SS-S20 had an 
average of 3 .4 conditions in 158 livers . Fish from 
around the oil-producing wells at Sites P1, P2, and P3 
had an average of 3 .6 conditions per liver, while fish 
from around the gas well at Site P4 had an average of 
2.8 conditions per liver . 

3. Gut 
Tissue from 235 fish stomachs or regions of ante-

rior intestine was examined histologically . These speci-
mens represented 12 species of fish collected from 24 
sites in the Gulf of Mexico . 

a. Normal Microscopic Features 
The wall of the stomach or anterior intestine 

consisted of mucosa, submucosa, muscularis, and 
serosa . Fish stomachs filled with organic material had a 
less folded and undulating mucosa than did empty 
stomachs . The mucosa consisted of tall columnar epi-
thelium lining the gastric pits . The gastric glands, con-
tinuous with the epithelium at the gastric pits, were vari-
able in thickness depending on the species of fish and 
the region sampled . The tunica propria was a delicate 
connective tissue stroma providing support for the 
epithelium and glands . No muscularis mucosa was 

apparent . The underlying submucosa consisted of loose 
connective tissue between the gastric glands and the 
muscularis layer . 

Submucosal projections extended into under-
lying folds of mucosa, thus altering the thickness of the 
submucosa at various regions . Nerves and numerous 
blood vessels, either filled with blood cells or nearly 
empty depending on the method of animal sacrifice, lay 
in the connective tissue stroma of the submucosa . The 
muscularis coat consisted of two separate muscle layers, 
an inner circular, and an outer longitudinal . Both layers 
had different thicknesses in different species . Layers of 
connective tissue enclosed various muscle fasciculi and 
also separated the two layers of muscle . External to the 
muscularis was a layer of flattened mesothelial cells, the 
serosa . It surrounded the entire stomach section except 
at the site of vessel and nerve entry where the mesentery 
attached . 

b . Histopathological Conditions 
The nonsymbiotic conditions identified in 

stomach sections of the 12 species of fish were leuko-
cytic infiltration, acidophilic granular cells, and chro-
matophore pigmentation . Symbiotic conditions were 
protozoa, helminths, cysts, and granulomas . 

Localized mononuclear leukocytic infiltra-
tion in stomach tissue was common in most fish, either 
in one of the stomach wall layers or in all layers, de-
pending on the degree of white cell response . The crite-
ria for scoring the intensity of the condition was based 
on the distribution and density of white cells . General-
ized leukocytic infiltrations of the entire stomach sec-
tion were less common and the submucosa was most fre-
quently affected (Fig . SA) . In some cases, the mucosa 
appeared eroded or reduced with a dense leukocytic 
infiltration (Fig . SB), while in other cases isolated areas 
of the muscularis were infiltrated with leukocytes . Leu-
kocytic infiltrations frequently, but not always, sur-
rounded cysts (Fig . SC), granulomas, and parasites . 
Most spadefish had a high incidence of this condition, 
while it was not seen in Mexican flounder, sand sea 
trout, batfish, and rough scad . 

Acidophilic granular cells were defined as 
connective tissue cells that contained cytoplasmic pink 
to bright red granules of various sizes . (The eosin in 
Harris hematoxylin rosin stain turns these granules pink 
to bright red .) These cells had various shapes depending 
on their location in the gastric wall . They occurred in all 
layers of the stomach or anterior intestinal wall, in the 
epithelial layer of the mucosa (Fig . SD) and even occa-
sionally in the gastric lumen of a couple of specimens . 
Acidophilic granular cells were found in association 
with blood vessels, cysts, granulomas, and parasites in 
some cases but were not associated with symbionts in 
others . These cells were found in zones of normal tissue 
distant from other types of stomach conditions . Acido-
philic granular cells were not seen in any red snapper, 
rough scad, batfish, or sand seatrout, nor were they 
found in 14 of the 1 .5 sea catfish and Mexican flounder . 
Most spadefish, pinfish, longspine porgy and Atlantic 
croaker had large members of these cells, while several 
other fish showed a few to moderate numbers of acido-
philic granular cells . 

Chromatophores were infrequently found in 
the submucosa and were defined as small, inconspic-
uous clusters of pigment primarily located nearer to the 
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Fig. 4. Liver. A. S. caprinus. A melanotic myxosporidium cyst (PZ) containing a few black maelanin granules 
(m) adjacent to hepatopancreas (h). 755X . B. C. faber. A microsporidium cyst (PZ) within a ribbon of hepa-
topancreas (h). 136X . C. M. undulatus. An early stage of a degenerated protozoan granulomatous cyst (PZ) 
with a thick wall (g) surrounded by acidophilic granular cells (AC) . The cyst is extrahepatic and indents the 
hepatic surface. 136X . D. S. caprinus. An encapsulated nematode (SH) situated within the liver capsule and 
impinging on hepatic space. 136X . 
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Fig. S. Gut. A. L. campechanus. Mononuclear leukoctyic (LL) response to remnant of a helminthic symbiont 
(SIB in the submucosa (s) and muscolaris externa (m). 47X. B. C. fa6er. Host response (LL) in the mucosa 
(M) and submucosa (S) with partial destruction . 188X . C. C. faber. A degenerated helminthic granulomatous 
cyst (g) with a localizing submucosal response (LL) containing a few acidophilic granular cells. 47X. D. S. 
caprinus. Acidophilic granular cells (AC) within the gut epithelium (e) and lumen (L). 7SSX. 
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mucosa than the muscularis layer (Fig. 6A,B). Usually 
only a single small cluster of chromatophores was pre-
sent in a specimen . All Atlantic croaker from Site SS 
and spadefish from Site S8 were pigmented, with a high 
intensity in the stomach wall of one fish . Several species 
contained no pigmentation. 

Protozoa (rodlet cells) were located in the 
gastric epithelium and were elliptical or oval (Fig . 6C) . 
The nucleus of the protozoa or rodlet cell was eccentric 
and directed toward the basal lamina . Cytoplasmic fila-
ments or rodlets extended along the long axis of the cell . 
Other types of protozoa were rarely seen in the submu-
cosa as minute clusters with or without encapsulation . 
Most spadefish contained a few to many protozoa, 
while rough scad and rock sea bass were free of proto-
zoa . Various fish of other species showed a wide range 
of protozoan involvement . All collecting sites contained 
fish with some protozoal symbionts . 

Encapsulated cysts and granulomas (Fig . 6D) 
were the most frequently encountered of the conditions 
in the gut and were noted in gross dissection of the fish 
body cavity. In some specimens, as many as seven large 
encapsulated structures were noted microscopically in a 
single section of stomach wall . They occurred in all lay-
ers of the stomach, with or without leukocytic infiltra-
tion . Some cysts and granulomas were extremely small, 
while others were large and produced deformations of 
the adjacent stomach wall tissues . Rough scad and bat-
fish from Site C22 were the only two species without this 
condition . Nearly all other species showed numerous to 
few cystic structures . 

Helminths were scattered in the various lay-
ers of the stomach wall with no predilection for one 
layer over another (Fig. 7A,B,C,D) . In this condition 
some symbionts were associated with a mononuclear 
leukocytic reaction, while others showed an adjacent fi-
brous tissue response . Several spadefish from Sites P1, 
S6, 510, and S20 had numerous helminths . Helminths 
were noted in some live fish upon opening the body cav-
ity . Stomach tissues of most fish, however, showed no 
histological evidence of helminthic parasitism . 

Spadefish from Sites 514, S IS, 520, S10, and 
S6 had the highest average number of stomach condi-
tions . The lowest average number of conditions per 
stomach occurred in fish from Sites C22, S14, C21, and 
S7, where rough scad, rock sea bass, sea catfish, and 
Mexican flounder were collected . Symbiosis was most 
frequent in fish (sheepshead, spadefish) from Site P1 
and was absent in fish from Site C22 (rough scad) . 

4. Gonad 

a . Normal Microscopic Features 

(1) Male- The fish testicle had some of the 
features of the mammalian testicle, such as cortex, me-
dulla, outer capsule, and radiating trabeculae or septula 
extending from the outer capsule to a central hilus or 
mediastinum (Fig . 8A) . The cortex from immature fish 
consisted of cords of epithelial cells, two to three cells in 
diameter, extending parallel with the septula from cor-
tex toward medulla (Fig . 8B) . As the testicle matured, 
the cords of cells canalized and various stages of sper-
matogenesis were observed in any one tubular structure . 
All stages of spermatogenesis were commonly seen in 
the testicle (Fig . 8C,D). The percentage of each stage of 

cells present varied from all spermatogonia to nearly all 
spermatozoa . In the latter case, the rete testis was often 
dilated with morphologically mature spermatozoa . In 
some species, the rete testis appeared much better devel-
oped than in others . In rock sea bass, the rete testis ap-
peared scattered, with some parts subcapsular (Fig . 8D) . 

The capsule varied greatly in thickness . In 
rock sea bass and the sea catfish it was very thick, 
whereas in other fishes, such as sand seatrout, fringe 
flounder, sheepshead, and spadefish, the capsule was 
much thinner . In all fish examined, the seminiferous tu-
bules were similar, generally with one layer of cells lin-
ing the tubule. The cells in any particular segment were 
usually in the same developmental phase within a 
mature testicle (Fig . 8C,D) . 

In this investigation, the spermatogenic cycle 
was divided into only four phases, each with its charac-
teristic cells (Fig. 11C) : (1) spermatogonia, light staining 
cells with large, light staining nuclei ; (2) primary sper-
matocytes, with minimal cytoplasm and prominent 
chromatin clumps or chromosomes ; (3)spermatids, ini-
tially the same size as spermatocytes and containing 
light staining nuclei, but later with more condensed nu-
clei and minimal cytoplasm ; and (4) spermatozoa, with 
much more condensed nuclei and typical sperm charac-
teristics . 

(2) Female- The fish ovary had only a few 
features of the mammalian ovary . It was a capsular sack 
made of muscular and connective tissue and filled with 
tubules that contained ova in various stages of devel-
opment (Fig . 9A,C). There was a hilus or medullary 
region through which the vessels entered and left the 
ovary . The immature fish ovary consisted of a series of 
straight tubules converging from the thickened ovarian 
capsule toward the hilus (Fig . 9B) . Each of these tubules 
was lined with ovigenic cells, generally just one cell 
deep . Sections of blood vessels were observed within the 
tubules and between the rows of ova and developing 
follicles . 

Ovaries from different species of fish were 
different only in size, stage of development of ova and 
follicles, and disruption of the uniform tubular pattern 
as large follicles developed . 

For simplicity, the development of the ovum 
was divided into four phases (Fig . 9C) : (1) primary 
ovum, (2) secondary ovum, (3) growing follicle, and 
(4) mature follicle . The primary ova were small cells, 
20-30 Mm in diameter, with dark staining cytoplasm and 
a nucleus about 15 um in diameter . The secondary ova 
were larger but similar in appearance, up to 80 ym in di-
ameter with a I 5-20 ;im nucleus . The nucleus contained 
light staining vesicular nucleoplasm, 3-6 chromatin 
clumps and a prominent, spherical, eosinophilic nucleo-
lus . Up to this size, germ cells with no surrounding cells 
were termed ova (Fig . 9D) . The growing follicle, the 
next larger structure, was 0.7-1 .0 mm in diameter with a 
thin, discernible vitelline membrane, the beginning zona 
pellucida ; one layer of cuboidal follicular cells ; a base-
ment membrane; one or two layers of fibroblast-like 
thecal cells (Fig . l0A) ; and some small blood vessels . 
The follicular cytoplasm was lighter staining than in the 
smaller ova and had begun to vacuolate randomly . The 
nucleus in these cells was a much less prominent, lighter 
staining structure than in the younger ova. Mature folli-
cles varied in diameter (up to 2 mm) in the specimens 
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Fig. 6. Gut. A. M, undulatus. Unencapsulated cluster of chromatophores (HC) with basophilic granular cells 
(b) in the submucosa (s). 188X. B. A. fells. Chromatophores (HC) partially envelop a degenerated symbionet 
(SH) in the submucosa (s). 188X . C. C. chittendeni. A dense population of rodlet cells (protozoa) (r) occupy 
the intestinal epithelium . 755X . D. C. philadelphica. A complex granulomatous host response composed of a 
central area of Gaseous necrosis (n) surrounded by dense (d) and areloar (a) fibrous connective tissue capsules 
with a larval nematode (SH). 188X. 
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Fig. 7. Gut. A. C. faber. An encapsulated immature cestode (SH) with a mild response in the submucosa (s). 
A few acidophilic granular cells are present in the capsule. 47X. B. M. undulates. An encysted nematode 
(SH) in the submucosa (s) with a mild fibrophasia by the host . Muscularis extema (m) and mucosa (a) are 
normal . 47X. C. C. philadelphica. A degenerated nematodic granulomatous cyst (SH) in the submucosa (s). 
At high power many acidophilic granular cells are seen within the cyst. 47X. D. M. undulates. An encapsu-
lated cestode (SH) enveloped by fibrous connective tissue (c) in the submucosa (s). 47X. 
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Fig. 8. Gonads. Physiologic morphology of the testis . A. C. chittendeni. Radiating septula (arrow) extending 
from capsule to medulla between seminiferous tubules. Rete testis (n) of medulla. 47X. B. L, campechanus. 
Immature testis showing mostly spermatogonia (SG), a prominent capsule (c), and focal leukocytosis (LF) in 
the medulla. 185X. C. L. campechanus. All stages of spermatogenesis, with spermatozoa (SZ) throughout 
cortex but mostly in the medullary region (m). 185X. D. C. philadelphica. Testis similar to C in physiologic 
state but with most of the more mature spermatozoa (SZ) directly under the capsule (c). 185X. 
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Fig. 9 . Gonads. Physiologic and pathologic conditions of the ovary. A. M. undulatus. Mature ovary, out of 
season, showing the capsule (c) and undulating tubules which contain only primary ova (arrowhead) and sec-
ondary ova (arrow) . 47X . B . H. acu/eatus. Less development than A. Tubules containing ova (snow) extend-
ing from capsule (c) to medulla (m) . 47X . C . A . fells. Maturing ovary with primary ova (1), secondary ova 
(2), growing follicles (3), and nearly mature follicles (4) . 47X . D. M. undulatus . Maturing ovary showing sec-
ondary ova (2), mature follicles (4), and an atretic follicle (AO). 185X . 
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Fig. 10 . Gonads. Physiologic and pathologic conditions of the ovary. A. A. fells . Growing follicle (3) with 
follicular cells (fc) and thecal cells (tc) . Early mature follicle (4) with prominent zona pellucida (z) . 470X . B. 
A. fells. Early mature follicle with adipose yolk droplets in the yolk (y), a thick zona pellucida (z), follicular 
cells (fc), and thecal cells (tc) . 470X . C. A. fells. Mature follicle with yolk granules (y), adipose yolk droplets 
(a), and zona pellucida (z). 470X . D. C. fa6er. Growing follicle (3), artertic follicle (AO), and focal leukocy-
tosis (LF) . 470X . 
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Fig. 11 . Gonads. Physiologic and pathologic conditions of the testis . A. A. probatocephalus. Degeneration, 
involution of semuuferous tubules (st), capsule (c). 185X. B. A. probatocephalus. Acidophilic granular cells 
(AC) and chromatophores (HQ in the medulla. 470X. C. L. campechanus. Regeneration, active spermatoge-
nesis, all phases . Spermatogonia (SG), spermatocytes (SC), spermatids (SD), and spermatozoa (SZ). 185X. 
D. L. rhom6oides. Encapsulated cyst (CE) and focal leukocytosis (LF) in the medulla. 730X. 

414 

K 

rs" .. ~ ̀ T ~ ~1 + : 

Vol 
..- 

.h 

rr 
~V~' ' T 

41 



studied in this investigation . Mature follicles contained 
a poorly defined-nucleus, vacuolated cytoplasm that 
contained 10-15 jAm spheres of yolk material, a thin 
vitelline membrane, a 10-gym thick zona pellucida, a 
layer of follicular cells, a basement membrane, and sev-
eral layers of fibroblast-like thecal cells and vessels 
(Fig . IOB,C) . 

Atretic follicles and ova were difficult to de-
tect in the early stages . Later, such signs as dissolution 
of the thecal and follicular cells, collapse of the zona 
pellucida, fatty degeneration and breakdown of the yolk 
material, and leukocyte infiltration were indications of 
atresia (Fig . l OD) . 

b. Histopathological Conditions 

(1) Male 

(a) Control Sites-A total of 11 fish rep-
resenting four species taken from three control sites 
made up the control specimens . (Tables 2, 3, Sites C21, 
C22, C23, C24 . Note gonads were not collected in every 
case and in some cases all five fish were females .) The 
testicles of Atlantic croaker and sea catfish, which made 
up eight of the 11 fish of this group, contained only cells 
in the early stages of spermatogenesis . The other fish, 
sand seatrout and batfish, had active spermatogenesis . 
Over 70% of the spermatogenic cells were spermatozoa . 

The term "degeneration" was used to 
refer to the overall appearance of the testis (Fig . 11A) . It 
was sometimes difficult to discern between degeneration 
(a physiologically normal phenomenon) and autolysis (a 
postmortem change) in testicular and ovarian tissue . 
Acidophilic granular cells were similar in appearance to 
the mammalian eosinophil, inasmuch as they contained 
numerous acidophilic staining granules (Fig . 11B) . They 
were most often located in the medullary or hilus region 
and were found singly or in large clusters of cells . In 
many cases single cells or small groups of cells were 
found in the cortical area in the interstitial tissues . 
Chromatophores were cells, probably macrophagic, 
that contained a yellowish pigment (Fig . 11B) . Some-
times they were observed as single cells, located any-
where in the testicle . In most cases there was a cluster of 
cells, often circumscribed and generally in the hilus re-
gion, although even large clumps of chromatophores 
were observed in the cortical region . In the testicle, the 
chromatophore clumps were up to 80 pm in diameter, 
whereas in the ovary, these clusters were up to 250 jum in 
diameter . 

In the males from control sites, patholog-
ical conditions were limited to degeneration in eight of 
the 11 fish . Acidophilic granular cells and chromato-
phores were found in three and five of the testicles, re-
spectively, with no overlap . 

(6) Primary Platform Sites- There were 
11 fish representing five species taken from three pri-
mary collection sites (Table 2, Sites P1, P3, P4) . The 
testicles from rough scad, pinfish, fringe flounder, and 
spadefish from these sites were in a stage of early regen-
eration and most of the spermatogenic cells were sper-
matogonia and primary spermatocytes . "Regenera-
tion" refers to the cyclic redevelopment of the testi-
cles or ovary as the gonad changes from an involuted 
state (Fig . 11C) . The germinal cells become more active 

mitotically and meiotically, which results in an en-
larged, functional sperm producing testicle or ova pro-
ducing ovary . "Involution" refers to the cyclic changes 
that take place in the mature fish gonads from year to 
year . In the involuted state, the organ is shrunken and 
has the basic morphological features of a testicle or 
ovary but without evidence of spermatogenesis or ooge-
nesis . Only the sheepshead testicles were involuted . De-
generation was evident in 25% of the testicles . Acido-
philic granular cells were prominent in 50% and chro-
matophores in 33% of the specimens . 

Leukocytes were observed in foci or as 
individually scattered cells (Fig. 11D) . Most often they 
were found in the hilus region and were associated 
closely with blood vessels whether in the cortical or me-
dullary regions . Leukocytic foci, other than the eosino-
philic cells, were found in 75% of the specimens . Evi-
dence of protozoa (Pig . 12A,B) was seen in only three 
of the 11 fish from primary collection sites . There were 
only three cases of helminths in the fish gonad (Fig . 
12C) . The encapsulated remnants were so degenerated 
in walled-off structures that the diagnosis was not cer-
tain (Fig . 11D) . 

(c) Secondary Platform Sites- Seventy 
fish of eight different species were obtained from 16 sec-
ondary collection sites (Table 3, all Sites except C21, 
C22, C23, C24) . Early stages of regeneration and 
growth of the testicle were seen in longspine porgy, sea 
catfish, and sheepshead . More advanced stages of sper-
matogenesis were seen in Atlantic croaker and fringe 
flounder . Rock sea bass and spadefish testicles were ma-
ture with prominent concentrations of spermatozoa . 
None were involuted or degenerated . The most promi-
nent histopathological feature was the presence of 
acidophilic cells in 74% of the specimens . Some stage of 
degeneration was observed in only 22% of the testicles . 
Chromatophores and leukocytic foci were seen in 
28% and 16% of the gonads, respectively . There was 
evidence of parasites in only 6% of the testicles and 
none of these cases was acute . All were walled off and 
degenerated . 

(2) Female 

(a) Control Sites- A total of 18 fish rep-
resenting seven species taken from four control sites 
made up the control specimens (Tables 2, 3, Sites C21, 
C22, C23, C24) . Atlantic croaker, longspine porgy, sea 
catfish, batfish, pinfish, and fringe flounder were all in 
early stages of ovogenesis only . Their ovaries appeared 
to contain only primary and secondary ova (Fig . 9A,B) . 
The ovary of the sand seatrout contained ova in all four 
stages of development, with mature follicles covering up 
to 60% of the cross-sectional area of a slide . In the fish 
ovary, the ova and/or follicles can undergo degenera-
tion at any stage of development . "Atresia" refers to 
this process and was observed in individual ova and 
follicles of all sizes and in all degrees of degeneration 
(Fig . 12D) . In the regenerating ovary there are relatively 
few atretic ova, while in the mature ovary after spawn-
ing, there are many . Atretic ova may also result from 
anything that would upset the hormonal balance of the 
fish . Pathological conditions in control fish were : acido-
philic cells in 17% of the specimens, atretic ova in 89%, 
chromatophores in k 1 %, and degeneration in 11 % . 
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Fig. 12 . Gonads. Pathologic conditions. A. L. rhom6oides . Protozoa (PZ) on the capsule (c) of testis . Sper-
matogonia (SG) . 470X . B. C. faber. Similar to A. 730X. C. C. philadelphica . Degenerated encapsulated hel-
minth (SH) deep to the capsule (c) of the testis . 185X. D. C. faber. Ovary. Stages of ovagenesis . Primary ova 
(1), secondary ova (2), growing follicle (3), and acetic follicle (A). 185X . 
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(b) Primary Platform Sites-Fourteen 
fish representing six species were taken from four pri-
mary collection sites (Table 2, Sites P1, P2, P3, P4) . 
The ovaries from sheepshead, Atlantic croaker, red 
snapper, and pinfish contained only primary and sec-
ondary ova which appeared histologically sound, 
healthy, and active . Histopathological features were : 
atretic ova in 86% of the specimens, acidophilic cells in 
43%, chromatophores in 29%, focal leukocytosis in 
21%, and encapsulated cysts (small, circular structures 
surrounded by a few layers of fibroblasts and collagen 
and filled with amorphous material) in 7%. Histopatho-
logical conditions were observed in the ovaries from all 
except red snapper . The spadefish had many mature fol-
licles, as did the fringe flounder, but there was much 
follicular atresia noted in the flounder, especially in the 
mature follicles . 

(c) Secondary Platform Sites- There 
were 77 fish from eight different species obtained from 
16 secondary collection sites (Table 3, all Sites except 
C21, C22, C23, C24) . Early stages of growth and regen-
eration were observed in longspine porgy and 
sheepshead . These contained numerous primary and 
secondary ova . The ovaries from some of the spadefish 
and red snapper contained growing follicles as well . The 
sea catfish and fringe flounder had all four develop-
mental stages in about equal amounts . Only the spade-
fish (19 out of 29) had a preponderance of mature folli-
cles . Advanced atresia of the mature follicles was prom-
inent in three of the spadefish ovaries . 

Two histopathological features, acido-
philic granular cells and atretic ova, were prominent in 
fish from secondary sites and were found in 68% of the 
specimens . Degeneration was observed in 12%, chro-
matophores in 57% and leukocytic foci or leukocytosis 
in 30% . 

S. Kidney 

a. Normal Microscopic Features 
The normal kidney structures can be divided 

into two basic components : (1) glomerular and tubular 
structures (i .e ., nephrons) and (2) tissue between the 
tubules (i .e ., parenchyma) . 

Glomeruli, which represented the beginning 
of the nephron, were found scattered throughout the 
kidney tissue . They were seen as somewhat irregular, 
circular, slightly basophilic masses . Bowman's space, 
between the glomerular substance and its surrounding 
capsule, was usually readily apparent . 

The tubules of the nephron were usually 
viewed in cross section . They varied somewhat in diame-
ter and in the morphology of their composite cells in 
accordance with their positions along the nephron . Gen-
erally, however, the cells lining the tubules were cuboi-
dal with acidophilic cytoplasm containing a loosely-
packed basophilic nucleus . The tubules emptied into the 
collecting (mesonephric) ducts of the kidney . The lu-
mina of the mesonephric ducts were bigger than those of 
the primary nephron tubules and were lined by cells 
which tended to be columnar . The nuclei of the cells 
appeared very similar to those of the tubules but tended 
to occupy the portion of the cell farthest from the 
lumen . 

Between the tubules, the parenchyma was 
largely filled with hematopoietic tissue . Thus, many 
blood stem cells were found, as well as mature red blood 
cells . Other blood cell types were seen in much fewer 
numbers but their classification remains in dispute. 
Scattered in the parenchyma were what have been 
termed "melanin-macrophage systems." These consis-
ted of clumps of dark granular pigment which were ap-
parently contained within the cytoplasm of cells whose 
nuclei could be seen within the body of the cluster . The 
number, size, and color intensity of these aggregations 
varied with species . 

Blood channels, both arterial and venous, 
penetrated the kidney parenchyma and were ensheathed 
by varying amounts of acidophilic connective tissue . 

In a few species, a corpuscle of Stannius was 
occasionally seen (Fig . 13A) . This tissue is of the endo-
crine type and is believed to be involved in calcium me-
tabolism . It was located at the kidney's periphery and 
was basophilic, highly vascular, and surrounded by a 
fibrous capsule . 

b. Histopathological Conditions 
The following conditions were noted for fish 

kidney : chromatophores, protozoa, helminths, xeno-
mas, acidophilic granular cells, tubular degeneration, 
and hyperplasia of arterial endothelium . 

Chromatophores, broadly defined here as 
pigment laden cells within the parenchyma, were more 
frequently observed than any of the other conditions . 
While their appearance under the optical microscope 
varied between species, there was a great deal of con-
stancy within specie: . . The chromatophores occurred as 
aggregations dispersed randomly throughout the paren-
chyma, giving the appearance of brown to black 
granular clusters due to their pigmented cytoplasm 
(Fig . 13B,C) . Within these clusters the numerous darkly 
staining nuclei of these cells were visible . 

Chromatophores were very common and 
constituted the predominant finding at all test sites, 
both platforms and controls . Of the 31 tissues examined 
for the control group, 26 contained this condition for an 
incidence of 84% . Species examined included the Atlan-
tic croaker (Site C21), sea catfish (Sites C21, C24), 
longspine porgy (Sits C23), pinfish (Site C23), sand sea-
trout (Site C24), batfish (Site C22), and rough scad (Site 
C22) . All except the five batfish had chromatophores . 

Chromatophores were also prevalent at the 
primary sites . Here, 24 of the 37 tissues examined were 
positive for this condition, an incidence of 65% . In-
cluded in this group were sheepshead (Site P1), spade-
fish (Site P1), Atlantic croaker (Site P2), sea catfish 
(Site P2), red snapper (Site P3), pinfish (Sites P3, P4), 
and fringe flounder (Site P4) . Chromatophores were 
found in only two of the five fringe flounder, one of the 
five Atlantic croakex, and none of the red snapper . All 
other specimens had this condition . 

At the secondary sites, chromatophores were 
seen in 144 of 155 specimens, an incidence of 93% . Spe-
cies examined included Atlantic croaker (Sites S5, S6, 
S8, S9, S13), sea catfish (Sites S5, S19), spadefish (Sites 
S6, S8, S 10-S 14, SIB-S20), rock sea bass (Sites S7, S9, 
S15, S17), fringe flounder (Sites S7, S16), sheepshead 
(Sites S10-S12, S20), longspine porgy (Site S15), and red 
snapper (Site S18) . Chromatophores were found in 19 
of the 20 rock sea bass (absent in one specimen at 
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Fig. 13 . Kidney . A. A. fells. Stannius corpuscle (avows). 84X . B. A . probatocephalus. Chromatophores (ar-
rows). 136X. C. C. faber. Chromatophores (arrows) . 136X . D. A. probatocephalus. Encapsulated protozoa 
(PE). Arrow denotes capsule. 340X. 
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Site S7), nine of 10 sea catfish (absent in one specimen 
at Site S19), seven of nine fringe flounder (absent in two 
specimens at Site S7), and in one of three red snapper 
(absent in two specimens at Site S18) . All other speci-
mens contained chromatophores . 

The second most commonly observed kid-
ney condition was protozoa, which were reported in 
three different forms : (1) encapsulated within the paren-
chyma, (2) within the lining of the mesonephric duct, (3) 
within the vascular lumen . 

Encapsulated protozoa in the parenchyma 
of the kidney was the second most common protozoan 
condition seen (Fig . 1313 ; 14A) . At the control sites, 
however, none were observed . 

From the primary sites, encapsulated pro-
tozoa were seen in I 1 of 37 tissues examined, an inci-
dence of 30% . This lesion occurred in four of five 
sheepshead (Site P1), one of five spadefish (Site P1), 
three of five Atlantic croaker (Site P2), two of four red 
snapper (Site P3), and one of five fringe flounder (Site 
P4) . No encapsulated protozoa were found in sea cat-
fish or pinfish . 

Of the 155 tissues from the secondary sites, 
17 specimens had encapsulated protozoa, for an inci-
dence of 11 % . This lesion was seen in five of 25 Atlantic 
croaker (Sites S5, S6, S9, S13), in three of 50 spade is 
(Sites S6, 512, S13), in one of 20 rock sea bass (Site 
S17), and in one of 18 sheepshead (Sites 510, 511, 512, 
S20) . No encapsulated protozoa were found in the 14 
fringe flounder, 15 longspine porgy, 10 sea catfish or 
three red snapper examined . 

Protozoa found within the mesonephric 
duct lining were elongated cells with clear, nongranular 
cytoplasm (Fig . 14C,D) . The basophilic nucleus tended 
to be located toward the pole of the cell distal to the 
duct lumen . The long axis of the cell was generally par-
allel to that of the columnar cells lining the duct . This 
was by far the most common of the three protozoan 
conditions described . 

From the control sites, however, protozoa 
in the mesonephric duct were noted in only five of the 31 
tissues examined, an incidence of 16%. Specimens posi-
tive for this condition included one specimen of sea cat-
fish (Site C21), three specimens of longspine porgy (Site 
C23), and one specimen of sand seatrout (Site C24) . 

Of the 37 tissues examined from the pri-
mary sites, thirteen had this protozoan condition, an in-
cidence of 35%a . Positive specimens included two 
spadefish at Site P1, two Atlantic croaker at Site P2, 
two red snapper and two pinfish at Site P3, and three 
pinfish and two fringe flounder at Site P4 . 

From the secondary sites, 96 of the 155 tis-
sues examined contained this protozoan condition, an 
incidence of 62% . It was seen in 17 of 25 Atlantic 
croaker (Sites S5, S6, S9, S13), in 47 of 50 spadefish 
(Sites S6, S8, S10-S14, S18-S20), in 16 of 20 rock sea 
bass (Sites S7, S9, 515, S17), in five of 14 fringe floun-
der (Sites S7, S16), in two of 18 sheepshead (Site S20), 
and in nine of 15 longspine porgy (Sites 515, 516, S17) . 
None were seen in the three red snapper or 10 sea catfish 
specimens examined . 

Although not tabulated as a separate condi-
tion, encapsulations entirely filled with pigment were 
occasionally found within the parenchyma (Fig . 14B) . 

The third form of protozoa, found in the 
lumen of an artery, was observed in only one specimen, 
a red snapper at Site P3 . 

Helminths were identified as "double-
walled" encapsulations . That is, the outer wall 
represents the host capsule response to the helminth, 
while the inner wall is actually the exterior of the hel-
minth (Fig . 15A, B) . A viable helminth was defined as 
one for which internal structure was discernible . Some 
encapsulations appeared to contain degenerating 
material which could have been the remains of hel-
minths or other foreign invaders (e.g ., protozoa, bacte-
ria, or fungi) . The degenerating material was not an 
artifact of poor fixation because it was possible to find 
well defined encapsulated material along with the de-
generated form in the same slide . 

From the control sites, helminths were seen 
in three of the 31 specimens, an incidence of 10% . 
Affected specimens included one of five Atlantic 
croaker (Site C21), one of three rough scad (Site C22), 
and one of six sea catfish (Site C24) . No helminths were 
seen in the five longspine porgy, three pinfish, four sand 
seatrout, or five batfish examined . 

Eight of the 37 tissues at the primary sites 
contained helminths, an incidence of 22% . Specimens 
included were two of five spadefish and two of five 
sheepshead (Site P1), two of five sea catfish (Site P2), 
one of seven pinfish (Site P3), and one of five fringe 
flounder (Site P4) . No helminths were found among the 
five Atlantic croaker or five red snapper examined . 

At the secondary sites, 21 of the 155 tissues 
were positive for helminths, giving an incidence of 14% . 
Affected specimens included 12 of 25 Atlantic croaker 
(Sites S5, S6, S8, S9, S13), two of 10 sea catfish (Sites 
S5, S19), five of 50 spadefish (Sites S6, S8, S13), and 
two of 18 sheepshead (Site S20) . None of the 20 rock sea 
bass, 14 fringe flounder, 15 longspine porgy, or three 
red snapper contained helminths . 

Xenomas were represented by excessive en-
capsulation responses to foreign material within the kid-
ney parenchyma (Fig. 15C) . This was a relatively rare 
lesion . At the control sites it was seen in one specimen of 
the 31 tissues examined (in 1 of 4 sand seatrout at Site 
C24) . This gave an incidence of 3% . It was not seen at 
the primary sites . Twelve of the 155 tissues at the sec-
ondary sites were positive for this condition . Included 
were six of 14 specimens of fringe flounder (Sites S7, 
514, S16), one of SC+ specimens of spadefish (Site S11), 
four specimens of longspine porgy (Sites S15, S17), and 
one of five specimens of sea catfish (Site S19) . 

Acidophilic granular cells are considered 
host cells with granular cytoplasm and a basophilic, epi-
centric nucleus . They are somewhat larger than paren-
chymal stem cells and are round to oval . They were 
located in the lining of the mesonephric duct, in the 
lumen of this duct, in the connective tissue surrounding 
it (Fig . 15D), and in the kidney parenchyma (Fig . 16A) . 

This condition was seen in six of the 31 con-
trol tissues, an incidence of 19% . Affected specimens 
included one of five Atlantic croaker (Site C21), one of 
five longspine porgy (Site C23), and four of four sand 
seatrout (Site C24) . .At the primary sites it was observed 
in only two of the 36 specimens (2 of 5 spadefish at Site 
P1) . This gave a 6% incidence . Of the 155 tissues at the 
secondary sites, 74 contained these cells, an incidence of 
48%. Included were two of 25 Atlantic croaker (Site 
SS), seven of 14 fringe flounder (Sites S7, S16), 33 of 
50 spadefish (Sites S8, S10-S14, 518, S20), seven of 
18 sheepshead (Sites S12, S20), three of 10 sea catfish 
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Fig. 14. Kidney . A. A. probatocepha/us. Host encapsulation (c) enclosing protozoa (PE) and chromato-
phores (HC) . 340X. B. A. probatocephalus. Host encapsulation (c) enclosing chromatophores (HC). 340X. 
C. C. faber. Note numerous protozoa (snows) in lining of mesonephric duct . 136X. D. C. Faber. Protozoa 
(arrows) in lining of mesonephric duct . Lumen of duct indicated (ml) . 540X. 
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Fig. 15 . Kidney. A. A . probatocephalus. Helminth (SH). Note chromatophores (HC) . 336X. B. A. probato-
cephalus. Helminth (SH). Note exterior wall of helminth (a) and host encapsulation (b). 540X. C. C. chitten-
deni. Xenoma. Note heavy capsule (b). 136X . D. C. fa6er. Acidophilic granular ceps (snows) in connective 
tissue around mesomephric duct . 540X . 
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Fig. 16 . Kidney . A. M. undulatus. Acidophilic granular cells (arrows) . 540X B. M. undulatus. Tubular do-
generation (arrows) . 540X . C. C. fa6er. Hyperplasia of arterial endothelium (arrows) . 136X. D. Enlargement 
of C. Note hyperplasia (HA) and intact internal elastic membrane (e). 336X. 
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(Site 19), 13 of 15 longspine porgy (Sites S15-S17), one 
of three red snapper (Site S18), and eight of 20 rock sea 
bass (Sites S7, S9, S15, S17) . Thus, at the secondary 
sites, acidophilic granular cells were seen in at (east 
some specimens of all species studied . 

Tubular degeneration, a rarely observed con-
dition, was recognized as an acidophilic, homogenous 
change of the cytoplasm of the cells lining the tubule 
(Fig. 16B) . At the control sites, it was seen in only one 
of the 31 tissues (1 of 1 sea catfish at Site C21) . This 
gave an incidence of 3% . It was seen in three of the 36 
tissues at the primary sites for an incidence of 8% . 
Included were one of five spadefish (Site P1), and two 
of five sea catfish (Site P2) . At the secondary sites, four 
of 155 tissues contained this condition, an incidence of 
3% . The only specimens affected were four of 25 Atlan-
tic croaker (Sites S6, S13) . 

Hyperplasia of the arterial endothelium was 
very rare . It was recognized as an endothelial prolifera-
tion of the artery confirmed by the presence of an intact 
internal elastic membrane (Fig . 16C,D) . No specimens 
among the control or primary sites had this condition, 
which was seen in two of 50 specimens of spadefish at 
the secondary sites (S11, S13) . For the 155 specimens in 
the secondary group this yielded an incidence of 1 %. 

6. Gill 

a . Normal Microscopic Features 
Gills located on the lateral side of the head 

medial to the operculum were composed of a number of 
gill arches with finger- like gill rakers on the medial sur-
face and a series of filaments which protrude from the 
gill arch. The filaments had numerous lateral outfold-
ings, the gill lamellae . The gill lamellae are the respira-
tory portions of the gill . 

The gill arch, which supports the gill and 
anchors it to the body wall, had a bony or cartilaginous 
central arch which was covered with stratified squa-
mous epithelium, with mucous or goblet cells, taste 
buds, and keratinized gill rakers protruding from its 
surface (Fig . 17A) . Several nerves and large arteries 
passed through the gill arch . 

The gill filament, which has a supporting car-
tilaginous core, was attached proximally to the gill arch . 
It contained the afferent and efferent branchial arteries 
and had a prominent basement membrane under the epi-
thelial surface . The filament was surrounded by strati-
fied squamous epithelium with mucous cells (Fig . 18D) 
interspersed among the epithelial cells and a few eosino-
philic chloride cells at the base or proximal end of the 
gill lamellae . The branchial muscles attached to the fila-
ment cartilage and bone and to the cartilage of the gill 
arch for adduction and abduction of the gill filament . 

The gill lamellae (Fig . 17B) protruded from 
the gill filament and were lined by a single layer of squa-
mous to low cuboidal epithelium with an occasional mu-
cous cell and eosinophilic chloride cell interspersed 
among and beneath the epithelial cells . The mucous and 
eosinophilic chloride cells were most numerous in the 
stratified squamous epithelium between the base of ad-
jacent lamellae as they projected from the filament . The 
epithelial cell basement membrane was in direct contact 
or fused with the basement membrane of the capillary 
endothelial cells . The endothelial cells were thinnest 

where they contacted the epithelial cells, allowing for 
most efficient gas exchange between the marine environ-
ment and the blood of the lamellar capillaries . 

b. Histopathological Conditions 
The only lesion observed in the surface epi-

thelial cells of the gill arches and filaments was slight to 
moderate lymphocytic infiltration (Fig . 18D) of the 
basal layer of the epithelium in some individuals . When 
present, this condition was more marked in gill filament 
epithelium than in the gill arch . At the primary sites, 29 
of 39 specimens had slight to moderate lymphocytic in-
filtration of the epithelium and underlying connective 
tissue, while 109 of 158 specimens from secondary sites 
and 13 of 38 specimens from control sites had some lym-
phocytic infiltration . The differences in lymphocytic 
infiltration were more evident between species than be-
tween stations . Sheepshead and spadefish had the high-
est incidence of lymphocytic infiltration and Atlantic 
croaker, sand seatraut, rough scad and batfish had the 
lowest . 

Mucous cell concentrations varied greatly 
from specimen to specimen and from station to station . 
An occasional myxasporidian cyst was found in a few 
specimens in the basal epithelium of the filament be-
tween adjacent lamellae . These cysts were most often 
seen in the lamellae (Fig . 18D) . The taste buds, carti-
lage, and/or bone of the gill arches and filaments ap-
peared normal in all specimens. The prominent Periodic 
Acid-Schiff positive staining basement membrane had 
no lesions or thickening in any of the specimens . There 
were no histopathological changes in longitudinal and 
transverse sections of the arteries and veins or in nerve 
fibers and bundles . The cells of the branchial muscles 
appeared normal although there were occasional encap-
sulated helminth larvae in the muscle or adjacent con-
nective tissue . Tissue reaction to the helminths was min-
imal . Fourteen of the 235 specimens examined had hel-
minth larvae : 13 of these had one larva and one had 
two . 

Eosinophilic chloride cells were not patho-
logic and there was only slight variation in numbers be-
tween individuals of the same species . No differences 
could be detected between stations . 

Only rarely could the vasocongestion 
(Fig . 18A) in the various specimens be attributed to a 
physiologically pathological condition and, when pre-
sent, only localized areas of single or adjacent lamellae 
were involved . Most of the vasocongestion could be 
attributed to decompression changes and changes due to 
the time between capture and fixation of the gills . 

The edema-like condition in gill lamellae, if 
present at all, could not be attributed to anything other 
than individual variation . Only rarely was the classic 
sign of edema, eosinophilic proteinaceous material in 
the spaces, observed (Fig . 18D) . Tissue separation, 
although seen in some specimens, was never seen in all 
lamellae of a given gill and was attributed to artifact 
rather than lesion . 

True hyperplasia was not seen in gill lamellae 
or filaments . In rare instances, the cell and tissue 
changes observed and documented occurred primarily 
in response to parasites in adjacent areas . These changes 
never involved more than two lamellae, usually only 
one . 
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Fig. 17 . Gill . A. A. fells. Normal taste bud on gill raker. 126X . B. M. undulatus. Normal gill filament (F) and 
lamellae (1) with single protozoan cluster between two lamellae . 80X. C. M. undulates. Vasocongestion of 
gill lamellae (arrows) . 126X . D. M. undulates. Note proteinaceous material representing edema of gill lamel-
lae (arrows) . 126X. 
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Fig. 18 . Gill. A. M. undulatus. Hyperplasia of gill lamella. 510X . B. C. chittendeni. Protozoan condition 
represented by ciliates (arrows) . 510X . C. C. chittendeni. Ciliates (arrows) . 510X . D. L. rhomboides. Proto-
zoan cluster, probably myxosporidian, involving gill lamella. Note lymphocytic infiltration (LL) and mucous 
cells (MC). 320X. 
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Parasitism was seen in and on gill lamellae 
and was the primary cause of lesions . The major para-
sites were protozoans ; ciliates (Fig . 18B, C) and myxo-
sporidians were most prevalent, followed by copepods 
(Fig . 19A) and trematodes (Fig . 19B, C, D) . Of the 235 
gill specimens, 101 were parasitized . Sixty eight had pro-
tozoan parasites, 19 had copepods, 13 had trematodes, 
and 14 had helminth larvae . Of the 29 fish from primary 
sites, 23 were parasitized and one had two different 
parasites . Of the 158 secondary site specimens, 59 were 
parasitized . Ten specimens had two different parasites 
and one had three . Of the 38 control specimens, 19 were 
parasitized and one had a dual infection . 

There were no gill parasites in either species 
of fish collected at Sites S13 and 516 . One species was 
not parasitized at Sites P3, S7, S8, 512, S18, and C24. 
Protozoan parasites were seen in fish from all sites ex-
cept S13 and S16, with the highest incidence at Sites P2 
and P4 . Fish from Sites S6, S18, S19, and S20 had tre-
matodes, with the highest incidence at Sites S18 and 
S20 . Fish from Sites P2, S6, S8, S10, SI1, S12, S14, 
S15, 517, and C24 had copepods, with the highest inci-
dence at Site 514 . Helminths were seen in fish from Sites 
P4, S6, S9, S 10, S 11, S149 S15, S17, and C21, with the 
highest incidence at Sites S10, 511, and C21 . 

B. Invertebrates 
The results of sampling efforts during Cruise I 

(20 May-2 June 1978) and the first Biofouling Cruise 
and during Cruise II (21 August-6 September 1978) 
yielded 17 species of invertebrates to be examined for 
histopathological conditions . Included among these 
were the following eight species of bivalve molluscs : 

Arca imbricata (mossy ark), Anadara ovalis (blood 
ark), Noetia ponderosa (ponderous ark), Isognomon ra-
diatus (Lister's tree oyster), Crassostrea virginica 
(American or eastern oyster), Ostrea equestris (horse or 
crested oyster), Tellina sp . (a tellin), and Pitar cordata 
(chordate venus) . The six species of brachyuran crabs 
collected included Portunus gi66esii, Portunus spinicar-
pus, Callinectes sapidus (blue crab), Callinectes similis 
(lesser blue crab), Speocarcinus lo6atus, and Leiolam-
brus nitidus. The following three species of penaeid 
shrimps were also collected : Penaeus aztecus (brown 
shrimp), Penaeus setiferus (white shrimp), and Trachy-
penaeus similis (broken-necked shrimp) . The distribu-
tion of these species among sampling sites and the char-
acterization of the samples acquired at each site are pre-
sented in Tables 5 and 6 . 

The contract called for the collection of 360 inverte-
brates to be examined for histopathological changes. 
Paucities of organisms prevented the acquisition of full 
complements of desired species at eight of the 24 sites 
sampled (Tables 5 and 6). Approved bivalve species 
were absent from Site C24 ; crab species from Sites S10, 
S11, S12, and S20 ; the shrimp species from Sites P1, 
C21, C24, 510, 511, 512, S19, and S20 . Therefore, a 
total of 295 invertebrates were examined . 

The six target organs selected for histopathological 
examination were striated muscle, digestive gland (hepa-
topancreas), gut, gonad, excretory organs, and gills . 
The hearts of crabs and shrimps were also examined and 
lesions were noted when present among other tissues, 
organs, or body cavities (e .g ., nerves, connective tis-
sues, the molluscan foot, and the hemocoel) . 

TABLE S. Characterization of invertebrate histopathology samples collected during Cruise I. 

Sample Methods of Total Numbers of Sexual 
Site Type Species N " Acquisition Length (cm) M/F/HA Maturitv+ 
P1 Bivalve C. virginica 5 Diver 10.1-14.3 1/4/0 M 

Crab I S.lobatus 5 Trawl 0.9-1 .4 4/1/0 I 
Shrimp None 0 

P2 Bivalve C. virginica 5 Diver 5.4-6 .8 2/1/2 I'M 
Crab C. similis 5 Trawl 3.9-5 .4 4/1/0 I 
Shrimp P . aztecus 5 Trawl 9.5-10.9 1/4/0 M,U 

P3 Bivalve A . imbricata 5 Diver 6.9-10.5 2/3/0 I'M 
Crab P . spinicarpus 5 Trawl 2.7-3 .3 1/4/0 I 
Shrimp T. similis 5 Trawl 7.8-9 .5 0/5/0 U 

P4 Bivalve A. imbricata 5 Diver 9.2-9 .8 1/4/0 M 
Crab L. nitidus 5 Trawl 1 .4-2 .3 ~ 2/3/0 M,U 
Shrimp T. similis 5 Trawl 8.0-9 .1 0/5/0 M,I 

C21 Bivalve Tellina sp . 5 Grab 0.7-1 .2 3/2/0 M 
Crab C. similis 5 Trawl 3 .5-5 .7 3/2/0 M,I 
Shrimp None 0 

C22 Bivalve N. ponderosa 5 Trawl 3 .2-3 .6 2/3/0 ~ M 
Crab C . similis 5 Trawl 4.0-4 .6 2/3/0 I 
Shrimp T. similis 5 Trawl 6 .8-7 .0 0/5/0 I'M 

C23 Bivalve P . cordata 5 Trawl 2.3-4 .5 2/3/0 M 
Crab P . spinicarpus 5 Trawl 3.9-4 .4 4/1/0 I'M 
Shrimp P . aztecus 5 Trawl 14.0-17.4 3/2/0 I,U 

C24 Bivalve None 0 
Crab C. similis 5 Trawl 3.6-4 .5 2/3/0 I 
Shrimp None 0 

"N = number of individual organisms examined . 
' M = mature, I = immature, U = unknown . 
AM = males, F =females, f : = hermaphrodites . 
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Fig. 19. Gill . A C. faber. Copepod adjacent to gill structure. 80X. B. C. faber. Trematodes . Note absence of 
marked host tissue response . 320X . C. C. faber. Trematode. 126X . D. A . pro6arocephalus. Trematode in 
connective tissue of fill raker. 320X. 
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TABLE 6. Characterization of invertebrate histopathology samples collected during Cruise II . 

Sample Methods of Total Numbers of Sexual 
c;rP Tvne Species N' Acquisition Length (cm) M/F/HA Maturitv+ 

SS Bivalve C. virginica 5 Diver 6.5-10.4 3/2/0 M 
Crab C. sapidus 5 Trawl 6.7-11 .2 I 4/1/0 I,M,U 
Shrimp P . spetiferus 5 Trawl 12 .6-16 .1 3/2/0 I'm 

S6 Bivalve P.cordata 5 Trawl 3 .5-4 .4 ~ 1/4/0 M 
Crab C. similis 5 Trawl 7 .1-9 .8 4/1/0 M,U 
Shrimp P . aztecus 5 Trawl 13 .5-14 .5 1/4/0 I'M 

S7 Bivalve P.cordata 5 Trawl 3 .2-3 .5 S/0/0 M 
Crab P . spinicarpus 5 Trawl 4.8-6 .0 4/1/0 M,U 
Shrimp P . aztecus 5 Trawl 14.2-15.0 4/1/0 I'M 

S8 Bivalve P. cordata 5 Trawl 3 .3-3 .8 4/1/0 M 
Crab P . gi66esii 5 Trawl 4.0-4 .8 5/0/0 M 
Shrimp P . aztecus 5 Trawl 10.9-14.2 2/3/0 I 

S9 Bivalve P.cordata 5 Trawl 3 .3-3 .9 1/4/0 M 
Crab P. spinicarpus 5 Trawl 5 .4-6 .2 3/1/0 M,U 
Shrimp P. aztecus 5 Trawl 13.5-16.6 4/1/0 I 

S10 Bivalve O. equestris 5 Diver 3 .2-5 .4 0/1/4 M,U 
Crab None 0 -- -- -- -- 
Shrimp None 0 -- -- -- -- 

S11 Bivalve O. equestris 5 Diver 3.5-5 .6 2/0/2 M,U 
Crab None 0 -- -- -- 
Shrimp None 0 -- -- -- -- 

S121 Bivalve N. ponderosa 5 Trawl 2.7-3 .6 1/4/0 M 
Crab None 0 -- -- -- 
Shrimp None 0 -- -- -- 

S13 Bivalve P.cordata 5 Trawl 4.0-4.3 0/5/0 M 
Crab C. similis 5 Trawl 5.8-9.2 1/4/0 I,M,U 
Shrimp P. aztecus 5 Trawl 13.6-16.0 0/S/0 I;M 

S14 Bivalve I.radiatus 5 Diver 1 .5-2 .0 1/4/0 M 
Crab C. similis S Trawl 8.4-9.5 5/0/0 . M 
Shrimp P.aztecus 5 Trawl 11 .0-12.8 3/2/0 I 

S15 Bivalve P . cordata 5 Trawl 3.3-3 .9 2/2/0 M,U 
Crab C. similis 5 Trawl 6.3-7 .5 4/1/0 M,U 
Shrimp P . aztecus 5 Trawl 15.6-21 .9 3/2/0 I'M 

S16 Bivalve P. cordata 5 Trawl 2.4-3 .3 3/2/0 M 
Crab C. similis 5 Trawl 8.4-9 .2 5/0/0 U 
Shrimp P . aztecus 5 Trawl 12.4-14 .5 3/2/0 I'M 

S17 Bivalve P. cordata 5 Trawl 3 .3-3 .8 3/2/0 M 
Crab C. similis 5 Trawl 7.1-10.3 5/0/0 M,U 
Shrimp P . aztecus 5 Trawl 16.4-20.7 3/2/0 M 

S18 Bivalve A . ovalis 5 Trawl 2.7-3 .8 1/4/0 M 
Crab C. similis 5 Trawl 6.2-7 .5 3/2/0 I,M,U 
Shrimp T, similis 5 Trawl 6.3-8 .2 1/4/0 U 

S19 Bivalve C. virginica 5 Diver 4.4-10.5 4/1/0 M 
Crab C. sapidus 5 Trawl 13 .6-16.8 0/5/0 I'M 
Shrimp None 0 -- -- -- 

S20 Bivalve A . ovalis 5 Trawl 2Z-2.7 2/2/0 M,U 
Crab None 0 -- -- -- 
Shrimp None 0 -- -- -- -- 

"N = number of individual organisms examined . 
+ M - mature, I = immature, U - unknown 
AM = males, F = females, H - hermaphrodites. 
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The contract called for the examination of 1770 
organs (six organs from each of the 295 individuals col-
lected) . In some instances, the very small size and/or 
immaturity of specimens collected made the location of 
certain organs (notably gut, gonads, and excretory or-
gans) difficult or impossible . Tables 7 and 8 present the 
distribution of the 1859 organs examined among the 
sites and species sampled. 

1. Bivalves 
Selected organs of 115 specimens representing 

eight species of bivalve molluscs (Arca imbricata, Ajia-
dara ovalis, Noeda ponderosa, Isognomon radiatus, 
Crassostrea virginica, Ostrea equestris, Telling sp ., and 
Pitar cordata) were examined for histopathologies . This 
constituted . a total of 679 organs . Two of the 45 (4%) 
P. cordata examined were very thin in gross appearance . 
This was apparently due to their reproductive cycle as 
microscopic analyses of gonadal tissue revealed that 
both specimens had spawned . Six of the 45 (13%) 
P. cordata examined were abnormal in color and tex-
ture . Whole, fixed specimens were distinctly pinkish-
translucent and very slippery compared to other fixed 
specimens of P. cordata which were brownish-white and 
opaque . Five of the discolored specimens were from Site 
S17 and the sixth from Site S15 . This condition appar-
ently was not related to reproductive cycle or health of 
the organisms . One of the ten O . equestris examined 
was very thin and "watery" in gross appearance with 
distinct white veins in the mantle . Microscopic analyses 
of tissues revealed this specimen was heavily parasitized 
by Bucephalus sporocysts . Six per cent (7 of 115, i .e . 
three 1. radiatus, three P . cordata and one C. virginica) 
of the individual bivalves were free of pathologies . Of 

the 679 organs examined, 320 (47 .1 %) bore one or more 
cases of the 20 histopathology types reported below . 
There were 264 (55.2%) cases of histopathologies which 
were various types of symbioses or directly caused by 
symbioses (i .e ., inflammation) and 232 (46.8%) cases of 
histopathologies which were not apparently correlated 
with symbioses . 

Tables 9 and 10 show the distribution of histo-
pathologies among sampling sites as mean number of 
nonsymbiotic versus symbiotic types . When control, 
primary and secondary sites are grouped, the primary 
and secondary sites show approximately the same mean 
number of nonsymbiotic and symbiotic pathologies per 
mollusc . The control sites, however, show almost twice 
the mean number of nonsymbiotic pathologies per mol-
lusc and a greater number of symbiotic pathologies than 
the primary and secondary site groups . Almost all of the 
control group's pathologies are contributed by molluscs 
from Sites C22 and C23. Noetia ponderosa from Site 
C22 can be compared with N. ponderosa from Site S12 . 
Pitar cordata can be compared with P. cordata from 
Sites S6, S7, S8, S9, 513, S15, 516, and 517 . Pathologies 
and their distribution among species and organs are 
described below . Table 11 gives a ranking of sampling 
sites by mean number of histopathologies . 

a . Muscle 
Muscle tissues were examined from 115 

bivalves . Samples for microscopic analysis were dis-
sected from the adductor muscle and both fast and 
catch muscles were examined when possible . Generally, 
two muscle samples were taken and oriented to give 
both longitudinal and cross sections . 

TABLE 7. Numbers of invertebrate organs collected during Cruise I which were examined for histopathologies . 

Organs 

Site Species Muscle 
Digestive 
Gland Gut Gonad Excretory Gill Other* 

Pi C. virginica S S S 5 S S 
S.1obatus 5 5 5 5 0 5 

P2 C. virginica S 5 5 S 4 S 
C. similis S 5 3 3 5 3 C-5 
P . aztecus 5 5 5 3 S S GS 

P3 A . imbricata S 5 5 5 5 S 
P . spinicarpus S 5 4 5 3 S C-5,N-S 
T. similis 5 !~ 1 3 5 3 S C-S 

P4 A. imbricata 5 S 5 5 3 S 
L. nitidus S 5 4 4 3 4 C-5,N-S 
T. similis S S 4 5 S 5 ' GS 

C21 Telling sp . S 5 5 5 5 S 
C. similis 5 5 4 3 4 S GS 

C22 N. ponderosa 5 5 5 S S S 
C . similis 5 5 2 0 5 S C-4 
T. similis 5 5 4 5 S S C-3 

C23 P. cordata 5 5 S 5 S S 
P. spinicarpus 5 5 S 5 S S C-5,N-4 
P. aztecus 5 5 5 5 S 5 C-5 

C24 C. similis 5 S 5 0 0 5 C-4 

Total 100 96 88 83 - 80 97 70=614 

"C - heart (cardiac), N - nerve . 
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TABLE 8. Numbers of invertebrate organs collected during Cruise II which were examined for histopathologies . 

Or¢ans 

Site Species Muscle 
Digestive 
Gland Gut Gonad Excretory Gill Other' 

SS C. virginica 5 5 5 5 5 5 
C. sapidus 5 S 5 4 5 5 GS 
P. setiferus 5 5 S 2 5 S C-4 

S6 P.cordata 5 5 S S 5 5 F-1 
C. similis 5 5 4 3 5 5 C-5 
P. aztecus S S 5 5 5 5 C-5 

S7 P. cordata S 5 5 5 5 5 F-I 
P. spinicarpus 5 5 4 2 4 5 C-5 
P.aztecus 5 5 5 5 5 5 C-5 

S8 P.cordata S S 5 S 5 5 F-2 
P . gibbesii 5 5 4 5 4 5 C-5 
P. aztecus 5 5 5 5 4 5 C-5 

S9 P.cordata 5 5 5 5 5 5 
P. spinicarpus 3 S 4 3 5 5 C-4 
P. aztecus 5 4 5 4 3 5 C-4 

S10 O . equestris 5 5 S 5 5 S 
S11 O. equestris 5 5 5 5 5 S 
S12 N . ponderosa 5 5 S 5 5 S 
S13 P.cordara 5 5 5 5 5 5 F-1 

C. similis S 5 3 3 5 S GS 
P.aztecus 5 S 5 S 5 5 C-5 

S14 1. radiatus 5 5 5 5 0 5 
C. similis S 5 5 5 S 5 C-5 
P.aztecus 5 S 5 5 5 5 B-2,C-5 

S15 P.cordata 5 5 5 4 5 5 
C. similis 5 5 5 5 5 5 GS 
P. aztecus 5 5 5 5 5 4 C-4 

S16 P . cordata S 5 5 5 S 5 F-1 
C. similis 5 5 5 1 3 5 GS 
P. aztecus 5 5 5 S 5 S C-5 

S17 P.cordata 5 5 5 5 5 5 
C. similis 5 5 5 5 5 4 C-5 
P. aztecus 5 5 5 5 5 S C-5,T-1 

S18 A . ovalis 5 S 5 5 5 5 F-2 
C. similis 5 5 4 5 5 5 C-5 
T. similis 5 5 5 S 4 5 C-5 

S19 C. virginica 5 5 5 ' S 4 5 
C. sapidus 5 5 4 5 5 5 GS 

S20 A . ovalis 5 5 5 4 5 5 
Total 193 194 187 175 181 193 122=1245 

"B - hemocoel, C - heart (cardiac), F = foot, T = connective tissue . 
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TABLE 9. Distribution of histopathologies of bivalve molluscs among sampling sites . 

Mean Number of Nonsvmbiotic / Svmbiotic HistouatholoQies 
Digestive Per 

Site Muscle Gland Gut Gonad Excretory Gill Organism 
Control 
C21 0.0/0 .4 0.0/0 .0 0.0/0 .4 0.0/0 .0 0.0/0 .0 0.0/0 .4 0.0/1 .2 
C22 1 .6/0.4 1 .0/1 .2 0.0/0.4 0.6/1 .6 0.8/1 .0 0.4/0.4 4.4/5 .0 
C23 1 .0/0.2 0.4/0 .6 0.2/0 .0 0.4/0 .0 0.6/0 .4 1 .8/1 .2 4.4/2.4 

Primary 
P1 0.0/0 .8 0.2/0 .2 0.0/0.0 0.2/0 .0 0.0/0.0 1 .4/1 .4 1 .8/2.6 
P 2 0.0/1 .0 0.4/0 .6 0.4/0.2 0.0/0.0 0.0/0.0 0.8/1 .0 1 .4/2.6 
P 3 0.0/1 .0 0.0/0 .2 0.2/0.0 0.6/0.0 0.2/0.0 0.6/0 .2 1 .6/1 .4 
P4 0.0/1 .0 0.0/0 .8 0.0/0.0 0.0/0.0 0.4/0.0 1 .3/0.3 1 .2/2.0 

Secondary 
SS 0.2/1 .0 0.2/1 .2 0.6/1 .0 0.8/0 .6 0.0/0 .0 0.0/1 .0 1 .8/4 .8 
S6 0.0/0.0 1 .0/1 .4 0.8/0.6 0.2/1 .0 0.0/0.0 1 .0/0.6 3 .0/3 .6 
S7 0.0/0 .0 0.4/1 .6 0.6/0 .2 0.0/0 .2 0.4/0 .4 1 .0/1 .2 2.4/3 .6 
S8 0.4/0.0 0.8/1 .2 0.6/0 .0 0.4/1 .0 0.4/0.0 1 .2/0.6 3.8/2.8 
S9 0.0/0.0 0.0/0.6 0.6/0 .0 0.4/0.2 0.0/0.2 0.8/1 .0 1 .8/2.0 
S10 0.6/0.4 0.0/1 .0 0.8/0 .8 0.0/0.0 0.0/0 .0 0.0/0.4 1 .4/2.6 
S11 0.6/1 .2 0.0/1 .2 1 .0/1 .0 0.0/0 .4 0.2/0.2 0.4/0.6 2.2/4 .6 
S12 0.0/0.0 0.4/1 .0 0.0/0.4 0.0/0.2 0.0/0 .0 0.0/0.0 0.4/2.0 
S13 0.2/0.0 1 .4/1 .2 1 .4/0.8 0.4/0.8 0.2/0 .0 0.0/0.0 3.6/2.8 
S14 0.6/0 .0 0.8/0 .0 0.0/0 .2 0.0/0 .0 0.0/0.0 0.0/0 .0 1 .4/0 .2 
S15 0.2/0.8 0.0/0.8 0.8/0.0 0.3/0.0 0.2/0.0 0.4/0.0 1 .8/1 .6 
S16 0.0/0 .2 0.2/0 .4 0.8/0 .0 0.0/0 .0 0.2/0.4 0.2/0 .2 1 .2/1 .2 
S17 0.0/0.2 0.2/0.2 1 .0/0.0 0.0/0.0 0.0/0.0 0.0/0.0 1 .2/0 .4 
S18 0.0/0.0 0.0/0.8 0.0/0.8 0.2/0.8 0.6/0.0 0.4/1 .4 1 .2/3 .8 
S19 0 .0/0 .0 0.0/0.0 0.0/0.0 0.0/0.0 0.0/0.0 0.0/0.0 0.0/0 .0 
S20 0.0/0 .0 0.0/1 .4 0.0/0.0 0.0/0.3 0.0/0.0 0.6/0.0 0.6/1 .6 

TABLE 10. Distribution of histopathologies of bivalve molluscs 
among combined control, primary and secondary sampling sites . 

Mean Nnmher of Nonsvmhiodc / Symbiotic Histooatholo¢ies 

Combined Digestive Per 
Sites Muscle Gland Gut Gonad Excretor y Gill Organism 

Control 0.9/0.3 0.5/0.6 0.1/0.3 0 .3/0 .5 0.5/0 .1 0.7/0.7 2.9/2 .9 
Primary 0.0/1 .0 0.2/0.5 0.2/0 .1 0.2/0 .0 0.2/O.a 1 .0/0 .8 1 .5/2 .1 
Secondary 0.2/0.2 0.3/0.9 0.6/0.4 0.2/0 .3 0.1/0 .1 0 .4/0 .4 1 .7/2 .4 

431 



TABLE 11 . Ranking of sampling sites by mean number of histopathologies per bivalve. 

Mean Number of Histo- 
Site Species patnoiogies per Bivalves . 
C22 N. ponderosa 9 .4 
S11 O. equestris" 6.8 " 
C23 P, cordata 6 .8 
SS C. virginica " 6 .6* 
S6 P cordata 6 .6 
gg P.cordata 6.6 
S13 P.cordata 6.4 
g7 P. cordata 6 0 
S18 A. ovalis 5 .0 
131 C. virginica' 4.2' 
p2 C. virginica' 4.0" 
S10 O.equestris" 4.0' 
S9 P.cordata 3.8 
S15 P.cordata 3.4 
pq A. im6ricata " 3 .2 " 
p3 A. imbricata " 3.0 " 
S12 N. ponderosa 2.4 
S16 P.cordata 2.4 
S20 A. ovalis 2 .2 
S14 I. radiatus " 1 .6 " 
S17 P.cordata 1 .6 
C21 Tellina sp . 1 .2 

'platform associated 

(1) Normal Microscopic Features- In longi-
tudinal section, muscle tissues were composed of long 
cylindrical cells with tapered ends . The eosinophilic cy-
toplasm contained numerous slender fibrils which were 
oriented parallel to the longitudinal axis in relaxed mus-
cle but were somewhat obliquely oriented in contracted 
muscle . The peripheral nuclei were oval to elongate in 
shape, stained lightly, and contained several small nu-
cleoli . Each muscle cell was surrounded by endomy-
sium, a very delicate connective tissue membrane . 
Bands of muscle were ensheathed in a heavier connec-
tive tissue sheet, the epimysium . A heavier connective 
tissue, the perimysium, ran between and connected mus-
cle bands . 

In cross section, the muscle cells were ar-
ranged in bands which were sometimes compact . Indi-
vidual cells were irregular in cross section and varied 
considerably in width . The nuclei stained more densely 
than in longitudinal section and were irregularly spaced . 

Catch muscle was more acidophilic, had 
heavier connective tissue and the individual cells were 
generally wider than in fast muscle . Nerve tissue and 
free hemocytes were present in muscle sections . 

(2) Histopathological Conditions- Histopa-
thologies occurred in 43 .5% (50 of 115) of the muscle 
samples examined . There were a total of 70 cases of the 
nine different types of conditions discussed below . The 
distribution of these pathologies among sampling sites is 
presented in Table 12. 

Abnormally high numbers of eosinophilic 
leucocytes were evident in 9.6% (if of 115) of the mus-
cle samples examined . Six O. equestris, three P . cor-
data, and two I. radiatus displayed this condition . Leu-
cocytes were generally spread throughout the muscle 
rather than being in focal concentrations . 

Six per cent (7 of 115) of the muscle samples 
analysed displayed evidence of degeneration or liquefac-
tion . This occurred in three N. ponderosa, three P. cor-
data and one C. virginica . In some instances, the muscle 
apparently broke down and liquefied, disrupting the 
normal structure and leaving only an amorphous, light 
staining mass of fibers . Liquefied areas were confined 
to a few individual muscles or covered an extensive area . 
No nuclei were present in liquefied areas . In other 
instances, the muscles were shrunken and greatly re-
duced in size, leaving large open areas surrounded by 
connective tissue (Fig . 20A) . This was also sometimes 
extensive . 

Five per cent (6 of 115) of the muscle samples 
analysed possessed areas of focal necrosis (Fig . 20B) . 
This condition occurred in five N. ponderosa, all from 
Site C22, and one P. cordata. This condition was char-
acterized by breakdown or liquefaction of muscle ac-
companied by pyknotic nuclei, acidophilic and baso-
philic cellular debris and in some cases leucocytes . 

Two (1 .7%) of the muscle samples examined 
contained focal concentrations of leucocytes . This con-
dition was characterized by abnormally high numbers of 
leucocytes occurring in clumps, sometimes concentri-
cally arranged around a core of pyknotic nuclei, rather 
than being dispersed throughout the tissue . This 
occurred in one P . cordata and one 1. radiatus. These 
concentrations were apparently not the results of 
symbioses . 

The muscles of one P. cordata had darkly 
staining pyknotic nuclei in focal areas . No leucocytes 
were associated with this condition . 

Three types of symbioses were observed in 
bivalve adductor muscle . The most prevalent was the 
fungal parasite (Order Plasmodiophorales) Dermo-
cystidium marinum or Dermocystidium-like orga-
nisms . Dermocystidium marinum or D. marinum-like 
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Fig. 20. Bivalve muscoe . A. C. virginica . Degeneration (DG), 130X . B. N. ponderosa. Focal necrosis (FN) 
with leucocytic invasion and debris (arrow). 340X . C. O. equestris. Dermocystidium-like symbionts (arrows) . 
340X. D. Ostrea equestris. Bucephalus sporocysts (arrows) . 136X . 
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TABLE 12 . Distribution of histopathologies of bivalve musculature among sampling sites. Each site represents 
five muscle samples unless otherwise noted . 

Site 
Pathology PI P2 P3 P4 SS S6 S7 S8 S9 S10 Sll S12 Sl3 S14 Sly S16 S17 SI8 S19 S20 C21 C22 C23 C24 " 

Leucocytosis -- -- -- I -- 3 3 -- -- Z -- -- -- -- -- -- -- -- 2 -- (general) 

Degeneration -- -- -- -- 1 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- 3 2 -- 

Focal necrosis -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 1 -- 

Leucocytosis 
-- -- ~- -- - - - - - - - - 1 I - -- (focal) 

Pyknotic -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- - -- nuclei 

Plasmodiophorales 4 5 5 S 5 -- -- -- -- 2 
1 
4 -- -- -- 1 1 -- -- -- -- 2 -- -- -- 

Amoeba -- -- -- -- -- -- -- -- -- -- ~ -- -- -- -- 3 -- ~ -- -- -- -- -- -- -- 

Sporozoa -- -- -- -- -- -- -- -- -- -- ~ -- -- -- -- ' -- -- -- -- -- -- 2 1 -- 

Bucephalus -- -- -- -- -- -- -- -- -- ~ -- -- -- -- -- -- -- -- -- -- -- -- -- 

Total Number 4 5 5 5 6 0 0 2 0 5 9 0 1 3 5 1 1 0 0 0 2 10 6 -- 
-no bivalves collected 

organisms were present in 29.6% (34 of 115) of the mus-
cle samples examined (Fig. 20C) . Fourteen C. virginica, 
ten A. im6ricata, six O. equestris, two P . cordata, and 
two Tellina sp . were infected . The spindle cell stage of 
this parasite was apparent as dense, round to oval bod-
ies which stained solid black . 

Unidentified amoebae were seen in 3 .5% 
(4 of 115) of the muscle samples examined . This condi-
tion was limited to P. cordata from Sites S15 and S17 . 
Each amoeba had a single, lightly basophilic nucleus 
and cytoplasm filled with dark, acidophilic granules . 
Amoebae were numerous and appeared to displace the 
muscle cells . 

Unidentified sporozoans were present in 
3.5% (4 of 115) of the muscle tissues examined . Single 
plasmodial or sporocyst stages were noted in the 
adductor muscle of one N. ponderosa, one O. equestris, 
one P. cordata and in the body musculature of one 
N. ponderosa . 

A single O . equestris bore numerous Buce-
phalus sporocysts in the adductor muscle and muscula-
ture of the body (Fig . 20D) : 

b. Digestive Gland 
The digestive glands of 115 bivalves were 

examined . 

(1) Normal Microscopic Features- The di-
gestive glands of the eight species of bivalves examined 
were similar in microscopic structure, with some minor 
variation . In living specimens, the digestive gland was 
light yellow or brown to dark green to dark brown in 
color . It was composed of many blind tubules, the di-
gestive diverticulae, which emptied into larger collecting 
ducts . In cross section, the diverticulae were round to 
oval with a cross-shaped or circular lumen . Diverticulae 

were composed of a connective tissue basement mem-
brane and cuboidal and columnar epithelial cells . Epi-
thelial cells were non-ciliated, generally large, some-
times highly vacuolated with light staining cytoplasm 
and a large basophilic basal nucleus . In C. virginica and 
O . equestris, four clumps of crypt or regenerative cells 
occupied the "corners" of the diverticulae . These cells 
were strongly basophilic with large compact nuclei . In 
other species, the regenerative cells were situated along 
one or two sides (P . cordata and Telling sp .) or more or 
less evenly distributed along the diverticulae (N. pon-
derosa, A. ovalis, and A . imbricata) . Mucous cells and 
phagocytes were lightly scattered in the epithelium . In a 
few species (N. ponderosa, P. cordata, A. ovalis) the 
epithelial cells sometimes contained a heavy concentra-
tion of yellow crystals or secretions . 

The ducts which connected the diverticulae 
to the stomach were circular to ovate in cross section 
with irregular to circular lumina. They were composed 
of ciliated columnar cells on a connective tissue base-
ment membrane, with light staining cytoplasm and a 
basal nucleus . Mucous cells and phagocytes were pre-
sent in the epithelia . 

The diverticulae and connecting ducts were 
either compact or loosely arranged and were surrounded 
by connective tissue, some smooth muscle strands and 
hemocytes . 

(2) Histopathological Conditions-Histo-
pathologies were noted in 69.6% (80 of 115) of the di-
gestive gland samples examined . There were a total of 
125 cases of the 12 types of pathologies described below . 
Thirty-seven of the cases or 29.6% were not apparently 
attributable to symbioses, while 88 cases were a type of 
symbiotic relationship or were clearly attributable to 
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TABLE 13 . Distribution of histopathologies of bivalve musculature among sampling sites. Each site represents 
five muscle samples unless otherwise noted. 

Site 
Pathology Pl P2 P3 P4 SS S6 S7 S8 S9 S10 S11 Sl2 St3 S14 S IS S l6 SU S18 S19 S20 C21 C22 C23 C24" 

Leucocytosis 
- 1 -- -- -- 4 2 2 -- -- -- 2 3 -- -- 1 -- -- -- -- -- 1 1 -- (focal) 

Leucocytosis 1 1 I 2 2 ~I 4 1 -- 
(General) 

Yellow Cells -- -- -- -- -- -- -- -- -- -- -- -- Z 4 -- -- 1 -- -- -- -- -- -- -- 

Degeneration -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Sporozoans 1 -- -- 4 2 2 4 3 3 -- -- -- 2 -- 2 1 1 -- -- -- -- -- 2 

Cestodes -- 2 -- -- -- I 2 1 -- -- -- 5 3 -- 2 -- -- 3 -- 3 -- 4 -- -- 

Plasmodiophorales -- -- -- -- 4 -- -- -- -- 5 5 -- -- -- -- -- -- -- -- -- -- -- -- -- 

Nematodes -- -- -- -- -- 4 1 2 -- -- -- -- 1 -- -- -- -- I -- -- -- 1 -- -- 

Amoebae -- -- -- -- -- -- ~ -- -- -- -- -- -- -- -- 1 -- -- -- I -- 1 -- -- 

Trematodes -- -- -- -- -- -- -- -- -- -- ~ -- -- -- -- -- -- -- -- 3 -- -- -- -- 

Spores (?) -- ~ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- 

Copepod -- -- ~ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Total Number 2 5 1 4 7 12 10 10 3 5 6 7 13 4 4 3 2 4 0 7 0 11 5 --

*no bivalves collected 

symbioses (i .e ., inflammation) . The distribution of 
these histopathologies among sampling sites is presented 
in Table 13 . 

Focal aggregations of leucocytes were pre-
sent in digestive gland samples of 14.8% (17 of 115) of 
the bivalves examined (Fig . 21A) . This condition was 
present in 15 P. cordata, three N. ponderosa and one C. 
virginica . The extent varied from a single small clump to 
several scattered aggregations to a large massive aggre-
gation . None were apparently associated with helminth 
parasitism . 

Abnormally high numbers of eosinophilic 
leucocytes were dispersed throughout the tissues of 
10.4% (12 of 115) of the digestive gland samples studied 
(Fig . 21B) . This occurred in six P. cordata, four N. pon-
derosa and two C. virginica . 

Concentrations of a peculiar yellow pig-
mented cell were observed in 6.0% (7 of 115) of the di-
gestive gland samples examined (Fig . 21C) . These cells 
had the appearance of leucocytes but were seldom seen 
except in focal and general accumulations in the diges-
tive gland and focally in the gut . They were somewhat 
amoeboid, usually goblet-shaped to round in form, had 
dense spherical nuclei and a very dense appearing cyto-
plasm filled with yellow granules . Yellow pigmented 
cells were present in moderate to very heavy aggrega-
tions in the digestive glands of four P. cordata and were 
distributed rather evenly and lightly in the digestive 
glands of three other P . cordata. 

One P. cordata displayed some evidence of 
degeneration in a small focal area of diverticulae . Cellu-
lar structure was lost in this area with accumulation of 
some debris. 

The digestive gland was a common site for 
parasitism . This organ contained 88 cases, over twice as 

many as any other organ except gill . Twenty-three per-
cent (27 of 115) of the digestive glands examined con-
tained one or more types of sporozoans . Two C. virgin-
ica, both from Site SS contained Nematopsis spores in 
the connective tissue near the edge of the digestive 
gland . A third C. virginica contained an unidentified 
protozoan . Four N. ponderosa from Site C22 bore un-
identified sporozoans in the connective tissue in and 
around the digestive gland . Most were single, oval cells 
which resembled macro-gametocytes of marine cocci-
dia . The light, basophilic nucleus of these cells con-
tained a single endosome and was surrounded by light 
eosinophilic-basophilic cytoplasm . A second type of 
sporozoan in N. ponderosa somewhat resembled the 
plasmodium stage of the haplosporidian Minchinia. 
These basophilic spherical bodies were present in the 
connective tissue and contained several small, spherical 
nuclei, each with a prominent endosome adjacent to the 
nuclear membrane . An intracellular stage of an uniden-
tified sporozoan was present in the hepatocytes of 
twenty P. cordata (Fig . 21D) . It somewhat resembled a 
micro-gametocyte of some marine coccidia . These spo-
rozoans were spherical in form, basophilic and were 
multinucleate or contained coarse chromatin granules . 
Hepatocytes appeared not to be harmed . 

Larval trypanorhynchan cestodes were pre-
sent in 22.6% (26 of 115) of the digestive glands studied . 
Nine of the ten N. ponderosa examined bore one to sev-
eral larvae in the lum.ina of the digestive diverticutae . In 
some instances, an increased number of mucous cells 
were present in the epithelium surrounding the cestodes . 
Two Noetia each bore a cestode in the connective tissue 
between diverticulae ; one cestode elicited no host re-
sponse while the other was surrounded by a connective 
tissue capsule. Larval cestodes were encysted in the 
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Fig. 21 . Bivalve digestive gland. A. P. cordata. Focal aggregation of leucceytes (LF) between digestive diver-
ticula. 136X. B. P. cordata. Abnormally high number of circulating leucocytes (arrows) . 240X . C. P. cor-
data . Concentration of yellow pigmented cells (YP) between digestive diverticula. 340X. D. P. cordata. Spo-
rozoan (PZ) in a hepatocyte of the digestive epithelium . 340X. 
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the digestive gland of 11 P . cordata. All cestodes were 
surrounded by connective tissue capsules, sometimes 
quite thick . Aggregations of eosinophilic leucocytes 
were observed to surround cestode cysts in three of the 
11 Pitar (Fig . 22A) . Lumina of the diverticulae were 
also the site for cestode infection in six of ten A . ovalis. 

Plasmodiophorales-like organisms, tenta-
tively identified as Dermocystidium marinum, were inci-
dent in 12% (14 of 115) of the digestive gland samples. 
Ten O. equestris and four C. virginica bore infections as 
previously described for muscle . No tissue damage was 
noted. 

Nematode larvae were present in 8 .7% (10 of 
115) of the tissues examined . Nine P . cordata and one 
A. ovalis harbored these helminths, apparently a single 
worm each . Half of the above molluscs showed no host 
response either in the form of encystment or inflamma-
tion by leucocytic infiltration . No tissue damage was 
noted to the hosts, except for some displacement of tis-
sue . Nematodes in five of the above Pitar, however, 
elicited moderate to heavy host inflammatory response 
(Fig . 22B) . Aggregations of eosinophilic leucocytes were 
present adjacent to the helminths . Some aggregates were 
large and breakdown of diverticulae was observed in 
some cases . 

Protozoans, tentatively identified as amoe-
bae, were present in 3 .5% (4 of 115) of the digestive 
glands examined . Three P . cordata and one N. ponder-
osa were infected . Amoebae were enclosed by a thin 
layer of connective tissue . These organisms were spheri-
cal with a spherical basophilic nucleus and eosinophilic 
cytoplasm containing basophilic granules . One was ob-
served to be undergoing binary fission . The amoebae in 
N. ponderosa were present in a very large aggregation of 
leucocytes . 

Trematode larvae were found in 3.5% (4 of 
115) of the digestive glands examined . Three A. ovalis 
bore metacercaria which were surrounded by layers of 
connective tissue . A single O . equestris was host to 
Bucephalus sporocysts . Damage by the sporocysts was 
heavy as only a few diverticulae of the digestive gland 
remained . 

A single P. cordata bore numerous strongly 
basophilic, oval-shaped, spore-like structures in the he-
patocytes. No detail of these structures could be seen . 
Infected hepatocytes were often enlarged . A similar 
spore-like object was observed in the connective tissue 
of the digestive gland of a single C. virginica. 

The digestive gland of one A. imbricata con-
tained a copepod . No damage to the host was noted . 

Abnormally heavy concentrations of mucous 
cells were observed in the diverticula epithelium of 
14.8% (17 of 115) of the bivalves examined . In some 
cases, this occurred in epithelium adjacent to cestode 
symbionts and was probably a response to them . In 
some bivalves, no cestodes were found in association 
with large concentrations of mucous cells . Concentra-
tions of mucous cells are not herein considered a pathol-
ogy, but their presence in perhaps unusually high num-
bers has been noted . 

c. Gut 
Samples consisting of stomach, intestine and 

often esophageal and rectal tissues were studied from 
115 individual molluscs . 

(1) Normal Microscopic Features- The di-
gestive tract was lined by a simple columnar epithelium 
on a basement membrane of collagen fibers and some 
smooth muscle . With the exception of the area under 
the gastric shield, the columnar epithelium was ciliated 
throughout . Ciliation was especially pronounced on 
some portions of the stomach and in the style sac . The 
cytoplasm of the epithelial cells was lightly eosinophilic 
and finely granular. The nuclei were large and oval with 
chromatin in the form of sparse, basophilic granules . 
Nuclei were located from about the middle to the base 
of the cells . Mucous cells were interspersed among the 
ciliated epithelium cells and were especially common in 
the rectum . Mucous cells were generally elongate or 
goblet-shaped with coarsely vesicular, strongly eosino-
philic mucous droplets almost filling the cell and push-
ing the nucleus to the side. Phagocytes and eosinophilic 
leucocytes were sparsely scattered between the ciliated 
cells and were more common in the connective tissue 
surrounding the digestive tract. A gastric shield, ranging 
from a chitinous-like membrane to a thick, laminated 
layer covered a small pan or almost all of the stomach, 
depending on the species . A layer of connective tissue 
consisting of elongate to somewhat spherical, multiang-
ular Leydig cells surrounded most of the digestive tract . 
The nucleus of Leydig cells was centrally or peripherally 
located . 

(2) Histopathological Conditions- Histopa-
thologies were noted in 44.3% (51 of 115) of the gut 
samples examined . There were 85 cases of the nine con-
ditions discussed below . Forty-nine were nonsymbiotic 
and 36 were symbiotic or symbiotic related . The distri-
bution of these histopathologies among sampling sites is 
presented in Table 14 . 

Aggregations of yellow-pigmented cells (Fig . 
22C) were present in the epithelial lining of 21 .7% (25 of 
115) of the gut samples examined . All cases were re-
stricted to P . cordata, of which 55.5% (25 of 45) had 
this condition . Yellow-pigmented cells were round to 
goblet-shaped or often anomalous. The hyaline cyto-
plasm was often so packed by coarse, yellow granules 
that the dense, rounded nucleus appeared to be pushed 
to the periphery of the cell . Yellow-pigmented cells were 
mostly restricted to the lower, feces-filled intestine but 
were occasionally observed very sparsely in the epithe-
lium in other parts of the gut . They were also occasion-
ally present in the digestive gland as described earlier . 
Disruption of the epithelium was associated with this 
condition but leucocytic infiltration was evident in only 
one incident . In heavy cases, yellow-pigmented cells 
aggregated in one focal area, causing the epithelium to 
become greatly distended, apparently detaching from 
the basement membrane and ballooning into the lumen 
of the intestine . 

Abnormally high numbers of eosinophilic 
leucocytes were noted in the epithelial lining or below 
the basement membrane of 13% (15 of 115) of the tis-
sues examined . This condition was observed in five C. 
virginica, two P. cordata and eight O. equestris . Leuco-
cytes were generally, spread through the tissue in one 
area rather than being in focal aggregations . 

Focal aggregations of eosinophilic leucocytes 
were observed in 5.2% (6 of 115) of the gut samples ex-
amined . Aggregations of leucocytes were noted in five 
P. cordata and A. imbricata . 

437 



~`~~ ,z d 

d d 
f'/) t ~. sI r,N . 

. ~ , . C
~ 

yt`~ y~~ 4 %f ,~ r ~ . 

` ~4 ~ ~ { '' 

46 

_ . . .. . t/. . ~ " . . ~I . . . 

" 5 u .K °~ 

~1 ~" ̀ ~~,y~ }fit ,~ 

.-
.i ._= ~ , ~ l lh 

SN 

V , p .~~ t t 1 ~~ C 1~, 

0 

t ' G 
" 

4yi 
t 'f. ' ,~~*~f~o- 

.' 4.4~p , 

' ,V i}4 

Fig. 22 . Bivalve digestive gland (A&B) and gut (CBcD) . A. P. cordata. Cestodes (SC) encysted between diges-
tive diverticula (dd) accompanied by inflammatory response (IF) . Note connective tissue wall (cw) . 136X . B. 
P. cordata. Larval nematodes (SIB between digestive diverticula (dd) accompanied by inflammation (IF) . 
136X . C. P. cordata. Concentration of yellow pigment cells (YP) in epithelium of gut (ep) . 136X . D. N. pon-
derosa . Cestode (SC) in lumen (lu) of stomach; stomach epithelium (ep) . 136X . 
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TABLE 14 . Distribution of histopathologies of bivalve gut among sampling sites. Each site represents 
five gut samples unless otherwise noted. 

Site 

Pathology Pl P2 P3 P4 SS S6 S7 S8 S9 S10 SI1 S12 S13 S14 S15 1 S16 S17 S18 S19 S20 C21 C22 C23 C24" 

Yellow Cells -- -- -- -- -- 3 3 2 3 -- -- -- 5 -- 4 1 4 -- -- -- -- -- -- -- 

Leucocytosis 2 3 1 -- 1 -- 3 5 
(general) 

Leucocytosis 1 -- -- -- -- -- -- -- -- -- Z -- 2 -- -- -- -- -- -- 1 -- (focal) I 

Necrosis -- -- -- -- -- -- -- -- -- ~ -- -- -- -- -- ~ ~ -- -- -- -- -- -- -- 

Plasmodiophorales -- -- -- -- 5 1 1 -- -- 4 5 -- 3 -- -- -- -- -- -- 

Cestodes -- -- -- -- -- -- -- -- 4 -- -- -- -- -- 4 -- -- 2 2 -- -- 

Sporozoans -- 1 ~ -- -- -- -- -- -- -- -- -- ° 1 -- -- -- -- -- -- -- -- -- - -- 

Copepods -- -- -- -- -- ~ -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- 

Amoeba -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Total Number 0 3 1 0 8 7 4 3 3 8 10 4 11 1 4 4 5 4 0 0 2 2 1 --

*no bivalves collected 

Evidence of necrosis was displayed in 2.6% 
(3 of 115) of the gut samples . In the single O. equestris 
and two P. cordata, this condition was limited to a sin-
gle, small, focal area each . 

Plasmodiophorales-like organisms, as de-
scribed under muscle, were incident in 16.5% (19 of 
115) of the gut tissue samples collected . This parasite 
was found in five C. virginica, five P. cordata and nine 
O . equestris . 

Ten per cent of the gut tissue samples exam-
ined contained tetraphyllidean cestodes . With the excep-
tion of one encysted in connective tissue, all were free in 
the gut lumen (Fig . 22D) . Cestodes were found in six N. 
ponderosa, four A . ovalis, and two Tellina sp . In some 
instances, heavy concentrations of mucous cells in the 
epithelium were associated with the presence of 
cestodes . 

Plasmodium-like stages of unidentified spo-
rozoans were present in two samples . One C. virginica 
contained a single, spherical plasmodium-like structure 
in the connective tissue surrounding the intestine . A 
P. cordata bore numerous spherical, intracellular, baso-
philic structures in the epithelium of the gut . 

Copepods were incident in the intestine of 
one P. cordata and one I. radiatus . No host inflamma-
tory response was noted . One C. virginica contained 
unidentified amoebae in the gut lumen . 

Abnormally high numbers of mucous cells 
were aggregated in the gut epithelium of 19% (22 of 
115) of the tissues examined . In some incidences this 
was associated with the presence of cestodes, but not all . 
Ten A. ovalis, seven C. virginica, four N. ponderosa 
and one A. imbricata displayed heavy aggregations of 
mucous cells in the gut epithelium . In heavy cases, the 
epithelium appeared to have been almost replaced by 
large, strongly eosinophilic mucous cells . These concen-
trations of mucous cells are not herein considered to be 
a pathology, but their presence in perhaps unusually 
high numbers has been noted . 

d. Gonad 
Gonadal tissues of 113 specimens were exam-

ined . These included 58 samples of ovarian tissue, 46 
samples of testicular tissue and eight samples from her-
maphroditic specimens. No gonadal tissue was found in 
one specimen because of parasitism as described below . 

(1) Normal Microscopic Features-The bi-
valve ovary consisted of many branching tubular folli-
cles . In cross section, the follicles appeared as irregu-
larly round or elongate units bounded by a basement 
membrane of collagen fibers . Depending on maturation 
stage, the follicles were either butted together or were 
separated by Leydig cells . In some samples, the walls of 
the follicles were lined by small ovocytes and other 
small, somewhat flattened cells, both of which were 
deeply basophilic . In other samples, from more mature 
specimens, ovocytes and other cells were less numerous 
along the periphery of the follicles and portions of the 
follicle wall were devoid of such cells . Free ova were 
present in the lumina or were attached to the wall by a 
peduncle. The shape of the ova varied greatly . The cyto-
plasm of the ova was basophilic and sometimes con-
tained droplets, vacuoles and granules . The nuclei were 
large with a spherical nucleolus which was eccentrically 
located . Follicles along the surface of the gonad were 
lined by a ciliated cuboidal epithelium along the outer 
side . Follicles from spawned ovaries contained only a 
few ova . Muscle strands, nervous tissue and hemocytes 
were present between follicles . 

The testes were divided into spermaries, tu-
bular units bounded by collagen fibers . In cross section 
the spermaries varied considerably in shape . The ar-
rangement of cells in a spermary was similar to that in 
the ovary . The walls of the spermaries were lined by 
spermatogonia, small basophilic cells with large nuclei . 
The lumina of the spermaries were filled with sper-
matocytes and spermatozoa . Most of the lumina were 
filled by the spermatozoa which were smaller than the 
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spermatogonia and spermatocytes . The flagellar tails of 
the spermatozoa were eosinophilic and trailed toward 
the center of the spermary. Spermaries along the surface 
of the gonad were lined by ciliated cuboidal epithelium 
along the outer side . Muscle strands, nervous and con-
nective tissues were present between spermaries . 

(2) Histopathological Conditions-Histopa-
thologies were noted among 32.7% (37 of 113) of gonad 
samples examined . There were a total of 57 cases of the 
10 conditions discussed below . Thirty-five of the cases 
(61 .4%) were attributable to symbioses . The distribu-
tion of histopathologies among sampling sites is pre-
sented in Table 15 . 

Ten per cent (11 of 113) of the gonads exam-
ined were undergoing degeneration to some degree (Fig . 
23A) . All cases except one were occurring in ovarian tis-
sue . The extent of degeneration varied from one or two 
follicles to almost all of the follicles . Some or all ova in 
affected follicles were lysed into amorphous cellular de-
bris . Some, but not all, degenerating follicles were being 
invaded by eosinophilic leucocytes and in one case the 
follicles were ringed by leucocytes . Degeneration of 
ovarian follicles occurred in five P. cordata, three N. 
ponderosa and one A. imbricata. One spermary in a sin-
gle P. cordata was disrupted and being invaded by eosi-
nophilic leucocytes (Fig . 23B) . 

Pyknotic nuclei were noted in ciliated epithe-
lium cells in 3.5% (4 of 113) of the tissues examined . 
This condition was restricted to C. virginica from Site 
S5 . 

Focal aggregations of eosinophilic leucocytes 
were noted in 3.5% (4 of 113) of the gonadal tissues ex-
amined . This condition was present in two P. cordata, 

one C. virginica and one A. imbricata . Abnormally high 
numbers of leucocytes were present in the gonadal tis-
sues of two other P. cordata. This condition differs 
from focal aggregates in that the leucocytes are dis-
persed throughout the tissues rather than being in iso-
lated clumps . 

Heavy concentrations of yellow-pigmented 
cells as earlier described were present in several sperma-
ries of a single A. ovalis. 

The majority of pathologies in the gonadal 
tissues examined were symbiotic in nature . The most 
prevalent of the types of symbioses was parasitism by 
larval nematodes . One or more nematodes were incident 
in the gonads of 11.5% (13 of 113) of the bivalves exam-
ined (Fig . 23C) . Only one nematode appeared to be en-
cysted . The others were free in the gonad and elicited a 
host inflammatory response in only two cases . Inflam-
mation was in the form of large aggregates of eosino-
philic leucocytes . Nine P. cordata, three A. ovalis and 
one N. ponderosa were infected . 

Ten per cent (11 of 113) of the bivalves exam-
ined bore unidentified sporozoans in gonadal tissues . 
Five N. ponderosa from Site C22 harbored stages re-
sembling macro- and micro-gametocytes of coccidia 
(Fig . 23D) and a plasmodium resembling that of the 
haplosporidian Minchinia . Very small morula-like 
structures composed of 10-12 dense nuclei were ob-
served in gonadal tissues of five P . cordata . They are 
thought to be sporozoa . A morula, spherical and com-
posed of cuboidal cells surrounding a hollow center, 
was noted in one C. virginica. 

Larval cestodes were incident in the gonads 
of 6.2% (7 of 113) of the molluscs examined (Fig . 24A) . 
With the exception of one tetraphyllidean, all appeared 

TABLE 15 . Distribution of histopathologies of bivalve gonad among sampling sites . Each site represents 
five gonad samples unless otherwise noted . 

Site 
Pathology PI P2 P3 P4 SS S6 S7 S8 S9 S10 S11 S12 S13 S14 515+ S16 S17 S18 S19 520+ C2( C22 C23 C24" 

Degeneration -- -- i 2 -- -- -- -- 1 

' 

1 -- -- -- 2 -- I -- -- -- -- -- -- 3 1 -- 

Pyknotic nuclei -- -- -- -- 4 -- -- -- -- -- -- I 
i 

-- -- -- -- -- -- -- -- -- I -- -- -- -- 

Leucocytosis 
(focal) 

Leucocytosis 
-- -- -- -- - - - - - - - 

(general) 

Yellow Cells -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- ~ -- 
i 

-- -- -- 

Nematodes -- -- -- -- -- 3 1 2 -- -- -- 1 3 -- -- -- -- 3 -- -- ~ -- -- -- -- 

Sporozoans -- -- -- -- 1 I -- 3 1 -- -- -- -- -- -- -- -- -- -- -- -- S -- -- 

Cestodes -- -- -- -- -- 1 -- -- -- -- -- -- 1 -- -- -- -- 1 -- 1 -- 3 -- -- 

Plasmodiophorales -- -- -- -- 2 -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- 

Trematodes -- -- -- -- -- -- -- -- -- -- ~ -- -- -- -- -- -- -- -- -- -- -- -- -- 

Total Number 1 0 3 0 7 6 1 7 3 0 2 1 6 0 1 0 0 5 0 1 0 11 2 --

*no bivalve collected 
+ tour gonad samples 
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Fig. 23 . Bivalve gonad. A. N. ponderosa. Degeneration of ovarian follicles. 136X . B. P. cordata. Degenera-
tion (DG) of a spermary and invasion by leucceytes (arrows) . 340X. C. P. cordata. Nematodes (SIB in a sper-
mary . Note absence of capsules. 136X . D. N. ponderosa. Sporozoan (snow) at edge of spermary. This re-
sembles a coccidian micro-gametocyte. 340X. 
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Fig. 24 . Bivalve gonad (A) and kidney (B-D). A. A. ovalis. Cestode (SC) encysted in ovary (ov), note cyst wall (cw) . 86X. B. P. cordata. Abnormally high number of circulating leucceytes (arrows) . 340X. C. P. cordata. Focal aggregates of leucocytes (arrows) . 340X. D. N. ponderosa. Sporozoan (PZ) which resembles macro-gametocyte of a coccidian. 340X. 
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to be trypanorhynchan larvae and all were encysted in 
layers of connective tissue . Cestodes were found in three 
N. ponderosa, two P. cordata and two A. ovalis. 

Plasmodiophorales-like organisms were 
incident in the gonads of two C. virginica and one 
O. equestris. 

One O. equestris had such a heavy infection 
of Bucephalus sporocysts that the larvae completely re-
placed the gonads of the host . 

e. Excretory Organ 
Excretory tissue was examined from 106 bi-

valves . Samples for microscopic analysis were dissected 
from between the adductor muscle and dorso-posterior 
portion of the visceral mass . 

(1) Normal Microscopic Features- Histol-
ogy of the excretory tissue differed between species but 
all basically fell into one of three groups . The excretory 
tissue of C. virginica and O. equestris was composed of 
loosely arranged tubules separated by broad areas of 
Leydig cells . Portions of the bladder were also present 
in some samples . The tubules and bladder were lined by 
either cuboidal cells or tall columnar cells on a thin 
basement membrane . The cuboidal cells were vacuo-
lated with a basal, oval nucleus . Columnar cells had a 
fine, granular cytoplasm . 

Pitar cordata, N. ponderosa, A. ovalis and 
Telling sp . had large, dark-colored nephridia in contrast 
to the above . Excretory tissue was composed of cuboi-
dal, columnar and irregular cells packed together and 
divided into irregular "compartments" by basophilic 
collagen fibers which formed basement membranes . 
Excretory cells had vacuolate or clear cytoplasm and 
contained large concretions or granules, some of which 
appeared square, flat and clear while others were golden 
to black and ovate . Nuclei were small, oval and dense . 
Tubules were lined by cuboidal cells . Eosinophilic gran-
ular leucocytes and other hemocytes were present in the 
excretory tissues . 

The excretory tissues of A. imbricata consis-
ted of a network of tubules lined by cuboidal or colum-
nar epithelium . Epithelial cells contained large vacuoles, 
light, eosinophilic droplets and a dense, coarsely granu-
lar nucleus at the base of the cell . No concretions or 
granules were present . 

(2) HistopathologicalConditions-Histopa-
thologies were noted among 25.5 % (27 of 106) of the ex-
cretory tissues examined . There were a total of 34 cases 
of the seven types of conditions . Sixty-two per cent of 
the cases were nonsymbiotic or not apparently the result 
of symbioses . The remainder were symbiotic in nature . 
The distribution of the histopathologies among sam-
pling sites is presented in Table 16. 

Ten per cent (11 of 106) of the excretory tis-
sue examined displayed abnormally high numbers of 
eosinophilic leucocytes dispersed throughout the tissues 
(Fig . 24B) . This condition was present in three A. ovalis, 
three N. ponderosa., two P . cordata, two A. imbricata 
and one O. equestris. 

Focal aggregations of eosinophilic leuco-
cytes were noted in 4.7% (S of 106) samples examined 
(Fig . 24C) . These were not apparently correlated with 
symbioses . Aggregates were either in the form of a tight 
clump of leucocytes or a discrete core of concentrically 
arranged leucocytes with pyknotic nuclei . Three P. cor-
data, one A. imbricata and one N. ponderosa displayed 
this condition . 

Unidentified cyst-like objects were present 
in 2.8% (3 of 106) of the tissues . Only one or two were 
found in each of three P. cordata. Cysts were spheri-
cal and stained basophilic with no internal structure 
discernible . 

One P . cordata displayed massive lysing of 
the excretory cells (irregular and columnar cells of 
"compartments") . Cuboidal cells lining tubules re-
mained intact . Nuclei of the lysed cells also appeared 
normal . 

TABLE 16 . Distribution of histopathologies of bivalve kidney among sampling sites. Each site represents 
five kidney samples unless otherwise noted. 

Site 
Pathology P1 P2 P3 P4 SS S6 S7 S8 S9 S10 S11 S12 S13 St4 S15 S16 S17 S18 S19 S20 C21 C22 C23 C24" 

Leucocytosis 
-- -- -~ 

2 -- -- -- -- -- -- ~ -- -- -- -- -- -- 3 -- -- -- 3 2 
-- (general) 

Leucocytosis 
-- -- 

1 -- -- -- -- ! -- -- -- -- 1 -- -- -- -- -- -- -- -- 1 1 
-- (focal) 

Cysts -- -- ° -- -- -- 2 1 -- -- -- -- -- -- -- -- -- -- -- ° -- -- -- -- 

Lysis -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 

Sporozoans -- -- -- -- -- -- 2 -- 1 -- -- -- -- -- -- 2 -- -- -- -- -- 5 2 -- 

Trematode -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- 

Mucous cells -- -- -- -- -- -- -- ° -- -- ~ -- -- -- -- -- -- -- -- -- -- -- -- -- 

Total Number 0 0 1 2 0 0 4 2 1 0 3 0 1 0 1 2 0 3 0 0 0 9 5 --

*no bivalves collected 
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Numerous mucous cells were present in the 
epithelial lining of the excretory tubules in one O. eques-
tris. In some areas they appeared to outnumber the 
columnar cells . This was the only specimen in which 
mucous cells were present in any numbers in excretory 
tissues . 

Eleven per cent (12 of 106) of the excretory 
tissues examined had one or more different sporozoa . 
Sporozoa occurred in five N. ponderosa and seven 
P . cordata . The most prevalent were oval with a light 
basophilic-eosinophilic cytoplasm and a light basophilic 
nucleus with a single endosome (Fig . 24D) . These resem-
bled macro-gametocytes of marine coccidia, some of 
which are parasitic in molluscan kidney . A second type 
was spherical, basophilic, and was multinucleate or had 
coarse chromatin granules (Fig . 25A) . It resembled 
micro-gametocytes of some marine coccidia . The third 
type resembled the plasmodium state of the haplospori-
dian Minchinia . Spherical plasmodia contained several 
small, spherical nuclei with a prominent endosome adja-
cent to the nuclear membrane. 

One specimen of O. equestris had Bucephalus 
sporocysts throughout the excretory tissues . 

f. Gill 
Gill samples from 115 bivalves were exam-

ined . Gills were oriented (when possible) so both longi-
tudinal and transverse sections could be studied . 

(1) Normal Microscopic Features- The 
structure of the molluscan gill varied with species, 

orientation and angle of the cut . Basically, gills were 
composed of tubular filaments perpendicular to the gill 
axis . Filaments were composed of an outer ciliated col-
umnar epithelium supported by chitinous rods . Many of 
the filaments of Noetia, Anadara and Arca were cov-
ered by flattened epithelium . The central portion of the 
filaments were occupied by tubules divided by septa . 
Mucous cells were scattered among the outer epithelial 
cells and along the tubules within the filaments . Con-
nective tissue was abundant within the filaments and 
muscle cells were found throughout . Hemocytes were 
more numerous in Noetia and Anadara than the others . 

(2) Histopathological Conditions- Histopa-
thologies were noted among 57.3% (66 of 115) of the 
molluscan gills . There were a total of 116 cases of the 12 
conditions described below . Fifty-one per cent (60 of 
117) of the cases were not symbiotic in nature and not 
apparently related to a symbiotic condition . The distri-
bution of the pathologies among sampling sites is pre-
sented in Table 17 . 

Gills from 22.6% (26 of 115) of the molluscs 
displayed abnormally high numbers of eosinophilic leu-
cocytes dispersed throughout the tissues (Fig . 25B) . This 
condition was displayed by thirteen P. cordata, five 
C. virginica, four A. imbricata, three O . equestris and 
one A. ovalis. 

Focal aggregates of eosinophilic leucocytes 
were present in 12.2% (14 of 115) of the gill samples ex-
amined . This condition was displayed as loose or tight 
clumps (Fig . 25C) of concentrically arranged leucocytes, 

TABLE 17 . Distribution of pathologies of bivalve gill among sampling sites. Each site represents 
five gill samples unless otherwise noted. 

Site 

Pathology PI P2+ P3'& P4 SS S6 S7 S8 S9 S10 Sll S12 S13 SW SIS S16 S17 S18 519+ S20 C21 C22 C23 C24" 

Leucocytosis 4 1 2 2 -- -- 2 4 2 -- 2 -- -- -- I 2 -- -- 1 -- -- -- -- 4 
(general) 

Leucoc tosis 3 2 1 -- -- 1 -- 1 1 -- -- -- -- -- -- ~ -- -- -- 3 -- -- (focal) . 

Pyknotic nuclei -- -- -- -- -- 3 3 I I - -- -- -- ~ -- - - - -- - 

I 

- - -- -- 

CYsts -- -- -- -- -- ~ -- -- -- -- -- -- -- -- I -- -- -- ~ ' -- -- -- -- 4 -- 

Necrosis -- -- -- -- -- -- -- -- Z -- 

Pigment 
-- 2 -- -- -- -- -- -- -- -- -- -- -- -- -- accumulation 

Amoebocytes -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ~ ~ -- -- -- - - -- 

Plasmodiophorales 5 4 1 I 3 -- 2 I -- 2 3 -- -- -- -- -- -- -- -- -- 2 -- 3 -- 

Sporozoans 2 -- -- -- 2 2 2 2 4 -- -- -- , -- -- -- 1 -- 4 -- -- -- 2 -- 

Bacteria -- -- -- -- -- 1 Z -- I -- ~ - 
i 

- ~ - - -- 

Amoebae -- -- -- -- -- -- -- -- -- -- -- ~ -- -- ~ -- -- -- -- -- - - - 3 - 

Trematodes -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
I 

2 ~ -- -- -- -- -- -- 

Total Number 14 7 4 5 5 8 11 9 9 2 5 0 0 -- 2 2 0 9 0 3 2 4 15 --

-no bivalves collated 
°no gill samples 
Athra gill samples 
+ four gill samples 
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Fig. 25 . Bivalve kidney (A) and gill (B-D). A. N. ponderosa. Sporozoan (PZ) which resembles micro-gameto-
cyte of a coccidian. 340X . B. A. ovalis . Abnormally high number of circulating leucocytes (arrows) in fila-
ments. 340X . C. P. cordata. Focal aggregate of leucocytes (LF) . 340X. D. P. cordata. Cysts of unknown etio-
logy (CU) . 340X . 
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some with pyknotic nuclei, around a dense core rather 
than generally dispersed as in the preceding condition. 
Focal aggregates were found in five C. virginica, three 
A . ovalis, five P. cordata and one A. imbricata. 

Ten per cent of the gills examined had focal 
areas of pyknotic nuclei . This condition was limited to 
eight specimens of P. cordata. 

Dense, spherical, basophilic cysts of un-
known etiology (Fig . 25D) were present in 5 .2% (6 of 
115) of the gills examined . No internal structure could 
be discerned. These were present in five P . cordata, all 
from Site C23, and one A . ovalis. 

Necrotic filaments were observed in 1 .7% (2 
of 115) of the samples examined (Fig . 26A) . This condi-
tion was limited to two N. ponderosa from Site C22 . 
Necrosis was spotty . Necrotic filaments were reduced to 
what appeared to be chitinous rods with much eosino-
philic and brownish-gold debris . Inflammation (leuco-
cytosis) and sloughing of the epithelium of adjacent fila-
ments was evident . 

Two A . imbricata from Site P3 had a dark, 
finely granular pigment accumulation in the gill fila-
ments . Filaments were only very lightly coated . 

A heavy, focal concentration of amoebocytes 
was present in a filament of a single A . ovalis. 

A plasmodiophorales-like organism, tenta-
tively identified as D. marinum, was present in the gills 
of 23.5% (27 of 115) of the molluscs examined . Para-
sites were the same as those described in muscle . This 
organism was present in twelve C . virginica, four 
O . equestris, three P . cordata, two A. imbricata and 
two Tellina sp . 

Sporozoans were incident in 18.3% (21 of 
115) of the gill samples examined . Spores of the gregar-
ine sporozoan Nematopsis (Fig . 26B) were present in 
11 .3% (13 of 115) of the gill samples . The spherical to 
ovate spores were found in the connective tissue and 
muscle portions of the gills . A coiled, vermiform sporo-
zoite was visible in most spores . Nine P . cordata and 
four C. virginica harbored Nematopsis . Plasmodia of 
unidentified sporozoa were present in 7% of the gills ex-
amined . Most were found in the epithelium (Fig . 26C) . 
Plasmodia were found in four A. ovalis, all from Site 
S18, two N. ponderosa and two P . cordata . 

Bacteria were present on the interlamellar 
septa of 3.4% (4 of 115) of the gills. This condition was 
confined to P. cordata . 

Gills of three P. cordata from Site C23 har-
bored amoebae (Fig . 26D) . Most were in connective tis-
sue but some were in the tubules . Amoebae were ovate 
with a large, dense nucleus and a small, spherical inclu-
sion body adjacent to the nucleus . 

Trematode metacercariae were encysted in 
gills of two A . ovalis from Site S 18 . 

g. Other Organs 
Other organs or tissues were included in most 

histological sections, especially the transverse sections 
of whole specimens . Nervous tissue was common 
among samples and was routinely studied . No patholo-
gies were found in nerves of the 115 bivalves examined . 

Part of or an entire transverse section of the 
foot was routinely examined for pathologies when pos-
sible . Samples from 40 Pitar, eight Anadara, five Noetia 
and five Tellina sp . were studied . Encysted cestodes 
were incident in foot muscle of six P. cordata and two 

A. ovalis and a trematode metacercaria was encysted in 
the foot of a single Pitar. 

2. Crabs 
Selected organs of 98 specimens representing six 

species of brachyuran crabs (Callinectes sapidus, Calli-
nectes similis, Leiolam6rus nitidus, Portunus gib6esii, 
Portunus spinicarpus, and Speocarcinus lo6atus) were 
examined for histopathologies . This constituted a total 
of 636 organs . No crabs were collected from Sites 510, 
511, S12, and 520 . Nineteen of the 98 specimens exam-
ined, i .e ., three L . nitidus, seven C. similis, seven P . 
spinicarpus, one P. gi66esii, and one S. lobatus were 
free of pathologies . The L . nitidus were from Site P4 . 
The C. similis were collected at Sites P2 and C22 (one 
specimen each), C24 (two specimens), and C21 (three 
specimens) . The P. spinicarpus were from Sites P3 (2 
specimens) and C23 (five specimens) . The S . lo6atus 
was collected at Site P1. Of the 636 organs examined, 
161 (25 .3%) bore one or more of the 20 histopathology 
types reported below for a total of 222 recorded cases of 
the 20 types . There were 42 cases (18.9%) of histopa-
thologies which were various types of symbioses or 
which were clearly elicited directly by symbioses (e.g ., 
inflammation) . One hundred and eighty cases (81 .1%) 
were not apparently correlated with symbioses . Tables 
18 and 19 give the distribution of pathologies in terms of 
mean number of nonsymbiotic versus symbiotic cases 
per organ at each site . Table 20 gives a ranking of sam-
pling sites by mean number of histopathologies . 

a. Muscle 
Muscle samples from 98 individual crabs 

were examined for histopathologies . Samples were ob-
tained from the last thoracic segment, usually from the 
proximal muscles of the fifth pereiopod . 

(1) Normal Microscopic Features- Crab 
voluntary muscle displayed striations in its contracted 
state . The sarcoplasm was acidophilic and contained 
many fibrils running the length of the cell . Nuclei were 
peripheral and lightly basophilic with scattered chroma-
tin granules . Muscle cells were arranged into bundles 
bound by connective tissue sheaths . Connective tissue 
sheets also ran between bundles and joined bundles . 
Sections of nerves, skeletal apodemes, and circulating 
hemocytes were commonly included in muscle sections . 

(2) Histopathological Conditions- Histopa-
thologies were noted in 34.7% (34 of 98) of the muscle 
samples examined . There were a total of 47 cases of the 
eight pathology types described below . Ninety-two per 
cent (43 of 47) of the cases were not attributable to sym-
bioses, while 8% (4 of 47) of the cases were symbiotic . 
The distribution of these histopathologies among sam-
pling sites is presented in Table 21 . 

Degeneration or liquefaction of muscle tissue 
was evident in 21 .4% (21 of 98) of the samples exam-
ined . Most cases of liquefaction were confined to small 
focal areas in which muscle bundles would lose their cel-
lular and structural integrity and break down into an 
amorphous mass of fibers (Fig . 27A) . Light eosinophilic 
debris was present and a few pyknotic nuclei in some 
cases, but no granular debris or eosinophilic leucocytes . 
This condition was found in 11 C. similis, four C. sapi-
dus, four P . spinicarpus, and two P. gibbesii . 
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TABLE 18 . Distribution of histopathologies of crabs among sampling sites . 

K.t-*, Numl,nr of NnncvmhinNc / Svmhintic Histnnatholo¢ies ---- 
Digestive Per 

Site Muscle Gland Gut Gonad Excretory Gill Heart Organism 

Control 
C21 0.2/0.0 0.0/0.0 0.0/0 .0 0.0/0.0 0.0/0 .0 0.0/0.0 0.2/0.0 0.4/0 .0 
C22 0.4/0 .0 0.0/0 .0 0.0/0.0 -/- 0.2/0.0 (I .0/0 .0 0.4/0 .0 1 .0/0.0 
C23 0.0/0.0 0.0/0.0 0.0/0 .0 0.0/0.0 0.0/0 .0 (1 .0/0.0 0.0/0.0 0.0/0 .0 
C24 0.2/0 .0 0.2/0 .0 0.0/0 .0 -/- -/- (1 .0/0 .0 0.0/0 .0 0.4/0 .0 

Primary 
P1 0.0/0.0 0.0/0.2 0.0/0.0 0.0/0 .6 -/- () .4/0.0 -/- 0.4/0.8 
P2 1 .0/0.0 0.2/0.0 0.0/0.0 0.0/0 .0 0.0/0.0 0.0/0 .0 0.8/0 .0 2.0/0.0 
P 3 0.0/0.0 0.0/0 .0 0.0/0.0 0.0/0 .0 0.0/0.0 0.3/0 .0 0.0/0 .0 0.3/0.0 
P4 0.0/0.0 0.2/0 .2 0.0/0.0 0.0/0 .0 0.0/0.0 0.0/0 .0 0.0/0 .0 0.2/0.2 

Secondary 
SS 1 .8/0 .2 0.4/0.4 0.2/0 .2 0.3/0 .0 0.6/0 .2 0.6/0.8 0.0/0.0 3.8/1 .8 
S6 1 .2/0/0 0.0/0 .2 0.0/0 .2 0.7/0.3 0.4/0.0 0.2/0 .2 0.2/0.0 2/6/1 .0 
S7 0.6/0 .0 0.0/0 .0 0.5/0.0 0.0/0 .0 0.8/0 .0 0.2/0.0 0.0/0 .0 2.0/0 .7 
S8 0.8/0 .0 0.4/0/0 0.0/0.2 0.0/0 .0 0.5/0.2 11 .2/0.4 0.0/0 .0 2.9/0 .9 
S9 0.3/0 .0 0.6/0 .2 0.5/0.2 0.7/0 .0 0.2/0.0 0.2/0.0 0.0/0 .0 2 .5/0.4 
S13 0.8/0.2 0.2/0.2 0.0/0 .0 0.3/0.0 0.4/0 .0 0.4/0.0 0.2/0.0 2 .3/0 .4 
S14 0.0/0 .0 0.4/0 .0 0.0/0.0 0.2/0 .0 0.2/0.0 0.8/0 .0 0.2/0 .0 1 .8/0.0 
S15 0.4/0.2 0.2/0.0 0.0/0.0 0.0/0.0 0.6/0 .0 0.4/0.0 0.6/0.0 2.2/0 .2 
S16 0.2/0 .0 0.0/0 .0 0.2/0 .0 0.0/0 .0 1 .3/0.0 t .8/0 .0 0.2/0 .0 3 .6/0 .0 
S17 0 .0/0 .0 0.0/0.0 0.2/0.0 0.0/0 .0 1 .0/0 .0 0.5/0.0 0 .0/0 .0 1 .7/0.0 
S18 0 .6/0 .2 0.6/0.0 0.0/0.0 0.0/0 .0 0.8/0.0 0.4/0.0 0.4/0 .0 2.8/0.2 
S19 0.2/0.0 0.6/0 .6 0.5/0 .0 0.0/0.0 2.2/0 .0 1 .0/2 .2 0.0/0.0 4.5/2 .8 

TABLE 19 . Distribution of histopathologies of crabs among combined control, 
primary and secondary sampling sites . 

naPa*, Mimher of Nnncvmhiotic / Symbiotic Histooatholo¢ies 
P Digestive er 

Site Muscle Gland Gut Gonad Excretory Gill Heart Organism 
Control 0.2/0.0 0.1/0 .0 0 .0/0 .0 0.0/0.0 0.1/0.0 0.0/0 .0 0.2/0.0 0.5/0.0 

Primary 0.2/0.0 0.1/0 .1 0.0/0 .0 0.0/0 .1 0.0/0.0 0.2/0 .0 0.2/0.0 0.7/0.2 

Secondary 0.6/0.6 0.3/0 .1 0.2/0 .8 0.2/0.0 0.7/0 .0 0.6/0.4 0.2/0.0 2.7/0.6 
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TABLE 20. Ranking of sampling sites by mean number of histopathologies 
per crab 

Mean Number of Histopathologies 
Site Species per Crab 
S19 C. sapidus 7 .3 
SS C. sapidus 5 .6 
S8 P. gibbesii 3 .8 
S6 C. similis 3 .6 
S16 C. similis 3.6 
S18 C. similis 3.0 
S9 P. spinicarpus 29 
S13 C. similis 2.7 
S15 C. similis 2.4 
P2 C. similis 2.0 
S7 P. spinicarpus 2.0 
S14 C. similis 1 .8 
S17 C. similis 1 .7 
P1 S.lobatus 1 .2 
C22 C. similis 1 .0 
P4 L. nitidus 0.4 
C21 C. similis 0.4 
C24 C. similis 0.4 
P3 P. spinicarpus 03 
C23 P. s inicar us 0.0 

TABLE 21 . Distribution of pathologies of crab musculature among sampling sites. Each site represents 
five samples unless otherwise noted. 

Site 
Pathology P1 P2 P3 P4 SS S6 S7 S8 S9 S10" S11" S12" S13 S14 S15 S16 Sl7 S18 S19 S20" C21 C22 C23 C24 

Degeneration -- 4 -- -- 4 2 3 2 l -- -- -- -- -- 2 -- -- -- -- -- 1 1 -- 1 

Pyknotic 
-- -- -- -- Z 2 -- Z -- -- -- -- 3 -- -- 

-- -- -- -- -- -- nuclei 

Leucocytosis 
-- ~ -- ° 2 -- -- -- -- -- -- -- -- -- -- -- -- ~ ~ -- -- 1 -- -- (focal) 

Leucocytosis -- - ° -- 1 -- -- -- -- -- -- I (general) 

Focal 
-- ° ~ 1 -- -- -- -- -- -- -- -- -- 

necrosis 

Deteriorating 
-- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- -- 1 -- -- -- symbionts 

Amoeba -- -- -- -- -- -- -- -- -- -- -- -- -- -- ~ -- -- -- -- 

Trematode -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Total Number 0 5 0 0 10 6 3 4 1 -- -- -- 5 0 3 1 0 4 1 -- 1 2 0 1 

*no cobs collated 

three crab: sampled 
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Fig. 26. Bivalve gill . A. N. ponderosa. Large area of necrotic gill filaments (FN) . Note remains of chitinous 
rods and debris . 136X. B. C. virginica. Nematopsis spores (NS) encysted near chitinous rods (cr) . 340X . C. 
A. ovalis. Sporozoa (SP) in epithelium of gill filaments. 340X. D. P. cordata. Amoeba (AM) in connective 
tissue of filament . 340X. 
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Fig. 27 . Crab muscle. A. C. similis. Degeneration (DG) . 136X . B. C. sapidus. Focal aggregation of clumped 
leucocytes (LF). 136X. C. C. similis. Focal aggregation of concentrically arranged leucocytes (LF) . 340X . D. 
C. similis. Focal necrosis (Fly. 136X . 
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Twelve per cent (12 of 98) of the muscle tis-
sues examined contained pyknotic nuclei . Pyknotic nu-
clei stained darkly, were smaller than normal and were 
often misshapen. This condition was limited to small, 
focal areas in eight C. similis, two C. sapidus, and two 
P. gib6esii. 

Focal aggregations of eosinophilic leucocytes 
were present in 6.1 % (6 of 98) of the muscle samples. 
Leucocytes were either randomly clumped (Fig . 27B) or 
concentrically arranged around a core of pyknotic nu-
clei (Fig . 27C) . This condition was found in three C. 
simiGsand three C. sapidus. 

Abnormally high numbers of eosinophilic 
leucocytes were found in 2% (2 of 98) of the muscle 
samples examined . Leucocytes were spread throughout 
the tissues rather than occurring in focal aggregations as 
described above . This condition was found only in C. 
similis. 

Two per cent (2 of 98) of the muscles exam-
ined displayed evidence of focal necrosis (Fig . 27D) . 
This conditon was characterized by the breakdown of 
muscle accompanied by eosinophilic and basophilic de-
bris, granules and leucocytes . Areas of focal necrosis 
were present in one C. similis and one C. sapidus. 

Remains of two deteriorating symbionts were 
present in two C. similis. Debris and eosinophilic leuco-
cytes were present in and around the nearly absorbed 
symbionts . 

Muscle from a single C. similis contained un-
identified amoebae in a large area of muscle liquefac-
tion . Amoebae were subspherical and had a large cen-
tral vacuole which occupied most of the cell and an ec-
centrically placed oval nucleus . 

A trematode metacercaria was incident in the 
muscle of a single C. sapidus. A large area of inflamma-
tion, packed eosinophilic leucocytes and other hemo-
cytes encompassed the metacercaria . 

b. Digestive Gland 
Samples of the digestive glands of 98 individ-

ual crabs were examined . 

(1) Normal Microscopic Features- Crab di-
gestive glands (hepatopancreases) were composed of a 
mass of blunt-ended tubules lined by basophilic colum-
nar and cuboidal cells . The epithelium consisted of ab-
sorptive cells, enzyme secreting cells and storage cells . 
Nuclei were oval to slightly irregular in shape and were 
usually located at the base of the cells. The basement 
membrane was eosinophilic . Some cells contained many 
small vacuoles, while in others (ferment cells) a large va-
cuole occupied most of the cell . Size and shape of the 
tubule lumina varied greatly as did the space between tu-
bules . Connective tissue and hemocytes were found be-
tween tubules . Sections of gonad and gut were some-
times included in digestive gland samples . 

(2) Histopathological Conditions- Histo-
pathologies were noted in 21 % (21 of 100) of the diges-
tive glands examined . There were a total of 30 cases of 
the seven pathology types described below . Twenty of 
the cases (66.6%) were nonsymbiotic . The distribution 
of pathologies among sampling sites is presented in 
Table 22 . 

Fourteen per cent (14 of 100) of the digestive 
glands examined displayed focal aggregates of leuco-
cytes, either arranged concentrically around a small cen-
tral core of pyknotic nuclei or randomly in a clump (Fig. 
28A) . Three of the cases were suggestive of final stages 
of symbiont degeneration and absorption or tubular ne-
crosis . Focal leuco< ;ytoses were present in five C. similis, 
four C. sapidus, two P . spinicarpus, two P. gi66esii and 
one L . nitidus. 

Eosinophilic leucocytes in abnormally high 
numbers were dispersed throughout the digestive gland 
tissues of 4% (4 off 100) of the samples examined (Fig . 
28B) . This condition was massive in a P. spinicarpus 
collected at Site P4 . General leucocytosis was present in 
two C. similis, one C. sapidus and one P . spinicarpus. 

Focal necrosis involving several tubules was 
evident in two C, s.imilis. One case appeared to be exten-
sive. Necrosis was marked by cellular debris and inflam-
mation, groups of eosinophilic leucocytes and other 

TABLE 22. Distribution of pathologies of crab digestive gland among sampling sites. Each site represents 
five samples unless otherwise noted. 

Site 
Pathology P1 P2 P3 P4 S5 S6 S7 S8 S9 S100 S11 " S12 " S13 S14 S15 Slb S17 S18 S19 S20 C21 C22 C23 C24 
Leucocytosis 

~ 1 2 -- __ Z Z 1 l -- -- -- 2 -- -- -- -- 1 
(focal) 

Leucocytosis 
(general) 

Focal -- ~ -- -- -- 1 -- -- -- -- necrosis 

Microbial 
-- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- symbionts 

Nematodes -- -- -- 1 -- 1 -- -- ~ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Sporozoans 1 -- -- -- -- -- -- -- -- -- -- -- ~ -- -- -- -- -- -- -- -- -- -- -- 

Trematodes -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Total Number 1 1 0 2 4 1 0 2 4 -- -- -- 2 2 1 0 0 3 6 -- 0 0 0 1 

-no crabs collected 
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Fig. 28 . Crab digestive gland . A . C. similis . Focal aggregation of leucocytes (LF) between digestive diverti-
cula . 136X. B. P. spinicarpus. Abnormally high number of circulating leucocytes (LG) . 136X . C . C. sapidus . 
Microbial symbionts (SF) in lumen of digestive diverticula (dd) . 340X . D . D. Similis. Nematode (SN) between 
digestive diverticula. Note the absence of a host inflammatory response. 136X . 
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hemocytes along the tubules . Both cases could possibly 
be the final stage of degeneration and absorption of 
large symbionts . 

Four per cent (4 of 100) of the crabs exam-
ined, all C. sapidus, contained microbial symbionts, 
bacteria or fungi, in the digestive tubules (Fig . 28C) . 
The symbionts, in the form of long, segmented fila-
ments, were attached in mass to the wall of the tubules 
at a focal spot . The areas of attachment were devoid of 
the normal hepatocytes . Filaments of the symbionts 
trailed into the lumina . 

Nematode larvae were incident in the diges-
tive glands of 3% (3 of 100) of the crabs examined (Fig . 
28D) . In the infected C. similis and P. spinicarpus, the 
worms were not encysted and elicited no host inflamma-
tory response . The nematode in the L. nitidus was sur-
rounded by a thin connective tissue sheath and encom-
passed by eosinophilic leucocytes. 

Sporozoans were incident in the digestive 
glands of two of the crabs examined . A specimen of 
L. nitidus had sporoblasts of a microsporidian, possibly 
of the genus Thelohania . Each sporoblast contained at 
least six and possibly eight spores . A single sporoblast 
which contained many spores, possibly belonging in the 
microsporidian genus Pleistophora, was found in 
C. similis . 

A trematode metacercaria was encysted in 
the digestive gland of one C. sapidus. A strong host in-
flammatory response was elicited by the parasite . 

c. Gut 
Gut samples from 84 individual crabs were 

examined for histopathologies . The hindgut was usually 
the portion of the gut collected . Portions of the midgut 
and foregut were sometimes included with the digestive 
gland samples . 

(1) Normal Microscopic Features- The tu-
bular hindgut was lined with basophilic columnar and 
cuboidal epithelial cells, each with an ovate, basal nu-
cleus . Peripheral to the epithelium were layers of muscle 
and connective tissue . The hindgut was also lined by a 
thin cuticle . 

crab hindgut samples examined . There were a total of 13 
cases of the five pathologies described below . Sixty-nine 
per cent (9 of 13) of the cases were nonsymbiotic . The 
distribution of hindgut histopathologies among sam-
pling sites is presented in Table 23 . 

Six per cent (S of 84) of the gut samples ex-
amined had abnormally high numbers of eosinophilic 
leucocytes in the connective tissue layer proximal to the 
epithelium (Fig . 29A) . Leucocytes were dispersed rather 
than focally aggregated . This condition was present in 
two C. sapidus, two P. spinicarpusand one C. similis. 

Focal aggregates of eosinophilic leucocytes 
and other hemocytes were present in the connective 
tissue proximal to the epithelium of 4.8% (4 of 84) of 
the samples examined (Fig . 29B) . Aggregates were either 
composed of leucocytes randomly arranged in a clump 
or concentrically arranged around a pyknotic core 
(Fig . 29B) . 

Amoebae were incident in the hindgut lumina 
of 2.4% (2 of 84) of the samples examined . Amoebae, in 
one each of C. similis and P . gi66esii, were spherical to 
subspherical with a single large, spherical eccentric nu-
cleus (Fig . 29C) . 

Trematode metacercariae were encysted in 
the connective tissue of the hindgut in one C. sapidus. 
Metacercariae elicited a light host inflammatory 
response . 

One P. spinicarpus bore gregarine gameto-
cysts in the lumen of its hindgut . 

d. Gonad 
Gonad samples from 71 individual crabs, 

SO males and 21 females, were examined for histo-
pathologies . 

(1) Normal Microscopic Features- Crab 
testes and vas deferentia were slender tubular structures . 
The testes were composed of packed follicles lined with 
basophilic, flattened germinal epithelium and large 
basophilic nutritive cells. Follicles of mature specimens 
were filled with spermatogonia and developing sper-
matocytes . The upper portions of the vas deferentia 
were lined by columnar epithelium . The lumina of ma-
ture specimens were packed by spermatozoa formed 

(2) HistopathologicalConditions-Histopa- into spherical, oval or elongate masses and were sur-
thologies were noted among 11 .9% (10 of 84) of the rounded by eosinophilic secretions of the epithelial cells . 

TABLE 23. Distribution of pathologies of crab hindgut among sampling sites . Each site represents 
five samples unless otherwise noted. 

Site 
Pathology PI P2 P3+ P4+ SS S6+ 57+ 58+ S9+ S10 S11" S12" S13 S14 S15 S16 517 S18+S19+S20" C21+ C22f C23 Cb 

Leucocytosis 1 -- 1 -- -- -- -- -- -- 1 -- -- 2 -- -- -- --(general) 

Leucocytosis 
-- ~ -- ~ -- ~ -- -- -- -- -- -- -- ~ -- -- -- -- -- -- --(focal) -- 

Amoeba -- -- -- -- -- 1 -- ~ -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Trematode -- -- -- -- ~ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- - -

Sporozoan -- -- -- -- -- -- -- ~ -- -- -- -- -- -- -- -- -- -- -- -- -- --

Total Number 0 0 0 0 2 1 2 1 3 -- -- -- 0 0 0 1 1 0 2 -- 0 0 0 0 

;no cobs collected 
ftwo crabs sampled 
three crabs sampled 
+ tour crabs sampled 
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Fig. 29 . Crab gut (A-C) and gonad (D). A. C. sapidus. Abnormally high number of leucocytes in connective 
tissue surrounding gut. 340X. B. P. gibbesii. Focal aggregation of leucocytes (LF) in concentric aggange-
ment . 340X. C. P. gib6esii. Amoeba (AM) in lumen of gut. 340X. D. C. similis. Focal aggregation of leuco-
cytes (LF) between ovarian follicles. 136X. 
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The lower parts of the vas deferentia were lined by col-
umnar or cuboidal epithelium . The lumina were filled 
by spermatophores and secreted fluids . Spermatozoa of 
L. nitidus were basophilic and oval . Spermatozoa of 
P . spinicarpus, P. gibbesii, and C. similis were shaped 
like thick spindles with a large dark basophilic nucleus 
and slender eosinophilic processes . 

Ovaries of developing crabs were com-
posed of numerous follicles lined by flattened epithe-
lium and follicle cells. Follicles were filled with multi-
shaped ova, each with basophilic cytoplasm, a large 
lightly-stained nucleus and a small, dark nucleolus. 
Ovaries of spent crabs were composed of numerous 
thin-walled follicles with a few scattered ova. Spent fol-
licles were filled with eosinophilic fluid . Spaces between 
developing follicles and spent follicles were filled with 
connective tissue and circulating hemocytes. 

(2) Histopathological Conditions- Histopa-
thologies were found in 12.7% (9 of 71) of the gonads 
examined . There were a total of 11 cases of the four 
pathologies described below . Seven of the cases (63.6%) 
were nonsymbiotic . The distribution of gonadal pathol-
ogies among sampling sites is presented in Table 24 . 

Focal aggregates of leucocytes were 
found in 5.6% (4 of 71) of the gonads examined (Fig . 
29D) . Some aggregates were massive . Focal aggregates 
were found in two C. similis and two C. sapidus. 

Abnormally high numbers of (eucocytes 
were spread throughout the gonadal tissue of 4.2% (3 of 
71) of the crabs examined (Fig. 30A) . In one case the 
whole ovary appeared inflamed . General leucocytosis 
occurred in two C. similis and one P . spinicarpus. 

Sporozoans were incident in the gonads 
of 4.2% (3 of 71) of the crabs examined (Fig . 30B) . All 
cases occurred in S . lo6atus . The sporozoans were mi-
crosporidians, possibly of the genus Thelohania. 
Lumina of the gonadal tubules were partially occluded 
by spores . 

(i) Normal Microscopic Features- Green 
glands consisted of a labyrinth of tubules lined by highly 
vacuolated cuboidal cells . Walls of the labyrinth were 
highly folded . The cytoplasm of the epithelial cells were 
eosinophilic . Nuclei were located either in the center or 
near the base of the cells. 

(2) Histopathological Conditions- Histopa-
thologies were found in 43 .2% (35 of 81) of the green 
glands examined . There was a total of 45 cases of the 
four pathologies described below . Forty-three of the 
cases (95 .5%) were nonsymbiotic . The distribution of 
gonadal pathologies among sampling sites is presented 
in Table 25 . 

Abnormally high numbers of eosinophilic 
leucocytes were found throughout the excretory tissue 
of 35.5% (29 of 81) of the crabs examined . This condi-
tion occurred in nineteen C. similis, seven C. sapidus 
and three P. spinicatpus. 

Eleven per cent (9 of 81) of the green glands 
examined contained focal aggregates of eosinophilic 
leucocytes (Fig . 30C) . Some were in loose clumps while 
others were concentrically arranged around a central 
core of pyknotic nuclei . Focal aggregates were found in 
the green glands of five C. sapidus, three C. similis and 
one P. spinicarpus. 

Pyknotic nuclei were present in the green 
glands of 6.2"10 (5 of 81) of the crabs examined . These 
were not associated with a (eucocytic condition as 
above . Three C. similis and two C. sapidus had this 
condition . 

Trematode metacercariae were incident in the 
green glands of 2.5% (2 of 81) of the crabs examined . 
These encysted larvae were present in one C. sapidus 
and one P . gi66esii (Fig . 30D) . 

f. Gill 
Gills from 96 individual crabs were examined 

for histopathologies . 

i ne gonaa or one c. . simms oore a iarvai (1) Normal Microscopic Features- Crab 
nematode . The nematode was not encysted and there gills had a central branchial septum from which numer-
was no evidence of host inflammatory response . ous gill lamellae projected in an alternate arrangement . 

A thin layer of gill epithelium, surrounding hemal si-
c. Excretory Organ nuses, was covered by a thin cuticle. Gill lamellae termi-

Crab excretory organs (green glands) were ex- nated in a bulbous swelling . Hemocytes were present in 
amined from 81 individual crabs. the hemal sinuses. 

TABLE 24 . Distribution of pathologies of crab gonad among sampling sites . 
Each site represents five samples unless otherwise noted . 

Site 

Pathology Pl P2° P3 P4* SSt S6° S7t S8 S9° S10' S11 " S12' S13° Sl4 SIS S16 Sl7 SI8 S19 SIA" C21° C22° C23 C2~ 

Leucocytosis 1 1 -- -- 1 -- -- -- - 1 (focal) 

Leucocytosis 
(general) ~- -- -~ -- -- -- 

Sporozoans 3 -- -- -- -- -- -- -- -- -- -- -- -- --

Nematode -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Total Number 3 0 0 0 1 3 0 0 2 -- -- -- 1 1 0 0 0 0 0 -- 0 -- 0 
:no crabs collated 
"no gonads sampled 
ttwo gonads sampled 
6thra gonads sampled 
+ tour gonads sampled 
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Fig. 30. Crab gonad (A&B) and green gland (C-D). A. C. similis. Abnormally high number of circulating 
leucocytes (arrows) . 340X. B. S. lobatys. Sporozoans (PZ) in lumen of gonadal tubules (gt) . 340X. C. C. sa-
pidus. Focal aggregation of leucocytes (LF) in concentric arrangement. 340X . D. P, gibbesii. Trematode 
metacercaria (ST) . Note cyst wall (cw) . 136X . 

456 



TABLE 25 . Distribution of pathologies of crab green gland among sampling sites . Each site represents 
five samples unless otherwise noted . 

Site 
Pathology P1° P2 P3 P4 SS S S7+ S8+ S S10 SI1 " S12" S13 S14 SIS 516+ S17 S18 S19 S20" C21+ C22 C23 C24° 

Leucocytosis -- -- -- -- 2 1 2 2 1 2 __ 3 4 5 1 5 -- -- 1 
(general) 

Leucocytosis 
-- -- -- - 

1 1 1 -- -- -- -- -- -- 1 -- ~ -- -- 4 - -- -- -- -- 
(focal) 

Pyknotic -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 2 
nuclei 

Trematode -- -- -- -- ~ -- -- ~ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Total Numbers -- 0 0 0 4 2 3 3 1 -- --

-no crabs collected . 
°noexcretory samples . 
three excretory samples. 
+ tour excretory samples . 

(2) Histopathological Conditions- Histo-
pathologies occurred in 38.5% (37 of 96) of the gills ex-
amined . There was a total of 59 cases of the 11 patho-
logies described below . Forty-one of the cases (69.5%) 
were not attributable to symbioses . The distribution of 
pathologies of crab gills among sampling sites is pre-
sented in Table 26 . 

Hyperplasia, an abnormal increase in the 
number of cells in an organ or tissue, was evident in the 
gills of 12.5% (12 of 96) of the crabs examined (Fig . 
31A) . This condition was usually localized in a single 

-- 2 1 3 5 5 4 11 -- U 1 V -- 

lamella but several on each gill would exhibit this condi-
tion . Hyperplasia was accompanied by a slight swelling 
of the affected area and an increase in number of leuco-
cytes, occasionally pyknotic nuclei and granular debris, 
as if the area was becoming necrotic . Ten C. similis and 
two C. sapidushad lamellae with areas of hyperplasia . 

Edematous lamellae were found in 8.3% (8 
or 96) of the crab gills examined (Fig . 31B) . Affected la-
mellae were distended in width and filled with hemo-
lymph . In most, the cuticle separated from the underly-
ing epithelium . This condition was present in three 

TABLE 26 . Distribution of pathologies of crab gills among sampling sites . Each site represents 
five samples unless otherwise noted . 

Site 

Pathology P1 P2 P3A P4+ SS S6 S7 S8 S9 S10' Sll' S12" S13 S14 SIS S16 517+ S18 S19 S20" C21 C22 C23 C24 

Hyperplasia -- -- -- -- ~ -- -- -- -- -- -- -- 1 3 2 3 1 -- ~ -- -- -- -- -- 

Edema ! -- -- -- -- -- -- 3 -- -- -- -- -- - 

Leucocytosis ~ 
-- -- -- ~ -- 1 ~ -- -- -- -- -- 

(focal) 

Leucocytosis 1 -- -- 2 1 -- -- -- -- -- -- -- -- 1 -- -- - 
(general) 

Focal 1 -- -- -- ~ -- 2 1 -- -- -- -- -- -- -- 
necrosis 

Nodule -- -- -- -- -- -- -- -- -- -- ~ -- Z -- 

Deformity - -- 1 -- - -- -- -- -- -- -- -- 

Ciliates -- - -- -- 4 1 -- 2 -- -- -- -- -- -- -- -- -- -- 4 

Nemertines -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- - 5 -- -- -- 

Barnacles -- -- -- -- -- -- -- -- -- -- -- -- - -- -- 

Trematodes -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Total Number 2 0 1 0 7 2 1 8 1 -- -- -- Z a z v z is -- U V V V 

*no crabs collected . 
Athr« dill simples. 
+ four till samples. 
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Fig 31 . Crab gill . A. C. sapidus. Hyperplasia (HP) of a single lamella. 136X . B. P. gib6esii. Edema (EE) of a 
single lamella. Lamella is filled with hemolymph. 136X. C. P. gi66esii. Focal concentration of leucocytes 
(LF) around a pyknotic core . 340X. D. C. similis. Necrotic lamellae and stem . Note inflammation . 136X . 

458 



C. sapidus, three P. gi66esii, one C. similis and one S. 
lobatus. 

Focal aggregates of hemocytes were present 
in the gill stem and lamellae of 7.3% (7 of 96) of the 
crabs examined . Leucocytes were concentrically ar-
ranged around a small eosinophilic core . Pyknotic 
nuclei were often included in the core (Fig . 31 C) . Aggre-
gates occluded the hemal sinuses and in some a slight 
swelling of the lamella at the aggregate was evident. 
This condition was noted in two C. sapidus, two C. sim-
ilis and one each of P. gibbesii, P. spinicarpus, and 
S. lobatus. 

Abnormally high numbers of eosinophilic 
leucocytes were observed in 5.2% (S of 96) of the gills 
examined . Leucocytes were dispersed throughout the 
gills rather than being in aggregates as above . Two 
P. gi66esii and one each of P . spinicarpus, C. similis 
and C. sapidus had general leucocytosis in the gills . 

Necrotic lamellae were found in 5 .3% (S of 
96) of the gills examined (Fig . 31D) . All cases were on 
gills of C. similis. One to three adjacent lamellae were 
involved at each necrotic area . Extent of necrosis varied 
from only the terminal half of a single lamella to the en-
tire lamella and a portion of the gill stem . Necrotic areas 
were highly inflamed (swelling and invasion by leuco-
cytes) and contained some granular debris . The immedi-
ate area was highly eosinophilic and hyperplastic . 
Sloughing of a portion or the entire lamella was evident . 

Nodules (solid microscopic spheres) were 
present in the lamellae of 3 .1% (3 of 96) of the crabs ex-
amined . Nodules were eosinophilic and had no cellular 
structure . They were found only in C. similis. 

Lamellae on the gills of a single P. spinicar-
pus appeared to have been deformed by a foreign object 
pressing against them in life, which could have been an 
external symbiont or a piece of debris . 

Ciliate protozoans were found in 11 .5% (11 
of 96) of the gills examined . Eight C. sapidus, two 
P. gi6besii and one C. similis were infected . Most speci-
mens had light infections of a stalked ciliate, possibly 
Epistylis sp ., which did no apparent harm to the gills . 
Four C, sapidus were also host to a loricate ciliate tenta-
tively indentified as Lagenophrys callinectes, a sessile 
ciliate which lived in attached loricae on the lamellae . 
Heavy numbers of this ciliate appeared to damage the 
gills (Fig. 32A) . 

The nemertine worm Carcinoneonertes carci-
nophila was incident on 5.2% (5 of 96) of the gills exam-
ined (Fig . 32B) . This symbiont was found only on the 
five C. sapidus from Site 519. Worms were found be-
tween lamellae and apparently did no harm to the gills . 

A single C. sapidus from Site S19 bore a 
stalked barnacle, probably Octolasmis muelleri. 

Trematode metacercariae were encysted in 
the gills of one C. sapidus from Site 519. 

g. Heart 
Samples of heart from 92 individual crabs 

were examined for histopathologies . 

(1) Normal Microscopic Features- Crab 
heart was composed of anastomosing striated muscle in-
terrupted by small sinuses . The periphery of the heart 
was surrounded by connective tissue . Large neural cells 
were often included in cardiac sections . 

(2) Histopathological Conditions-Histopa-
thologies occurred in 16.4% (16 of 96) of the crab hearts 
examined . There were a total of 16 cases, all focal aggre-
gates of leucocytes . In six of the hearts, eosinophilic leu-
cocytes and basophilic hemocytes were pressed around a 
central core of pyknotic cells . This type of aggregation 
occupied a small focal spot . In 10 of the hearts, leuco-
cytes and other hemocytes were clumped in a tight mass 
of cells . Included in the clump of hemocytes were pyk-
notic cells and granular debris (Fig . 32C) . Such clumps 
occupied a much larger area than the focal aggregates . 
Aggregation of leucocytes in the heart occurred in four 
C. similis from Site P2, two C. similis from each of Sites 
S18 and C22, one C. similis from each of Sites S6, 513, 
S14, S16 and C21, and three C. sapidus from Site SS . 

h. Other Organs 
The thoracic ganglionic mass was either in-

cluded in cross sections of whole crabs (five L. nitidus 
from Site P4) or dissected out and examined in others 
(five P. spinicarpus from Site P3 and four P, spinicar-
pus from Site C23) . Portions of nerves were included in 
most sections and routinely examined . The only histo-
pathology of nervous tissue observed was invasion of 
the thoracic ganglionic mass by eosinophilic leucocytes 
in one L. nitidus. 

One S. lobatus from Site P1 contained a 
large abnormal mass of cells in the hemoccel posterior 
to the digestive gland (Fig . 32D) . The core was com-
posed of pyknotic cells . Outer cells had normal nuclei 
but no clear form . Compressed connective tissue sur-
rounded the mass . 

Immature nematodes were incident in the 
hemocoe( of one S. /o6atusfrom Site P1 . 

3. Shrimps 
The organs of 80 individuals of three species of 

penaeid shrimps (P. aztecus, P . setiferus, and T, similis) 
were examined for histopathologies . Gross gregarine 
protozoan and/or trypanorhynchan cestode symbioses 
were noted among 7 .5% (6 of 80) of those individuals 
during initial processing . Seventy-nine of the 80 (98 .8%) 
individual shrimps examined and 220 of the 536 (41 .1 %) 
organs examined bore one or more cases of the 20 dif-
ferent types of histopathologies reported below . There 
were 181 cases (52.8%) of histopatho(ogies which were 
various types of symbioses or which were elicited di-
rectly by symbioses (e.g ., inflammation) . One hundred 
and sixty-two cases (47.2%) were not apparently corre-
lated with symbioses . 

The distributions of the histopathologies of 
P. aztecus, T, simili:s, and P . setiferus among sampling 
sites are presented in Tables 27, 28, and 29 . The highest 
mean incidence of nonsymbiotic histopathologies was 
found in P. aztecus (2.3/shrimp) ; the lowest, in T. simi-
lis (1 .1/shrimp) . The ; highest mean incidence of symbi-
otic histopathologies was found in P. setiferus 
(23/shrimp) ; the lowest, in T. similis (1 .2/shrimp) . 
Gills typically bore high incidences of nonsymbiotic 
histopathologies ; while gill, digestive gland, and gut 
samples bore high incidences of symbioses and related 
histopathologies . 

The following observations were made concern-
ing the incidence of histopathologies among sampling 
site types (e.g ., control, primary, and secondary) . Since 
P . setiferus were collected only from one site (secondary 
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Fig . 32 . Crab gill (ABcB), heart (C) and hemoccel (D) . A . C. similis. Heavy concentration of Lagenophrys 
(PC) . 136X. B . C. sapidus. The nemertine C. carcinophila (RY) between lamellae . 86X . C . C. sapidus. Focal 
aggregation of leucocytes (LF) . Note granular debris (GD) . 340X . D . S . lobatus. Abnormal growth (TA) . 
Note compressed connective tissue cells (cc); ovary (ov), digestive diverticula (dd) . 34X. 
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TABLE 27 . Distribution of histopathologies of P . aztecus among sampling sites . 

mean Number of Nons mtwonc i bm oio11c rsisto acnoio yes 
Digestive Other Per 

Site Muscle Gland Gut Gonad Excretory Gill Heart Organs Organism 
Control 
C23 1 .2/0 .2 0.0/0 .4 0.2/1 .0 0.2/0.8 0.0/0 .0 1 .4/1 .2 0.4/0 .0 0.0/0 .0 3.6/3 .4 

Primary 
P2 1 .6/0 .0 0.6/0.8 0.0/0.8 0.0/0.0 0.0/0 .0 2.6/1 .4 0.0/0.0 0.0/0 .0 4.8/3 .0 

Secondary 
S6 0.2/0 .0 0.2/1 .4 0.2/0.4 0.4/0.2 0.0/0 .0 0.4/0 .8 0.4/0.0 0.0/0 .0 1 .8/2.8 
S7 0.2/0 .4 0.4/0.6 0.0/2 .6 0.0/0.8 0.0/0 .2 1 .4/0.8 0.0/0 .0 0.0/0 .0 2.4/5 .0 
S8 1 .0/0 .0 0.0/0.4 0.4/0 .8 0.2/0.2 0.0/0 .3 l .6/0.2 0.0/0 .0 0.0/0 .0 3.2/1 .8 
S9 0.0/0 .0 03/0.8 0.0/1 .2 0.0/0.3 0.0/0 .0 0.4/0.8 0.3/0 .0 0.0/0 .0 0.8/2 .6 
513 0.6/0 .2 0.0/0.4 0.0/0 .0 0.2/0.2 0.2/0 .2 0.4/0 .4 0.2/0 .0 0.0/0 .0 1 .6/1 .4 
S14 0.6/0 .2 0.6/0.4 0.0/0 .0 0.2/0 .0 0.0/0 .0 1 .2/0 .6 0.2/0 .0 0.0/1 .0 2.8/1 .6 
S15 0.0/0 .0 0.4/1 .0 0.4/0 .6 0.0/0 .2 0.0/0 .0 0.5/0 .0 0.3/0 .0 0.0/0 .0 1/4/l .8 
S16 0.0/0 .0 0.0/0.8 0.2/0 .6 0.0/0 .2 0.2/0 .0 0.2/0 .8 0.0/0 .0 0.0/0 .0 0.4/2 .4 
517 0.0/0 .0 0.2/0.8 0.0/0 .8 0.0/0 .0 0.4/0 .0 1 .0/0 .0 0.4/0 .0 0.0/1 .0 2.0/1 .8 

Secondary 
Totals 0.3/0.1 0.2/0 .7 0.1/0 .8 0.1/0 .2 0.1/0 .1 0.8/0 .5 0.2/0 .1 0.0/1 .0 1.8/2 .4 

Total for 
P. aatecus 0.5/0.1 0.2/0 .7 0.1/0 .8 0.1/0 .2 0.1/0.1 1 .0/0 .7 0.2/0 .0 0.0/1 .0 2.3/2 .5 

TABLE 28 . Distribution of histopathologies of T. similisamong sampling sites. 

Mean Number of Nons mbiotic / Symbiotic Histo atholo ies 
Digestive Per 

Site Muscle Gland Gut Gonad Excretor Gill Heart Organism 
Control 
C22 0.6/0 .0 0.0/0 .2 0.0/0 .0 0.4/0.0 0.0/0 .0 0.6/1 .0 0.0/0 .0 1 .6/1 .2 

Primary 
P3 0.6/0.2 0.0/1 .0 0.0/0.0 0.0/0 .0 0.0/0.0 0.6/1 .0 0.0/0.0 1 .2/1 .4 
P4 0.2/0.0 0.0/0.6 0.0/0.8 0.2/0.0 0.0/0.0 0.6/0.8 0.0/0.0 1 .0/2.0 

Primary 
I Total 0.4/0 .1 0.0/0 .7 0.0/0 .4 0.1/0 .0 0.0/0.0 ! 0.6/0 .9 0.0/0.0 1 .1/1 .7 

Secondary 
518 0 .2/0.0 0.4/0 .2 0.0/0 .2 0.0/0 .0 0.5/0.0 0.8/0 .0 0.4/0.0 2.4/0 .2 

Total for 
T.similis 0.4/0.1 0.1/0 .4 0.0/0 .3 0.2/0.0 0.1/0 .0 0.7/0.7 0.1/0.0 1/6.1/2 

TABLE 29 . Distribution of histopathologies of P. setiferus among sampling sites . 

Mean Number of Nonsvmbiotic / Symbiotic Histonatholoaies 
Digestive Per 

Site Muscle Gland Gut Gonad Excretory Gill Heart Organism 
Secondary 

SS 0.4/0.0 0.4/0.8 0.2/1 .2 0.0/0.0 0.0/0.0 0.8/0.8 0.3/0 .0 2.0/2.8 
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Site SS), only P. aztecus and T. similis are discussed . 
The mean incidence of nonsymbiotic histopathologies 
among P, aztecus was highest at primary sites 
(4.8/shrimp) and lowest at secondary sites (1 .8/shrimp) ; 
the mean incidence of symbiotic histopathologies was 
highest at control sites (3 .4/shrimp) and lowest at sec-
ondary sites (2.4/shrimp) . Among T. simi/is, the highest 
mean incidence of nonsymbiotic histopathologies was at 
secondary sites (2 .4/shrimp) ; the lowest, at primary 
sites (I .1/shrimp) . The highest mean incidence of sym-
biotic histopathologies in T. sunt1ts was at primary sites 
(1 .7/shrimp) ; the lowest, at secondary sites 
(0.2/shrimp) . 

A ranking of sampling sites by mean number of 
histopathologies (both nonsymbiotic and symbiotic) is 
presented in Table 30. All three types of sampling sites 
(control, primary, and secondary) were represented in 
the three sites having both the highest and the lowest 
incidences of histopathologies . 

TABLE 30. Ranking of sampling sites by mean number 
of histopathologies per shrimp 

Mean Number of Histopathologies 
Site Species per Shrimp 
P2 P.az[ecus 7 .8 
S7 P. aztecus 7.4 
C23 P. azrecus 7.0 
S8 P. aztecus 5.0 
SS P. setiferus 4.8 
S6 P. aztecus 4.6 
S14 P. aztecus 4.0 
S9 P.aztecus 3.6 
S17 P. aztecus 3.6 
SIS P. aztecus 3.2 
P4 T. sunt1ts 3.0 
S13 P.aztecus 3.0 
SI6 P.aztecus 3.0 
C22 T. sunt1ts 2.8 
P3 T. similis 2.6 
SIS T. sunt1ts 2.6 

a. Muscle 
Muscle samples from 80 individual shrimps 

were examined . Samples were obtained from the first 
abdominal segment and were oriented (when possible) 
to present both transverse and longitudinal sections . 

(1) Normal Microscopic Features- Shrimp 
voluntary muscle displayed pronounced striation in lon-
gitudinal section . The sarcoplasm and its contents were 
acidophilic ; the peripheral nuclei were basophilic . Con-
nective tissue analogues of vertebrate endomysium and 
perimysium were present, and muscle fibers aggregated 
into fascicle-like units . 

(2) Histopathological Conditions- Histopa-
thologies were noted among 35% (28 of 80) of the mus-
cle samples examined . There was a total of 43 cases of 
the eight different types of conditions discussed below . 
The distribution of these histopathologies among sam-
pling sites is presented in Table 31 . 

Twenty-five per cent (20 of 80) of the muscle 
samples analysed displayed evidence of degeneration . 
Individuals of two species, P. aztecus and T. similis, 
possessed this particular condition . In some instances, 
focal areas of musculature were apparently liquefied, 
obscuring the normal orderly substructure of skeletal 
muscle (Fig . 33A) . In other instances normal muscula-
ture graded into a granular material of rather random 
substructure (Fig . 33B) . 

Ten per cent (8 of 80) of the muscle samples 
examined displayed focal aggregations of hemocytes 
(focal leucocytoses) . Individuals of both P. aztecus and 
T. sunt1ts possessed this condition . Various morpho-
types of hemocytes were concentrated in rather discrete 
and compact aggregates (Fig . 33C) . Sections sometimes 
revealed an amorphous core of variable texture and 
staining properties . 

Six per cent (S of 80) of the muscle samples 
studied possessed focal necroses . This condition was 

TABLE 31 . Distribution of histopathologies of shrimp musculature among sampling sites . Each site represents 
S muscle samples unless otherwise noted . 

Site 
Pathology Pl' P2 P3 P4 SS S6 S7 SS S9 S10' S11' S12" S13 S14 S15 S16 S17 S18 S t9' S20" C21 " C22 C23 C24" 

Degeneration -- 4 3 -- -- 1 1 1 -- -- -- -- 3 -- -- -- -- -- -- -- -- 3 4 -- 

LeucocYtosis 2 -- 1 -- -- -- 1 -- -- -- -- - 2 -- -- -- -- -- -- -- -- Z (focal) 

Focal 
necrosis 

Pigment -- -- -- -- ~ -- -- ~ -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- 

Leucocytosis 
(general) 

Ciliates -- -- -- -- -- -- -- -- -- -- -- -- ~ -- -- -- -- -- -- -- -- -- - -- 

Unidentified 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- Protozoan 

Nematodes -- -- -- -- -- -- 2 -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- 

Total Number -- 8 4 1 2 1 3 5 0 -- -- -- 4 4 0 0 0 1 -- -- -- 3 7 --

*no shrimp collected . 
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Fig. 33 . Shrimp musculature. A. P. aztecus. Liquefactive degeneration (DG). 340X. B . P . aztecus. Granular 
degeneration (DG) . 340X . C . P. aztecus. Focal aggregations of hemocytes (arrows) . 340X. D . P . setiferus. 
Focal necrosis (FN) . 340X . 
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incident in all three of the shrimp species studied . Most 
cases displayed areas of heavy liquefaction accom-
panied by the possession of basophilic fibers and/or 
amorphous masses, pyknotic nuclei, accumulations of 
brown pigment, and debris (Fig . 33D) . 

Accumulations of pigments were observed in 
4% (3 of 80) of the muscle samples analyzed . Individ-
uals of both P. aztecus and P . setiferus possessed this 
condition . As mentioned above, concentrations of pig-
ments often accompanied focal necroses . In one case, a 
mass of blackish-brown pigment occurred in the con-
nective tissue immediately peripheral to striated muscu-
lature (Fig. 34A) . 

An abnormally high concentration of hemo-
cytes (general leucocytosis) was evident in the muscula-
ture of one P. aztecus (Fig . 34B) . In this particular case, 
the hemocytes were distributed rather evenly through-
out the tissues rather than displaying the focal distribu-
tion described above. 

Three types of symbioses were observed in 
shrimp musculature . Unidentified protozoans were 
found in one P . aztecus and in one T. similis, a ciliate, 
in one P. aztecus, and nematodes, in three P. aztecus. 
The nematode encountered appeared to be an anisakid, 
probably of the genus Thynnascaris. 

6. Digestive Gland 
Samples of the digestive glands of 75 individ-

ual shrimps were examined . 

(1) Normal Microscopic Features- Shrimp 
digestive glands (hepatopancreases) were composed of 
multitudes of blind tubules . The tubules themselves 
were constructed of columnar and cubo-columnar, 
basophilic cells and vacuolated ferment cells . The pow-
erful enzymes elaborated by the digestive gland often ef-
fected considerable autolysis, especially near the center 
of the organ . Sections of the gastric mill and the gonads 
were commonly included in digestive gland samples . 

(2) Histopathological Conditions- Histopa-
thologies were noted among 57% (43 of 75) of the diges-
tive gland samples examined . There was a total of 65 
cases of the 12 types of histopathologies discussed 
below . The distribution of these histopathologies 
among sampling sites is presented in Table 32. 

Eleven per cent (8 of 75) of the hepatopan-
creas samples collected displayed focal aggregations of 
hemocytes (focal leucceytoses) (Fig . 34C) . Individuals 
of all three shrimp species possessed this condition. 
The nature and appearance of these aggregations in di-
gestive gland samples were similar to those observed in 
the musculature. 

Five per cent (4 of 75) of the hepatopancreas 
samples analyzed displayed evidence of degeneration . 
This condition was incident in all three of the shrimp 
species studied . Two cases of degeneration were associ-
ated with cyst formation, and another case was associ-
ated with a microbial symbiosis (all described below) . 
The fourth case apparently represented the initial stages 

TABLE 32 . Distribution of histopathologies of shrimp digestive glands among sampling sites . Each site represents 
S digestive gland samples unless otherwise noted . 

Site 
Pathology PI' P2 P3A P4 SS S6 S7 S8 S9 S10-S11" S12' S13 St4 S15 S16 S17 SI8 S19" S20" C21" C22 C23 C24" 

Leucocytosis g -- ~ ~ -- -- -- -- -- -- -- ~ -- -- -- ~ -- -- -- -- -- -- (focal) 

Degeneration -- -- -- -- ~ -- ~ -- -- -- -- -- -- -- -- -- ~ ~ -- -- -- -- -- -- 

Leucotytosis -- -- -- -- -- - -- (general) 

Cysts -- -- -- -- -- -- ~ -- ~ -- 

Pyknosis -- -- -- -- ~ -- -- -- -- -- -- -- - -- 

Cestodes -- 2 I 2 1 2 1 - I -- -- -- I I -- z -- 1 - - -- -- I -- -- 

Nematodes -- -- -- 1 -- 2 2 2 I -- -- -- -- -- 2 I -- -- -- -- -- -- -- 

Degenerating ~ -- ~ ~ -- 1 -- ~ - -- -- Z -- -- -- -- -- 2 -- helminths 

Microbes -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 -- 1 -- -- -- -- -- -- -- 

Trematodes -- -- -- -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Inflammation -- 1 -- -- I I -- -- -- -- -- -- -- 1 -- 1 -- -- -- -- -- -- -- -- 

Pigment -- -- -- -- -- -- -- -- -- -- -- -- -- -- ~ -- -- -- -- -- -- -- - -- 

-- 2 5 7 4 5 3 -- -- -- 1 2 --Total Number -- 7 I 3 6 8 5 2 4 -- -- 
-no shrimp collected . 
done digestive gland sample. 
+ four digestive gland samples. 
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Fig. 34. Shrimp musculature (ABcB) and digestive gland (CBcD) . A. P. aztecus. Accumulation of pigment 
(arrow) in perimuscular connective tissue. 340X . B. P. aztecus. High concentration of circulating hemocytes. 
340X . C. P. aztecus. Focal aggregation of hemocytes (LF) . 340X. D. P. aztecus. High concentration of circu-
lating hemocytes especially eosinophilic granular hemocytes (arrow). 340X . 
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of liquefactive necrosis, displaying considerable diminu-
tion of both cytoplasmic and nuclear detail . 

Abnormally high concentrations of 
hemocytes (general leucocytoses) were evident in the di-
gestive glands of 4% (3 of 75) of the samples studied . 
This type of histopathology was observed only among 
P. aztecus. Various morphotypes of hemocytes were 
concentrated in the inter-tubular sinuses, but the con-
centration of eosinophilic granular hemocytes was par-
ticularly obvious (Fig . 34D) . In these cases, hemocytes 
appeared to be freely circulating rather than to be aggre-
gated into organized foci . 

Cysts occurred in the digestive glands of two 
P. aztecus. The cyst periphery was composed of lightly 
basophilic fibers; the lining, of yellow, refringent fibers 
(Fig . 35A) . There was a capacious central lumen hous-
ing lightly-stained, amorphous contents . 

The digestive gland of one P. setiferus was 
considerably pyknotic . The entire organ was autolysed 
to an advanced degree ; and pyknotic areas occurred not 
only near the periphery, but also near the center . 

Four types of symbioses occurred in shrimp 
hepatopancreases . Larval trypanorhynchan cestodes 
(Fig . 35B) were incident in 21% (16 of 75) of the sam-
ples analyzed, being present in ten P. aztecus, five T. 
similis, and one P . setiferus . Immature nematodes (Fig . 
35C) were incident in 15% (11 of 75) of the samples ex-
amined . They were observed in ten P . aztecus 
and in one T. similis. Degenerating or moribund hel-
minths (Fig . 35D) were found in 12% (9 of 75) of the 
samples . They were incident in eight P . aztecus and in 
one P. setiferus . These helminths, probably trypanor-
hynchs, were in varying stages of degeneration or necro-
sis and were often surrounded by evidence of strong 
host-inflammatory response . Microbial symbioses were 
incident in 5% (4 of 75) of the hepatopancreas samples, 
being present only in P . aztecus. These symbionts 
appeared as basophilic filaments and were associated 
in one case with a focal degeneration (Fig . 36A) . One 
P. aztecus bore a single trematode symbiont in its hepa-
topancreas (Fig . 36B) . 

Seven per cent (5 of 75) of the digestive 
glands studied bore evidences of host inflammatory re-
sponses . These inflammations occurred in both P . azte-
cus and P. setiferus and were associated with trypanor-
hynch symbioses or degenerating or moribund helmin-
thic symbioses . The nature of the response varied from 
hemocytic infiltration to the construction of elaborate 
connective tissue walls (Fig . 35D) . One case of a massive 
accumulation of pigment was associated with a nema-
tode symbioses in P. aztecus. 

c . Gut 
Gut samples from 76 individual shrimps were 

examined for histopathologies . The portion of mesen-
teron (midgut) which transverses the first one or two ab-
dominal segments was excised, as were the rectum and 
rectal gland . Sections of the gastric mill and other parts 
of the foregut (stomodaeum) were often obtained with 
digestive gland samples . 

(1) Normal Microscopic Features-The 
mesenteron was lined with a moderately basophilic, col-
umnar epithelium . In certain regions strongly acido-
philic unicellular exocrine glands were interspersed be-
tween the columnar cells . Peripheral to the epithelium 

were layers of muscle and connective tissue . The rectal 
gland was a sinuous labyrinth lined with an intensely ba-
sophilic epithelium . Acidophilic and vacuolated unicel-
lular glands were also present in this epithelium . The 
rectal plicae were glandular in nature . The thin cuticular 
lining of this portion of the proctodaeum (hindgut) was 
sometimes evident as was intrinsic striated musculature. 
Gut samples from sexually mature shrimps often in-
cluded sections of the abdominal lobes of the gonads . 

(2) Histopathological Conditions- Histopa-
thologies were noted among 55% (42 of 76) of the gut 
samples examined . There was a total of 62 cases of the 
11 types of histopathologies discussed below . The distri-
bution of these histopathologies among sampling sites is 
presented in Table 33 . 

Eight per cent (6 of 76) of the gut samples 
studied displayed focal aggregates of hemocytes . This 
condition was observed in both P. aztecus and P. setife-
rus. These aggregates were found only in sections of rec-
tum (Fig . 36C) and rectal gland . Two cases of this con-
dition were associated with host inflammatory response 
to gregarine symbioses . 

Seven per cent (5 of 76) of the gut samples ex-
amined possessed abnormally high concentrations of 
hemocytes . This condition was observed only among 
P. aztecus. Two cases were peripherally associated with 
host inflammatory responses to gregarine symbioses . 
Three cases could not be directly correlated with sym-
bioses . Two of these were particularly interesting be-
cause of the extremely high concentrations of eosino-
philic granular hemocytes in the mesenteric muscularis 
(Fig . 36D) . 

The rectum of one P. aztecus bore necrotic 
areas of an amorphous basophilic coagulum (Fig. 37A) . 

Seven types of symbioses were observed in 
gut samples . Gregarine trophozoites were found in the 
foregut of one P. aztecus (Fig . 37B) . Gregarine gameto-
cysts were found in 42% (32 of 76) of the shrimp recta 
examined, being present in 26 P. aztecus, five P. seti-
ferus, and one T. similis (Fig . 38B) . One of each of the 
following protozoans was observed among the mesen-
teric samples from P. aztecus an amoeba (Fig . 37C), a 
ciliate, and an unidentified protozoan . Lecanicephalids 
were found in 5% (4 of 76) of the mesenterons studied 
(Fig . 3'lD) . They were distributed among three T. similis 
and one P . aztecus. Immature nematodes were observed 
in 5% (4 of 76) of the gut samples collected . They were 
incident exclusively in P. aztecus, with two associated 
with the foregut and two associated with the rectal 
gland . Larval helminths, probably cyclophyllidean ces-
todes, were incident in 4% (3 of 76) of the gut samples 
studied . They infected the rectal glands of P. aztecus 
(Fig . 38A) . 

Four per cent (3 of 76) of the recta examined 
bore evidence of inflammatory responses to symbioses . 
All affected individuals were P . aztecus. These re-
sponses appeared to be most closely associated with gre-
garine gametocysts (Fig . 38B) . 

d. Gonad 
Gonad samples from 74 individual shrimps 

were examined for histopathologies . Samples were ac-
quired from the area ventral to the heart and dorsal to 
the digestive gland . Gonads also often accompanied gut 
and hepatopancreas samples taken from sexually ma-
ture shrimp . 
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Fig. 35 . Shrimp digestive gland. A. P. aztecus. Cyst (CE). 340X . B. P. aztecus. Trypanorhynchid cestode 
symbiosis (SC) accompanied by inflammatory response (IF) . 136X . C. P. aztecus. Nematode symbiosis (SN) 
accompanied by an accumulation of pigment (arrow). 136X . D. P. aztecus. Degenerating helminth (SD) ac-
companied by inflammatory response (IF) . 136X . 
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Fig. 36 . Shrimp digestive gland (ABcB) and gut (C&D). A. P. aztecus. Microbial symbiosis (arrow) associated 
with focal degeneration (DG). 340X. B. P. azrecus. Trematode symbiosis (ST) . 136X . C. P. aztecus. Focal 
aggregations of hemocytes (LF) in rectum. 340X. D. P. azrecus. High concentration of hemocytes, especially 
eosinophilic granular hemocytes (arrow), in mesenteric muscularis. 340X. 
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Fig. 37 . Shrimp gut. A. P. aztecus. Necrotic mass (FN) in rectum . 136X . B. P. aztecus. Gregarine trophozoite 
(SG) in lumen of stomach. 340X. C. P. aztecus. Amoeba (AM) in mesenteric lumen. 340X. D. T. similis. 
Lxonicephalids (SC) attached to mesenteric mucosa. 340X . 
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Fig. 38 . Shrimp gut (A&B) and gonad (C&D). A. P. aztecus. Larval helminth (SH) in rectal gland. 136X . B. 
P. aztecus. Inflammatory response (IF) associated with gregarine gametocysts (SG) in rectum. 340X. C. T. 
similis . Focal aggregation of hemocytes (LF) in ovary, 340X. D. P. aztecus. High concentration of circulating 
hemocytes (arrow) in ovary. 340X. 

470 



TABLE 33 . Distribution of histopathologies of shrimp gut samples among sampling sites. Each site represents 
S gut samples unless otherwise noted. 

Site 

Pathology P1" P2 P3° P4+ SS 56 S7 S8 59 SIO" S11'I S 12" S13 S14 SIS S16 S17 S18 S19" S20" C21 " C22+ C23 C24" 

Leucocytosis 
-- -- -- -- Z -- > > -- -- -- -- -- -- ~ -- -- -- -- -- -- 

-- (focal) 

Leucocytosis 1 1 I -- -- -- -- -- -- ~ -- 
(general) 

Necrosis -- -- -- -- -- -- -- -- -- -- -- I -- -- -- 

Gregarines -- 2 -- -- 5 I 5 3 3 -- -- -- -- -- 3 3 3 1 -- -- -- -- 4 -- 

Amoeba -- -- -- -- -- -- -- -- I -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Ciliates -- -- -- -- -- ~ -- -- - -- -' 

Unidentified 
protozoan 

Lecanicephalids 1 __ 3 

Nematodes -- -- -- -- -- -- 3 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Helminth -- -- -- -- ~ -- ~ -- -- -- -- -- -- -- -- -- -- -- -- -- 
larvae 

Inflammation -- -- -- -- -- -- Z 1 -- -- -- -- -- ° -- -- -- -- -- -- -- -- -- -- 

Total Number -- 4 0 3 7 3 13 6 6 -- -- -- 0 0 5 4 4 1 -- -- -- O 6 -- 

'no shrimp collected . 
three gut samples . 
four gut samples. 

(1) Normal Microscopic Features- Shrimp 
testes were tubular . The testes and vas deferentia exam-
ined contained all stages of developing gametes (sper-
matogonia, primary and secondary spermatocytes, sper-
matids, and spermatozoa) and follicle or nurse cells . 
Shrimp ovaries were lobular with the lobules often sepa-
rated by connective tissue partitions . The ovaries exam-
ined displayed a full range of development . The baso-
philic staining properties of undeveloped and developed 
ova were noted as was the progressive change towards 
acidophilic staining in ripe ova . Rod-shaped peripheral 
bodies were present in the ova which were ripe . Nurse or 
follicle cells also attended these gametes . 

There were two cases of focal necrosis ob-
served in shrimp gonads, one from P. aztecus and one 
from T. similis. These cases were characterized by lique-
faction and accumulation of debris (Fig . 39A) . 

One case of host inflammatory response was 
noted in P. aztecus. There was a considerable accumula-
tion of hemocytes and an advanced elaboration of con-
nective tissue associated with a nematode symbiosis. 

Three types of symbioses were observed in 
gonad samples . Immature nematodes infected 14% 
(10 of 75) of the samples . They occurred exclusively in 
P . aztecus (Fig . 39B) . A larval trematode and a larval 
trypanorhynch each infected a single P . aztecus . 

(Z) HistopathologicalConditions-Histopa-
thologies were found among 26% (19 of 74) of the 
gonad samples examined . There were a total of 23 cases 
of the eight types of histopathologies discussed below . 
The distribution of these histopathologies among sam-
pling sites is presented in Table 34 . 

Five per cent (4 of 74) of the gonads analyzed 
possessed focal aggregates of hemocytes (Fig . 38C) . 
This condition was incident in both P. aztecus and 
T. similis and was associated, in one case, with the pe-
riphery of a host inflammatory response to nematode 
symbioses . 

There were two cases of degeneration among 
gonad samples, their incidence being confined to P . az-
tecus. These cases included areas of liquefaction and 
foci of pyknosis . 

Abnormally high concentrations of hemo-
cytes were found in the gonads of two P. aztecus (Fig . 
38D) . The large numbers of eosinophilic granular cells 
were particularly noticeable . 

e. Excretory Organ 
Samples of the excretory organs (antennal 

glands) from 74 individual shrimps were examined for 
histopathologies . Since this organ is grossly indistinct, 
midsagittal sections of the anterior cephalothorax were 
taken to insure sample acquisition . 

(1) Normal Microscopic Features-Excre-
tory organs were tubular, being constructed of simple, 
cuboidal epithelium . Many of the cuboidal cells of this 
tissue were ruptured . This may have occurred during 
fixation . However, these organs were still suitable for 
histopathological study . 

(2) Histopathological Conditions- Histopa-
thologies were observed among 10% (7 of 74) of the ex-
cretory organs collected . There were a total of nine cases 
of the four types discussed below . The distribution of 
these histopathologies among sampling sites is presented 
in Table 35 . 

Focal aggregates of hemocytes were noted in 
5% (4 of 75) of the green glands examined (Fig . 39C) . 
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Fig. 39 . Shrimp gonad (A&B) and excretory organ (C&D). A. T. similis. Focal necrosis (FN) in ovary. 340X. 
B. P. aztecus. Inflammatory response (IF) associated with a nematode symbioses (SIB. 136X . C. T. similis. 
Focal aggregation of hemocytes (L17). 340X. D. T. similis . High concentration of hemocytes (arrow). 340X. 
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TABLE 34. Distribution of histopathologies of shrimp gonads among sampling sites . Each site represents 
S gonad samples unless otherwise noted. 

Site 
Pathology P1 " P2 P3 P4 SS S6 S7 SS S9+ S10 S11' S12" S13 SI4 SIS S16 S17 S18 S19" S20" C21 " C22 C23 C24' 

Leucocytosis 
-- -- -- 

1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 2 
-- (focal) 

Degeneration -- -- -- -- -- Z -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Leucocytosis 
-- (general) 

Focal -- 1 -- -- -- -- -- -- -- -- -- -- - -- -- 1 -- necrosis 

Inflammation -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ~ -- 

Nematodes -- -- -- -- -- 1 3 1 1 -- -- -- 1 -- 1 -- -- -- -- -- -- -- 2 -- 

Cestodes -- -- -- -- -- -- -- ° -- -- -- -- -- -- -- 1 -- -- -- -- -- -- -- -- 

Trematodes -- -- -- -- -- -- ~ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 
Total Number -- 0 0 1 0 3 4 2 1 -- -- -- 2 1 1 1 0 0 -- -- -- 2 5 

;no shrimp collected. 
ftwo gonad samples. 
ethree gonad samples. 

tour gonad samples. 

TABLE 35 . Distribution of histopathologies of shrimp excretory samples among sampling sites. Each site represents 
S excretory samples unless otherwise noted . 

Site 

Pathology PI* P2 P3 P4 SS S6 S7 S8 S9 S10 SI1" S12" S13 S14 S15 S16 S17 SIB+ S19" S20" C21' C22 C23 C24 

Leucocytosis 
(focal) 

Leucocytosis -- -- -- -- -- -- -- -- -- -- -- -- ~ -- -- -- -- 1 -- -- -- -- -- --

Nematodes -- -- -- -- -- -- 1 ~ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Unidentified 
-- -- -- 1 -- -- helminth -- -- -- -- ~~ ~- -~ -- -- -- --

Total Number -- 0 0 0 0 0 1 1 0 -- -- - 2 0 0 1 2 2 

-no shrimp collected . 
+ four excretory samples. 
three excretory samples. 
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This condition was observed in both P . aztecus and T. 
similis . 

High concentrations of hemocytes were ob-
served in one P . aztecus and one T. similis (Fig . 39D) . 
These were basophilic hemocytes in the latter . 

Two types of symbioses were found in excre-
tory organs . Immature nematodes infected two P . azte-
cus, and an unidentified helminth infected one P. azte-
cus. 

f. Gill 
Samples of dills to be 6istologically analyzed 

were collected from 79 individual shrimps . Gills were 
oriented (when possible) so as to present sections both 
parallel and perpendicular to the gill axis . 

(1) Normal Microscopic Features- Shrimp 
gills possessed a central axis (branchial septum or ra-
chis) from which numerous lamellae projected in a pin-
nate and opposite arrangement . The branchial epithe-
lium was covered with a thin cuticle . Both lamellae and 
branchial septa had capacious hemal sinuses . 

(2) Histopathological Conditions- Histopa-
tholo=ies were observed in 84% (66 of 79) of the gill 
samples analyzed . There were a total of 125 cases of the 
nine types of histopatholofies discussed below . The dis-
tribution of these histopathologies among sampling sites 
is presented in Table 36 . 

Focal aggregates of hemocytes were found in 
37% (29 of 79) of the gill samples collected . This condi-
tion occurred among all three shrimp species (Fig . 40A) . 
These aggregates were often associated with accumula-
tions of pigments (Fig . 40B), focal necroses and infesta-
tions of peritrichous ciliates . 

Accumulations of pigments were noted in 
25% (20 of 79) of the gill samples examined (Fig. 40B) . 
This condition was incident in all shrimp species studied 
and often occurred concomitantly with focal hemocy-
toses and focal necroses . The pigments observed were 
dark brown on slides prepared in a hemotoxylin/eosin 
series . 

Focal necroses were observed in 22% (17 of 
79) of the gill samples, being present in all three of the 
shrimp species collected (Fig . 40C) . These necroses were 
often accompanied by focal aggregates of hemocytes 
and accumulations of pigment . 

Abnormally high concentrations of hemo-
cytes were found in 4% (3 of 79) of the gill samples ex-
amined . This condition was incident in both P. aztecus 
and P. setiferus. 

Degeneration was observed in 4% (3 of 79) of 
the gill samples analyzed, being incident in P, aztecus 
and T. similis. These particular gills were apparently in 
the initial stages of liquefaction, and the cytoplasm of 
the respiratory epithelium stained unevenly producing a 
mottled appearance . 

Four types of symbioses were noted among 
gill samples . Infestations of peritrichous ciliates were 
incident in 58% (46 of 79) samples (Fig . 40D) . They 
were found among 28 P, aztecus, 14 T. similis, and four 
P. setiferus. Unidentified protozoa were observed in 
five P . aztecus. One unidentified ectosymbiont and one 
unidentified helminth were each found in P, aztecus . 

g. Heart 
Heart samples from 75 individual shrimps 

were examined for histopathologies . Even though the 
heart was not a contractually required organ, cardiac 

TABLE 36 . Distribution of histopathologies of shrimp gills among sampling sites . Each site represents 
S gill samples unless otherwise noted. 

Site 

Pathology PI* P2 P3 P4 SS S6 S7 S8 S9 S10" S11 " S12" S13 S14 SI3+ S1 6S17 S18 S19" S20" C21" C22 C23 C24" 

Leucocytosis 5 1 2 1 1 3 2 -- -- -- -- 1 5 2 -- 1 3 -- -- -- 1 1 (focaq 

Pigment -- 4 1 -- 1 -- 2 2 I -- -- -- 1 1 -- 1 2 -- -- -- -- 1 3 --

Focal __ 4 1 1 1 -- 1 4 1 -- -- -- -- -- -- -- -- -- -- -- - 
necrosis 

Leucocytesis 
(General) -~ -- -- 

Degeneration -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Z 1 -- -- -- -- -- --

Peritrichs -- 5 5 4 4 4 3 1 4 -- -- -- 2 2 -- 2 -- -- -- -- -- 5 5 --

Unidentified 2 -- -- -- -- 1 -- -- -- -- -- -- -- -- 1 -- -- -- -- -- --protozoans 

Unidentified 
Ectosymbiont 

Unidentified 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1 -- -- --helminth 

Total Number -- 20 8 7 8 6 11 9 6 -- -- -- 4 9 2 5 5 4 -- -- -- 8 13 --

*no shrimp collected . 
+ tour gill samples . 
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Fig. 40 . Shrimp gill . A. P. aztecus. Focal aggregation of hemocytes (LF) associated with a ciliate (PC). 340X. 
B P. aztecus. Pigment accumulation (PA) associated with a focal aggregation of hemocytes (LF) . 340X. C. P. 
aztecus. Focal necrosis . 136X . D. P. aztecus. Infestation of peritrichous ciliates (arrows) . 340X. 
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analyses were included to broaden the histological char-
acterization of the decapods collected. 

(1) Normal Microscopic Features- The 
myocardium was composed of an anastomosis of stri-
ated muscle surrounded by a connective tissue sheath 
analagous to vertebrate visceral pericardium . Intrin-
sic neural structures were often included in cardiac 
sections . 

(2) Histopathological Conditions- Histopa-
thologies were observed among 16% (12 of 75) of the 
hearts examined . There was a total of 13 cases of the 
five types of histopathologies discussed below . The dis-
tribution of these histopathologies among sampling sites 
is presented in Table 37 . 

Focal aggregates of hemocytes were found in 
9% (7 of 75) of the hearts examined (Fig . 41A) . This 
condition was incident in both P . aztecus and T. similis. 

Cysts were present in the hearts of one P. az-
tecus and one P. setiferus. These were relatively thin 
walled and were incident in the pericardial connective 
tissue (Fig . 41 B) . The etiology of these cysts is un-
known. 

The hearts of two P, aztecus displayed ab-
normally high concentrations of hemocytes. A focal 

necrosis was present in the heart of a single P. aztecus 
(Fig . 41C) . Tubercle-like growths were observed in the 
heart of one P. aztecus. Constituent cells of the growth 
had intensly basophilic nuclei and intensly eosinophilic 
cytoplasm and were arranged in concentric patterns 
(Fig. 41D) . There appeared to be degenerate or necrotic 
areas in the foci of these concentric patterns . High con-
centrations of hemocytes were present at the periphery 
of these growths. 

h . Other Organs 
As referred to above, organs, tissues, and 

structures other than those contractually required were 
included in histopathological sections . Observations 
were recorded from these concomitantly with the analy-
ses of required organs . As previously mentioned, sec-
tions of the ventral nerve chord were common among 
muscle samples . Sections of major cephalic nervous 
structures were present in all of the sagittal sections 
prepared for analysis of excretory organs . Thus, obser-
vations were made on nervous tissues of most shrimps 
collected . Only two cases of histopathologies were 
found among the tissues so examined . Immature nema-
todes were incident in the hemoccels of two P. aztecus, 
and a larval trematode occurred in the perineural con-
nective tissue of one P. aztecus. 

TABLE 37 . Distribution of histopathologies of shrimp hearts among sampling sites. Each site represents 
S cardiac samples unless otherwise noted. 

Site 
Pathology 

Leacocytosis 
(focal) 

Cysts -- ~ -- ~ -- ~ -- ~ ~ ~ ~ ~ -- ~ -- ~ -- ~ -- 

Leucocytosis 
(grneral) 

Focal 
necrosis 

Tubercle -- -- -- -- -- -- -- -- -- --

Total Number -- 0 0 0 I 2 0 0 1 -- --

" no shrimp collected . 
three cardiac samples. 
+ four cardiac samples. 

PI " P2 P3 P4SSt S6 S7 $8S9t S10' Sll-IS 12" S13 S14 SIS- I S 16 S17 $I8 S19' C22° C23 C24' 

- I -- I -- I -- I I I -- I -- I I I -- I -- I -- I 1 I -- I 1 I -- I -- 1 2 I -- I -- I -- I -- I I I -- 

-- I -- I -- I -- I -- I -- I -- I -- I -- I -- I -- I -- I -- I -- I -- I -- I 2 I -- I -- I -- I -- I -- I -- I -- 

-- -- -- -- -- -- -- -- -- -- -- . -- . -- . -- . -- . -- . -- . -- . -- . -- . -- . -- . 
__ I __ I I I __ I __ I __ I __ I __ I __ I __ I __ I __ I __ 

-- 1 I 1 0 2 2 -- -- -- 0 2 -- 
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Fig. 41 . Shrimp heart. A. P. aztecus. Focal aggregate of hemocytes (arrow). 340X. B. P. setiferus. Cyst (CE) 
in pericardial connective tissue . 340X. C. P. aztecus. Focal necrosis (FN) . 136X. D. P. aztecus. Tubeclo-like 
growths. 340X . 
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V. DISCUSSION 

A. Vertebrates 
The study design did not permit an ideal comparison 

between control and platform sites. Platforms act as an 
artificial reef habitat which in most instances attracts 
different species than the control sites without a plat-
form . The unavailablity of the same benthic species at 
all sites necessitated the use of alternate sampling tech-
niques at the platforms . This resulted in a variety of spe-
cies being obtained from the different sites . The varia-
bility of species at all sites was compounded by cruises 
being taken during different seasons . Primary platform 
and control sites were sampled in the spring and second-
ary platform sites were sampled in the summer . The cri-
teria for making comparisons are further complicated 
by the marked variation among the platforms and in 
their production practices . While the variability of spe-
cies made it impossible to do statistical analysis, com-
parisons can be made between histopathological condi-
tions in organs . It must be kept in mind that the aver-
ages of all species examined may not be representative 
of a given species . 

Platform Sites P1, S I1, and S6, strongly implicated 
as contaminated by hydrocarbons (Nulton et al ., 1980) 
and/or trace metals (Tillery and Windom, 1980), oc-
curred among the top six in total number of histopatho-
logical conditions (Table 38) . All eight of the platform 
sites which ranked high in histopathological conditions 
(Table 39) were located in the eastern part of the study 
area (Fig . 42) and had spadefish as one of the species 
sampled (Table 39) . Two of these eight platform sites 
(510, S12) ranked low in effects of hydrocarbons (Table 
39) and were "probably not" affected by trace metals . 

TABLE 38 . Ranking of collecting sites, based on the 
species and their average number of conditions 

per fish specimen . 

Average Number 
Site - Species I of Conditions 
P1 - W+X =19.5 
S20 - W + X = 18 .5 
S10 - W+X =17.0 
S11 - W+X =16.7 
S12 - W+X =16.3 
S6 - A+X =15.1 
S13 - A+X =15.0 
SS - A+X =14.8 
P3 - C+S =14.0 
515 - B +H =14.0 
517 - B+H =13 .5 
S19 - M+X =13 .3 
S18 - C+X =13 .1 
P4 - S+T =12.7 
P2 - A+M =12.6 
SS - A+M =12.1 
S9 - A + B = 11 .2 
C21 - A+M =11 .0 
514 - T + X = 70.9 
C24 - D+M = 9.7 
516 - H+T = 8.7 
C23 - S + H = 8.2 
S7 - B+T = 6.7 
C22 - P + 0 = 6.5 

Refer to Table 1 for explanation of code 

The four control sites (C21, C22, C23, C24) oc-
curred among the bottom seven in number of histopa-
thological conditions (Table 38). All four ranked me-
dium in effects of hydrocarbons (Table 39) and were 
"possibly" affected by trace metals . Three were located 
in the eastern and one in the western part of the study 
area (Fig . 42) . Spadefish were not among the species 
sampled. 

Two platform sites (516, S7) which occurred among 
the bottom four in number of histopathological condi-
tions (Table 38) ranked high in effects of hydrocarbons 
(Table 39) . Site S7, "probably" affected by trace met-
als, was located in the eastern part of the study area and 
Site S16, "possibly" affected by trace metals, was lo-
cated in the western part of the study area (Fig . 42) . 

In assessing the disparate information on the plat-
form sites which ranked high in histopathological condi-
tions, one must consider the fish species which showed 
the highest levels of histopathological conditions . Dur-
ing this study, the spadefish consistently had a high level 
of histopathologies . This may be due to the fact that the 
spadefish lives most of its adult life in association with a 
structure such as a production platform, or it may re-
flect a natural proclivity of this schooling species to 
acquire parasites and disease conditions . 

All of the sites high in histopathological conditions 
were located in the eastern part of the study area, and all 
the sites in the western part of the study area ranked 
either medium or low in number of conditions . 

Rankings and comparisons of condition frequencies 
are shown in Appendix B and Tables 38-43 . The data 
presented in Table M) summarize the number of condi-
tions in each organ for each species at each site . There 
were 17 sites at which either fish specimens or organ 
samples were insufficient for an overall average analy-
sis . In those cases where organ samples were incom-
plete, the average number of conditions per organ per 
species ner site was calculated and the total average ad-
justed for a full complement of organs . These averages 
were not based on a pooled sample between species or 
within species across sites, with the two exceptions for 
gonads . For example, 1W, muscle = 2/4 . This was ad-
justed to 3/5 . Thus the average number of conditions 
(22) could be determined . 

The gonads of two species were unavailable at Sites 
C21 and C22. In this case the gonad value (2.081) was 
based on the overall average number of conditions per 
gonad per fish . This gave 21M a gonad value of 10.4/5 
and 22P a gonad value of 10.4/5 . This allowed for an 
estimated average number of conditions per fish . These 
values were necessary to make comparisons between site 
catagories (primary, secondary, control) and to make 
correlations of hydrocarbon effects levels and levels of 
histopathological conditions . 

The liver, gill, and gut contain 69% of the total his-
topathological conditions . Kidney and gonad contain 
30% while muscle tissue is relatively free of disease and 
is affected only 1% of the time . Gills represent the respi-
ratory system and gut the digestive system . Liver is the 
first order organ for storage of nutrients and detoxifica-
tion of contaminants in the blood stream . These three 
organs should offer an index of health and status of the 
organism . 
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TABLE 39 . Correlation of sites based on histopathologies in species and levels of indicated platform-related 
hydrocarbon effects. 

Hydrocarbon 
Histopathologic Effect 

Sites Species Levels Levels 

P1 Sheepshead & Spadefish H* H+ 
S6 Spadefish & Atlantic croaker H L+ 
SS Spadefish & Atlantic croaker H M+ 
S10 Sheepshead & Spadefish H L 
S11 Sheepshead & Spadefish H H 
S12 Sheepshead & Spadefish H L 
S13 Spadefish & Atlantic croaker H L 
S20 Spadefish & Sheepshead H M 
P2 Sea catfish & Atlantic croaker M" L 
P3 Pinfish & Red snapper M L 
P4 Pinfish & Mexican flounder M M 
SS Atlantic croaker & Sea catfish M M 
S9 Atlantic croaker & Rock seabass M M 
S14 Spadefish & Mexican flounder M L 
S15 Longspine porgy & Rock seabass M M 
S17 Longspine porgy & Rock seabass M M 
S18 Spadefish & Red snapper M M 
S19 Spadefish & Sea catfish M M 
C21 Sea catfish & Atlantic croaker M M 
S7 Rock seabass & Mexican flounder L' H 
S16 Longspine porgy 8c Mexican flounder L H 
C22 Rough scad & Batfish L L 
C23 Longspine porgy & Pinfish L L 
C24 Sand seatrout & Sea catfish L L 
sEcological Investigations of Petroleum Production Platforms in the Central Gulf of Mexico, Volume I : Pollutant Fate and Effects Studies, Part 3 -
Organic Chemical Analysis, Draft Final Report, Page 91 . 
'Averaged number of histopathologic conditions . H 'high (19.5 to 14 .8), M = medium (14.0 to 10.9), L - low (9 .7 to 6.5). 
* H = high, M = medium, L = low. 
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TABLE 40. Number of conditions for each organ of all fish at each site . 

Avg . No . 
Total cond./ 

Site-Fish Gut Kidnev Gill Liver Muscle Gonad cond . fish 
P1-W° 21+ 11 28 27 2/4° 20 109 .22.0 
P1-X 20 13 30 18 0 4 85 17.0 
P2-A 8 6 26 12 1 2/1 55 ' 12.6 
P2-M 5 9 23 13 5/4 7 62 '12.6 
P3-C 5 6 21 17 1 4/4 52 .11 .0 
P3-S 11/4 6/4 22/4 19/4 1/4 9/4 68 17.0 
P4-S I S 7/3 25 25 0 11/3 83 .19.0 
P4-T 9 6 10 3 0 3/4 31 ' 6.4 
S5-A 21 15 8 12 1 10 67 13.4 
S5-M I1 6 10 14 1 12 54 10.8 
S6-A 15 I1 7 14 0 12 59 11 .8 
S6-X 23 12 20 28 0 9 92 18.4 
S7-B 4 10 3 13 0 14 44 8.8 
S7-T 9 8 4 0 0 2 23 4.6 
S8-A 19 8 9 19 0 7 62 12.4 
S8-X 22 16 12 22 0 14 86 17.2 
S9-A 16 16 12 14 0 16 74 14.8 
S9-B 5 10 4 10 0 9 38 7.6 
S10-W 9/3 4/3 17/3 16/3 0/3 9/3 55 18.3 
S 10-X 23 16 18 16 0 6 79 15 .8 
S11 -W 9 6 21 21 1 16 74 14.8 
S11 -X 22 16 13 25 1 16 93 18.6 
S12-W 18 10 17 30 0 11 86 17.2 
S12-X 18 14 15 23 0 7 77 15.4 
S13-A 13 17 9 14 0 14 67 13.4 
S13-X 19 19 12 24 0 9 83 16.6 
S14-T 3 6/4 4 1 0 5 21 .4.2 
S 14-X 25 8 17 28 0 10 88 17.6 
SI5-B 8 11 4 12 1 13 49 9.8 
S15-H 18 16 13 27 1 13/4 88 '18.2 
S 16-H 9 9 11 4 0 4/2 37 ' 8.6 
S 16-T 8 13 10 7 0 6 44 8.8 
S17- B 10 11 9 13 0 10/4 53 .11 .2 
S17-H 16 16 11 24 0 12 79 15.8 
S18-C 8 2/3 15 10 1 4 40 . 8.2 
S18-X 25 14 10 28 0 13 90 18.0 
S19-M 19 8 6 20 4 7 64 12.8 
S19-X 25 14 10 28 0 16 69 13.8 
S20-W 18 18 16 26 2 16 96 19.2 
S20-X 24 15 14 23 0 13 89 17.8 
C21-M 3 3/1 20 16 3 0/00 45 .13.4 
C21-A 15 7 8 4 0 9 43 8.6 
C22-P 0/3 4/3 9/3 6/3 0/3 0/0# 19 8.3 
C22-Q 8 0 8 3 0 4/4 23 ' 4.8 
C23-S 13 3/3 11 1 0 2/1 30 . 8.0 
C23-H 8 9 16 1 0 6/4 40 ' 8.4 
C24-D 7 10/4 12 14 0 7 50 .10.6 
C24-M 7 6 5 12 4 10 44 8.8 
Total 
Cond . 639 477 639 741 30 433 2959 
No. Organs 235 223 235 235 233 208 1369 
Avg. Na 
Cond./Fish 2.719 2.139 2.719 3 .153 0.128 2.081 2.161 
% Cond./Fish 22 16 22 25 1 14 
" Number of conditions observed per S organs . 
'Number of conditions observed per number of organs . 
'Refer to table 1 for explanation of Fish code . 
'Adjusted value, assuming equal numbers of each organ. 
Numerator adjusted to average value of gonad for all species. 
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In Table 41 a comparison of site categories shows 
the total average number of conditions for each organ . 
Overall, the four primary sites gave higher average con-
ditions than the four control and 16 secondary sites . Gill 
conditions ranked the highest of all the organs in the 
control and primary sites . But, in the secondary sites gill 
conditions were comparable to control sites . 

conditions at two primary and one control site, respec-
tively. This suggests that the sites where pinfish and 
longspine porgy were obtained may have a major influ-
ence on the health of these fish . Site C23 for both spe-
cies represented a low condition environment for these 
fish . Other species analyzed from this site would help 
to verify the status of Site C23. The Atlantic croaker 

TABLE 41 . Site comparisons of condition frequencies in fish organs. 

Control Sites Primary Sites Secondary Sites 

Organs Cond./no . organs = avg . % 
cond . 

total Cond./no . organs = avg . % 
cond . 

total Cond./no . organs = avg . % total 
cond . 

Gut 61/38 = 1 .61 20.7 94/39 = 2.41 17 .2 484/158 = 3.06 22.9 
Kidney 42/31 = 1.35 143 64/37 = 1 .73 11 .7 371/155 = 2.39 17 .5 

Gill 89/38 = 2.34 30 .3 185/39 = 4.74 33 .8 365/158 = 2.31 17 .2 

Liver 57/38 = 1 .50 19 .4 134/39 = 3.44 24 .5 550/158 = 3.48 25 .9 

Muscle 7/38 = 0.18 2 .4 10/37 = 0.27 1 .8 13/158 = 0.08 0 .6 
Gonad 38/24 = 1 .58 12 .9 60/31 = 1 .94 10 .9 335/153 = 2.19 15 .8 

TOTALS 294/207 =1 .42 547/222 = 2.46 2118/940 = 2.25 

The liver had more than twice as many conditions 
per organ in the primary and secondary sites than the 
controls . This may reflect a toxic effect of environ-
mentally contaminated food products available to fish . 
Likewise the gut shows more histopathology in the pri-
mary and secondary sites as compared to the control 
sites . It might be speculated that hydrocarbon contami-
nated food in the gut could have a deleterious effect, 
manifested by inflammatory changes in the gut wall . 

The kidney averaged more conditions per organ in 
the secondary sites than the primary or control sites . 
This excretory organ may be indirectly affected by pol-
lutants which enter the blood stream and glomeruli and 
become incorporated into the ultrafiltrate of the kidney, 
thereby influencing the tubular system and vascular 
rete. Data from studies on hydrocarbons' effect on the 
kidney are practically nonexistent, therefore this re-
mains speculation . 

The gonads showed higher numbers of conditions 
per organ in the primary and secondary sites as com-
pared to the controls, 1 .9, 2 .2 and 1 .6, respectively . 
Numerous factors affect gonadal functions so that his-
tological changes such as atretic ova, regenerations and 
degeneration could well be attributed to either environ-
mental, seasonal or hormonal changes. Fish that are 
chronically stressed due to hydrocarbon pollution may 
not demonstrate normal cyclic gonadal changes . 

Individual species of fish at collecting sites were 
ranked in Table 42 in a descending order of frequency 
based on the average number of conditions per fish . 
Species with incomplete organ samples were adjusted as 
previously mentioned for Table 40 . 

Several species have a broad range of average num-
bers of conditions depending on the capture site . 
Sheepshead and spadefish from numerous sites were rel-
atively high in histopathological conditions and ranked 
in the upper half. However, none were caught at control 
sites . Longspine porgy and pinfish presented high, me-
dium and low conditions at three sites which reflect site 
differences . Pinfish presented high, medium and low 

contained a moderate number of conditions at six pri-
mary and secondary sites and a relatively low number at 
the control sites . Also, rock sea bass from four sites 
showed a medium to low number of conditions . 

Sea catfish from . Site C21 had more conditions than 
those from Sites S19, P2 and S8, while control Site C24 
showed a low number of conditions per fish . This sug-
gests a cleaner environment at Site C24 than Site C21 . 
Mexican flounder from three secondary sites had me-
dium to low numbers of conditions . 

The 24 collecting sites and their two species were 
ranked in Table 38 according to the average number of 
conditions per specimen . The values for missing organs 
in some fish were adjusted as mentioned for Table 40 . 
The collecting sites were separated into three groups 
based on a high, medium, or low average number of 
conditions per fish specimen and charted on a map of 
study sites (Fig . 42) . Seven secondary sites and one pri-
mary site in the northeast region of the study area con-
tained fish with the highest average number of histopa-
thological conditions . Three species comprise this 
group-sheepshead, spadefish and Atlantic croaker . In 
this same general vicinity is Site C22, but it was rep-
resented by two other species of fish . Site C22 is an open 
water area where sheepshead and spadefish were not 
found since they are platform-associated fish . 

Sites with a medium average number of conditions 
consisted of three primaries, seven secondaries, and one 
control . Three sites were nearer the north and east 
coastline, three were southerly and the other five were 
westerly . A total of eight species represented these sites, 
two of which were Atlantic croaker and spadefish . 

The sites with low conditions consisted of three con-
trol sites and two secondary sites . Eight species were col-
lected from these five sites which were widely scattered 
throughout the area of study . Mexican flounder was 
caught at three of the low condition sites . 

Table 43 lists the species, sites of capture and the 
average number of conditions per fish . Species com-
parisons and site comparisons (Table 38) show the 
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TABLE 42. Ranking of the species based on average number of 
conditions/ fish specimen at sites indicated. 

Species - Site Average Number of Condi- 
tions 

Sheepshead - P1 22.0 
Sheepshead - S20 19.2 
Pinfish - P4 19.0 
Spadefish - S11 18.6 
Spadefish - S6 18.4 
Sheepshead - S10 18.3 
Longspine porgy - S15 18.2 
Spadefish - S18 18.0 
Spadefish - S20 17.8 
Spadefish - S14 17.6 
Spadefish - S8 17.2 
Sheepshead - S12 17.2 
Spadefish - PI 17.0 
Pinfish - P3 17.0 
Spadefish - S13 16.6 
Spadefish - S10 15.8 
Longspine porgy - S17 15.8 
Spadefish - S12 15.4 
Sheepshead - Sil 14.8 
Atlantic croaker - S9 14.8 
Spadefish - S19 13.8 
Atlantic croaker - SS 13.4 
Atlantic croaker - S13 13 .4 
Sea catfish - C21 13 .4 
Sea catfish - S19 12.8 
Sea catfish - P2 12.6 
Atlantic croaker - P2 12.6 
Atlantic croaker - S8 12 .4 
Atlantic croaker - S6 11 .8 
Rock sea bass - S17 11 .2 
Red snapper - P3 11 .0 
Sea catfish - SS 10 .8 
Sand seatrout - C24 10.6 
Rock sea bass - S15 9.8 
Rock sea bass - S7 8.8 
Sea catfish - C24 8.8 
Mexican flounder - S16 8 .8 
Longspine porgy - S16 8 .6 
Atlantic croaker - C21 8.6 
Longspine porgy - C23 8.4 
Rough scad - C22 8 .3 
Red snapper - S18 8 .2 
Pinfish - C23 8 .0 
Rock sea bass - S9 7.6 
Mexican flounder - P4 6 .4 
Batfish - C22 4.8 
Mexican flounder - S7 4.6 
Mexican flnnnrier - Rld 4 2 
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TABLE 43 . Ranking of the species based on the average number of conditions for each 
fish per species . 

Species Collecting Sites No . of Fish Average Number 
of Conditions/Fish 

Sheepshead P1, 510, S11, 512, S20 23 18 .3 
Spadefish P1, S6, S8, 510, 511, S12 55 16.9 

S13, 514, 518, S19, S20 
Longspine porgy 515, 516, 517, C23 20 12 .7 
Atlantic croaker P2, S5, S6, S8, S9, 513, C21 35 12 .4 
Sea catfish P2, SS, S19, C21, C24 25 11 .6 
Pinfish P3, P4, C23 14 11 .3 
Sand seatrout C24 5 10 .6 
Red snapper P3, S18 10 9.6 
Rock sea bass S7, S9, 515, S17 20 9.3 
Rough scad C22 3 8.3 
Mexican flounder P4, S7, S14, S16 20 6.0 
Batfish C22 S 4.8 

interdependence of the two species, sheepshead and 
spadefish, at Sites P1, S10, S11, S12 and S20 . Low num-
bers of fish at Site C22 and the adjustment of the overall 
average value (explained for Table 40) for the inade-
quate organ samples show these fish to have few condi-
tions . Mexican flounder, captured at four sites, has a 
relatively low average number of conditions per fish . 

Appendix B compares the study site with the num-
ber of times each condition occurs in an organ, for each 
species of fish . Fish caught at the primary, secondary, 
and control sites were Atlantic croaker and sea catfish . 
Overall, fewer conditions occurred in the Atlantic 
croaker at control Site C21 than primary or secondary 
sites . The histological conditions in organs vary at the 
different sites . For instance, the gill and liver have more 
conditions in the primary site than at the control site 
while the stomach shows the reverse situation (Table 
41) . Table 44 summarizes the types and frequencies of 
occurrence of the various conditions found for each 
organ . Leucocytic infiltration (LL), acidophilic cells 
(AC), and chromatophore pigmentation (HC) are the 
most frequently occurring conditions in the organs 
(Table 44) . These three conditions, in general, are pre-
sent in more fish at secondary sites than either primary 
or control sites . However, each organ has its own spe-
cific histopathologies which may more accurately reflect 
the overall status of the organ . 

Other species-site comparisons were : ' secondary ; 
control and secondary ; control ; primary and control ; 
and primary and secondary . Spadefish from Site S19 
were small fish (fingerlings) and showed fewer condi-
tions than larger fish at the other sites . Spadefish from 
Site S19 had chromatophores in only one liver but not in 
stomachs . This contrasts greatly with the larger spade-
fish at other sites . 

The five red snappers at Site P3 had more condi-
tions than those at Site 518, primarily due to the kidney, 
gill and liver. 

The longspine porgy had twice as many organs with 
conditions at Site S15 than at control Site C23. The 

stomach had cysts, a helminth and leucocytic inflam-
mation ; kidneys had xenomas ; liver contained fibrotic 
liver ducts, pigment, mononuclear leucocytes, fat, and 
parasites ; muscle contained protozoa ; and the gonads 
demonstrated degeneration, pigmentation and focal leu-
cocytosis, which was not seen in any of the control site 
organs . 

The pinfish at the primary sites contained more 
than twice the number of affected organs as compared 
to the control site . All organs, especially kidney, gill, 
liver and gonad, showed major differences in numbers 
of conditions . 

At Site S7 the Mexican flounder had a condition-
free liver and muscle, and only one gill condition. Site 
S14 showed an overall reduced number of involved or-
gans, especially stomach, kidney and liver . Table 44 lists 
the number of organs which contained histopatholog-
ical conditions . For example, 136 of the 235 stomachs 
contained acidophilic granular cells . There was a total 
of 639 stomach conditions . These data also compare the 
condition-organ frequency studies . There were three 
conditions of the 31 total that were common to all or-
gans while 11 rare conditions were seen in one to three 
organs . The gill demonstrated the widest variety of con-
ditions while muscle demonstrated only two types of 
conditions . 

The study sites, species and their average number of 
conditions are listed in Table 39 against the hydrocar-
bon effect levels for each site (see Vol . I, Part 3, p . 176) . 
The average number of conditions, arranged in descend-
ing order of frequency in Table 38, was divided into 
high (19.5 to 14.8), medium (14.0 to 10.9) and low (9 .7 
to 6.5) values or levels .' These data suggest that there is 
an influence of hydrocarbons on the fish in terms of the 
histopathological conditions observed . 

1. Muscle 
Muscle had few lesions and those found were 

parasitic . While the host may sustain a certain parasitic 
load without immediate life threat, some investigators 
(Bauer, 1959) note that any parasitism, however slight 

'A contingency coefficient was computed between scores (H,M,L) on the two sets of categories, level of histopathologic conditions and hydrocarbon 
effects level . The contingency coefficient is a measure of the extent of association or relation between two sets of attributes . The chi-square test applied 
to these values demonstrated a significant correlation (4 d.f ., x2 = 8.47) at the .08 level (4 d.f ., x2 = 8.46). 
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TABLE 44. Number of organs containing histologic conditions . 

v:No. of Organs Examined 235 223 235 235 233 208 ...~ .,Y.. .. .,..,,.., 
Conditions Or ans Stomach Kidney Gill Liver Muscle Gonad 

Acidophilic granular cells 136 82 109 110 131 
Atretic ova 75 
Biliary duct fibrosis 138 
Encapsulated cysts 129 2 22 8 
Degeneration 55 39 
Edema 63 
Glomerular sclerosis 2 
Hyperplasia of arterial endothelium 2 
Chromatophores 65 194 2 160 113 
Hyperplasia 23 
Involution 3 
General leucocytosis 5 
Focal leucocytosis 38 
Leucocytic infiltration 131 151 120 5 
Lipid accumulation 74 
Macrophage infiltration 1 
Mucous cells 72 
Protozoan ciliates 4 
Protozoa-encapsulation 28 7 27 
Protozoa in tubular lumen 1 
Protozoa in lining of mesonephric duct 116 
Protozoa 127 49 49 6 
Regeneration S 
Copepod symbiosis 18 
Nematode symbiosis 4 
Helminths 49 28 13 13 3 4 
Trematode symbiosis 13 
Myxosporidian symbiosis 9 
Tubular degeneration 8 
Vascular congestion 2 104 
Xenoma 12 
Total conditions 639 477 639 741 30 433 

quantitatively, negatively affects its host and thus is 
pathogenic . To the extent that unfavorable environ-
mental stresses weaken the host and thereby enhance its 
susceptibility to parasitic assault, parasitic lesions seem 
logical indicators of such stress . 

The incidences of encapsulated protozoa for the 
three categories (controls 18%, primaries 22%, second-
aries 7%) examined in this study must be viewed with 
caution and may be misleading when considered apart 
from other variables which undoubtedly influence 
them . One such variable might be the representation of 
any given species relative to the total specimens exam-
ined . For example, of the 38 tissues examined at the 
control sites, 10 were of sea catfish . Seven of these 10 
had protozoan lesions . None of the other species exam-
ined at these sites had protozoa . At the primary sites, 
four of the 36 tissues were from sea catfish . All four had 
protozoan lesions (half of the protozoan complement 
for these sites) . Among the secondary sites, only 10 of 
the 158 tissues were from sea catfish, yet protozoan le-
sions were found in five of these 10 (out of the I 1 total 
tissues containing protozoa) . Thus it appears that cer-
tain species (e.g ., sea catfish) are more likely to contain 
this lesion than are others . A disproportionate use of the 
sea catfish in one test group will yield a likewise dispro-
portionate number of such lesions . 

Obviously, then, maintaining species constancy 
among test sites becomes important in the reduction of 
this variable and would expedite valid correlations be-
tween sites . Further, size constancy within a collected 
species would be another important aspect of variable 
control. 

In general, the rarity of parasitic lesions in the 
muscle tissues examined (even in those specimens evi-
dencing more overt parasitism among other organs) sug-
gests that in most species, muscle is less valuable than 
other tissues for evaluation of pathologic conditions . 

2. Liver 
Symbiont and nonsymbiont liver conditions in 

the 12 species of fish studied reflected pathologic 
responses to various noxious agents . Symbionts were 
examined in a previous baseline study by Haensly and 
Shively (1977), who concluded that the stomach and 
liver had the highest incidence of lesions in the 10 spe-
cies examined . In our study, helminths and protozoa 
were present but generally were less frequent. Since the 
rodlet cell, a component of the biliary epithelium, was 
included in the protozoan category, the frequency of 
symbiosis per liver specimen increased . Morrison and 
Odense (1978) reported that the rodlet cell may be a 
normal cell rather than a protozoan . We could not 
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determine whether the rodlet cell was a normal, special-
ized cell of the epithelium or a protozoan. Sheepshead 
from Sites P1, 512, and S20 had the highest incidence of 
liver symbionts. This may have been due partly to age of 
the fish (a reflection of length) and partly to feeding activ-
ity around the infrastructure of oil producing platforms. 

Organic material exposed to noxious chemical 
compounds in the ocean and taken in as food will affect 
hepatic tissue . Roberts (19756) reported that responses 
of the liver to bacteria, viruses, chemicals, and symbi-
onts include increased mononuclear leukocytic infiltra-
tion and phagocytosis . 

The cytoplasm of hepatic parenchymal cells var-
ied among fishes in degree of vacuolation, granularity, 
and staining intensity . This was probably due to many 
factors, including postmortem changes, decompression 
influences, dissection and fixation times, methods of 
animal collection (trawling, spearing, hooking), species, 
age, season and sex . Thus, no reliable, consistent crite-
ria could be established to identify pathological condi-
tions in the cytoplasm . 

Acidophilic granular cells were seen in most fish 
and were very numerous in some. Roberts (19756) sug-
gested that acidophilic granular cells may be mast cells 
and that their presence may mark the first change in a 
fibrosis formation . He also conducted systematic analy-
ses to determine what correlation, if any, exists between 
acidophilic granular cells, their incidence, and symbio-
sis. However, these cells were present as often as they 
were absent in the capsules or granulomas of symbionts; 
so the symbiont, depending on its degenerative stage 
and type, may produce various host responses . On the 
other hand, acidophilic cells may respond to other 
agents and their simultaneous response to symbionts 
may be incidental . 

Acidophilic cells also tended to be related to the 
chromatophores, particularly during the formative 
stages of a melanin-macrophage center around blood 
vessels, bile ducts, or hepatopancreas . Roberts (1975a) 
indicated that degree of pigmentation depended on the 
species, age, and state of health of the fish . Melanin, 
purine, and pteridine pigments are thought to be derived 
from melanophores, iridophores, and erythrophores, 
respectively (Bagnara et al ., 1979) . Pigment mixtures in 
the three kinds of chromatophores may depend on 
whether both Golgi apparatus and endoplasmic reticu-
lum are involved in pigment formation . Accordingly, 
acidophilic granular cells appeared to represent an early 
response either prior to or in association with chromato-
phores of the melanin- macrophage system . In several 
fish in which myxosporidia were found throughout the 
liver, various stages of chromatophore pigmentation 
were associated with these protozoa . In the large proto-
zoan clusters, variously colored pigments, including 
melanin granules, were dispersed between the protozoa . 
The entire protozoan-chromatophore cluster was sur-
rounded by an inconspicuous capsule . In other areas of 
the liver parenchyma there were few protozoa without 
associated pigment or a capsule . Carefully controlled 
laboratory experiments are needed for study of both 
acidophils and chromatophores in relation to fish age, 
phagceytosis, and disease in those species known to 
show acidophilic granular cell responses . 

The layering of fat cells around the liver of lar-
ger fish was probably a function of age . This was appar-
ent in spadefish ; larger fish had fat-encased and fat- 

infiltrated livers, while the smaller spadefish were fat 
free . Accumulation of fat did not appear to represent 
lipidosis, for marginal hepatic cells looked like the rest 
of the liver parenchyma . Hepatopancreas was also enve-
loped by fat and appeared compressed, although no de-
generated tissue or inflammatory responses were pre-
sent . While various fish showed varying degrees of 
extrahepatic and intrahepatic accumulation of fat, this 
fat seems to be stored fuel, perhaps due to excessive 
food consumption . 

3. Gut 
Normal histnlogical features of the digestive 

tract of various species of fish have been described by 
numerous investigators, including Blake (1930), Rogick 
(1937), Ashley (1975), Ciullo (1975), and Sis et al . 
(1979) . Haensly and Shively (1977) described normal 
and pathological features of the stomach in 10 species of 
fish from the southern Gulf of Mexico . In the present 
study, all fish except rough scad had symbionts, cysts, 
or granulomas . 

We characterized rodlet cells as protozoa, al-
though Morrison and Odense (1978) believe they are 
normal cells of the epithelium . Ciullo (1975) noted the 
differences in staining intensity of the rodlet cells and 
suggested that they may have different physiological 
states or that there are different species of rodlet cells . 

Acidophilic granular cells varied greatly in num-
ber and location in the stomach and anterior intestine . 
In the stoneroller sucker, Ashley (1975) defined a granu-
lar layer of mast cells or tissue eosinophilia in the gut 
submucosa . Roberts (19756) said that a large increase in 
the number of acidophilic granular cells (mast cells) was 
the initial change in a replacement fibrosis that is more 
obvious in certain species . Ciullo (1975) studied granu-
lar cells in the common mummichog and noted density 
variations throughout the layers of the gut . These cells 
were alkaline phosphatase positive and the granules had 
a protein core enveloped by a lipid-phospholipid shell 
and a trace of nonacid mucopolysaccharides . They 
stained pink with buffered azure-eosinate at a pH of 
3.5-5 .5 and were unstained at pH 6-6.6 . In the white 
sucker, Charcharn and Bullock (1967) found the gran-
ules light pink at pH 4 and blue at pH S . Ciullo (1975) 
said that the granular cells in the epithelium and submu-
cosa of the mummichog were similar and that the granu-
lar cells of the epithelium were derived from the submu-
cosa . Results from the present study showed variations 
among the 12 species in granular cell density, in stain in-
tensity or affinity, and in gut wall location . These gran-
ular cells appeared similar to those described by Ciullo 
(1975) and others . The acidophilic granular cells may be 
a type of fish mast cell which responds to nutritional 
(health) and symbiont (pathologic) conditions . 

4. Gonad 
Since there is only limited information on the 

gonad morphology of fish used in this investigation, 
these fish were described and compared in terms of the 
descriptions for other fish (Ahsan, 1966 ; Braekevelt and 
McMillan, 1967 ; Brylinska and Dlugosz, 1970; Bieniarz 
and Epler, 1976 ; Fuller and Scott, 1976 ; Campbell, 
1977 ; Bhatti and AI-Daham, 1978 ; Htun-Han, 1978 ; 
Smith, 1978 ; Van den Hurk et al ., 1978 ; Whitehead, 
Bromage, and Forster, 1978 ; Wootton, Evans, and 
Mills, 1978) . Basic mammalian ovarian and histological 
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terms were also used . Of the six stages used to describe 
the spermatogenic cycle of Barkus luteus (Bhatti and 
Al-Daham, 1978), four were selected to describe the 
male testicular cycle in this study. Six stages were used 
to describe the ovarian cycle in Limanda limanda 
(Htun-Han, 1978) but only four were used in this 
investigation. 

Spawning times in different species vary from 
spring in Cyprinus carpio (Bieniarz and Epler, 1976) to 
summer in Gasterosteus acu/eatus (Wootton et al ., 
1978), to fall and winter in Salmo wtte (Campbell, 
1977) . In fish used in this investigation, spawning took 
place in summer and fall in two species, rock sea bass 
and pinfish ; and in spring or spring and early summer in 
six species : rough scad, longspine porgy, sand seatrout, 
shcepshead, sea catfish, and spadefish . 

The spawning time was not determined in bat-
fish or fringe flounder . Gonads from control site fish 
were normal for the time of year, except in Atlantic 
croaker from Site C21 caught during September . In 
these fish, both ovaries and testes were degenerated and 
contained numerous acidophilic cells . They should have 
been in a middle to late developmental phase since 
spawning takes place during fall and winter in this spe-
cies . Primary site specimens caught in May or June were 
as expected, as were secondary site specimens caught in 
August-September. Testes from sea catfish were in an 
early regenerative phase, while ovaries from the same 
species contained many mature follicles . Since this spe-
cies spawns in June and July, by August these fish 
should have been degenerated or involuted . Other fish 
taken at the same site had typical morphology for that 
time of year . At Site S11, both ovaries and testes of 
sheepshead were in an early regenerative phase . They 
were expected to be involuted since this species usually 
spawns in the spring . A similar condition was noted in 
longspine porgy caught at Sites S16 and 517 . 

Some of the pathological conditions observed in 
the gonads of the fish studied were observed in fish 
from every site . Acidophilic cells and chromatophores 
were most common, with focal leukocytosis third most 
common . These conditions were more commonly ob-
served in specimens undergoing or in a state of invol-
ution . Parasitism was minimal in fish gonads. In at least 
some cases the parasites were on the capsule only and 
were not invasive . These may have been from adjacent 
organs and may have been secondarily attached to and 
growing on the ovarian and testicular capsule or hilar 
tissues . 

Other than the few differences already dis-
cussed, no particular collection site or species of fish 
was more affected than another . 

There have been a number of investigations into 
the effect on fish of various toxic substances such as ar-
senic, lead, mercury, and selenium (Weir and Hine, 
1970) ; oil refinery effluents (Jenkins, 1964) ; cadmium, 
copper, mercury, zinc, and the chlorinated pesticide 
methoxichlor on estuarine and marine teleosts 
(Gardner, 1975) ; petroleum dissolved in sea water 
(Gruger et al ., 1977) ; mixtures of copper, phenol, zinc 
and nickel (Brown and Dalton, 1970) ; and salts of the 
heavy metals, cadmium, copper, zinc, nickel, and lead 
(Picketing and Henderson, 1966) . These studies in-
volved the effects of pollutants on behavior, physiol-
ogy, or morphology but did not include those on repro-
duction or the reproductive organs . Similar long-term 

investigations of the effects of these pollutants on repro-
duction need to be done . 

S. Kidney 
Conditions reported for the fish kidney include 

chromatophores, protozoa, helminths, xenomas, acido-
philic granular cells, hyperplasia of arterial endothe-
lium, and tubular degeneration . 

Chromatophores were designated as pigment 
containing cells in accordance with Bagnara et al . 
(1979) . This term does not indicate the specific pigment 
involved, however . For further clarification, kidney sec-
tions of one specimen of sheepshead were subjected to a 
melanin bleach procedure and a variety of staining tech-
niques designed to demonstrate hemosiderin, ferrous 
iron, ferric iron, and hemofuchsin . Results showed the 
pigment to be predominantly (perhaps entirely) mel-
anin . Since these techniques were used only on one spe-
cies (sheepshead), a generalization cannot be made for 
other species . However, morphological characteristics 
imply that the chromatophores reported represent the 
"melanin-macrophage systems" described by Roberts 
(1975a) . Herein lies the possible significance of this con-
dition in histological assessments . Should the cells con-
taining melanin possess macrophage capabilities, their 
activity might reflect an insult to the tissue requiring the 
phagocytic process . The pigment (presumably melanin) 
within the cytoplasm of the macrophages serves then as 
a marker for the position of these phagocytic cells . 

By and large these melanin-macrophage systems 
appeared to be inactive, with the clusters distributed 
randomly throughout the parenchyma . In some cases, 
however, the pigment was within a capsule enclosing a 
foreign invader (protozoa, helminth, fungi, or bacte-
ria) . In still more extreme situations, pigment entirely 
filled the space within a capsule (Fig. 14B) . The macro-
phages containing melanin may be involved in a "clean 
up" process against the invading organism(s), contin-
ually penetrating the surrounding capsule until they fill 
the space and break down its contents . Should this be 
the case, the most significant pigment for pathological 
evaluation would be that found in association with for-
eign invasion and/or the surrounding capsule. This 
study, however, reported quantitative estimates for the 
melanin- macrophage systems as a whole, including the 
apparently inactive clusters, since the number of such 
systems developing may reflect the need by the host for 
such accumulations (e .g ., in response to foreign insult) . 

Overall, chromatophores were the most fre-
quently observed condition for all three test groups 
(controls, primaries, and secondaries-for which the in-
cidence levels were 84%, 63%, and 93%, respectively) . 
Variation in these percentages can perhaps be attributed 
to species difference between sites . That is, pigment lev-
els were more constant within species than between spe-
cies. Thus, since several of the species used at the pri-
mary sites were those which were characteristically low 
for pigment, chromatophore quantities for these sites 
were decreased . 

Parasitism was the second most commonly ob-
served condition . In general, the host response to para-
sitic invasion seemed very slight . A degree of parasitism 
may be well tolerated by these fish species . However, as 
noted by Bauer (1959), parasitic invasion is foreign and 
creates stress for the host which may increase as the host 
is exposed to other stress factors in the environment . 
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For this reason, parasitic lesions seem valid indicators 
of health . Of the three forms of protozoa found, those 
in the lining of the mesonephric duct were most fre-
quent . This form is difficult to interpret, however . Tra-
ditionally, it has been identified as the protozoan, 
Rhabdospora thelohani (Bannister, 1966 ; Flood, 
Nigrelli, and Gennaro, 1975 ; Morrison and Odense, 
1978) . More recently, several investigators have sug-
gested that it is not a parasite at all but rather a host cell 
which has been termed the "rodlet cell" (Morrison and 
Odense, 1978) . Until the status of this cell is clarified, its 
role in histological evaluations remains tenuous . The 
traditional interpretation has been used in this study 
pending research findings which could alter the status of 
this condition . 

Incidences for mesonephric duct protozoa were : 
at the control sites, 16%; at the primary sites, 25%; at 
the secondary sites, 63% . Part of this difference could 
be due, as suggested for chromatophores, to differential 
use of species among the sites . 

Encapsulated protozoa within the parenchyma 
were less frequent overall . None were found among the 
controls, while at the primary and secondary sites the in-
cidences were 31016 and 12%, respectively . As with other 
conditions, lack of species constancy between sites and 
the small number of controls necessitate caution in in-
terpreting incidences . 

Protozoa were found within an arterial lumen 
in only one specimen and thus there can be no site 
comparisons . 

Helminths were the least common of the para-
sitic invaders observed but were found to some extent 
among all three test sites (control, primary, and second-
ary) . Incidences were 10% for the controls, 22% for the 
primaries, and 13% for the secondaries . These figures 
seem to indicate a greater helminth load among the non-
controls and, in absolute numbers of such conditions, 
this is the case . But there are problems in interpretation . 
For example, it is difficult to compare the data of con-
trol and primary sites . While both contained similar 
numbers of specimens for examination, half of the hel-
minth conditions found in the primaries occurred in two 
species which were not available for evaluation at the 
controls . Furthermore, the incidence for the secondaries 
(13%) is likely to be more accurate since the sample size 
was approximately 4.5 times that of either primaries or 
controls . As a result, the 3% difference between the 
controls and secondaries seems less important . The two 
sites containing the highest number of helminths (1 and 
13) are also among those with high concentrations of 
total hydrocarbons (50 Mg/g) . On the other hand, there 
are other sites of high hydrocarbon content which had a 
very low incidence of helminths . 

Xenomas have been said to represent excessive 
encapsulation responses to protozoan invaders (Haensly 
and Shively, 1977) (Fig . 15C) . Generally, the type of or-
ganism contained within the encapsulation could not be 
identified . However, to the extent that encapsulated 
protozoa are found, this condition adds to the proto-
zoan complement mentioned earlier . 

Xenoma was a relatively rare condition, with in-
cidences of 3% for the controls, 0% for the primaries, 
and 8% for the secondaries . The condition seemed to be 
much more frequent among some species (e .g ., fringe 
flounder and longspine porgy) than among others . The 

greater use of these two species in the secondary site 
group may account for the incidence there. 

It is interesting to examine the incidence of para-
sitism as a single category by totaling, for each site, the 
different parasitic conditions described . However, an 
initial difficulty is the decision to include or exclude the 
protozoa of the mesonephric duct since several investi-
gators, as previously mentioned, view these as normal 
host cells . Additionally, the occurrence of xenomas 
seemed highly dependent upon the species collected . 
Therefore, several analyses of the data were conducted 
using different combinations of parasitic conditions to 
compute a total which was then used in a site ranking. 

Regardless of the approach used in parasitic 
analysis, it is interesting to note the consistency with 
which Sites P1, S6, S9, 513, and S20 have high inci-
dences, while Sites 514, C21, C22, C23, and C24 tend 
generally toward the lower range of incidence . This is 
true in absolute terms when all five possible parasitic 
conditions are totaled . Site S15 varied a great deal with 
different analytical approaches, perhaps because only 
mesonephric duct protozoa and xenomas were found 
there . 

But there is at least one other major variable 
which advises caution in interpretations : the variation in 
species used from the different sites . Thus, the greater 
use of spadefish at sites of high incidence might explain 
to some extent the lower incidence among the other sites 
mentioned . Further study using the same species at all 
sites would help clarify this situation . 

The origin, nature, and function of acidophilic 
granular cells have riot been defined . Suggestions as to 
their analogues in mammals include plasma cells, mast 
cells, and eosinophil.ic white blood cells . To the extent 
that they may represent tissue response cells, their pres-
ence or accumulation could have significance in histo-
logical evaluations . 

Incidence rates for the control, primary, and sec-
ondary sites were 19%, 6%, and 48%, respectively . No 
particular pattern of occurrence emerged . While there 
were variations between species there were also marked 
differences within them, even at the same site . 

Tubular degeneration and hyperp(asia of the ar-
terial endothelium were rare conditions overall . While 
both are interesting lesions as potential environmental 
evaluators, their scarcity in this study negates their use-
fulness for correlations . It is perhaps of value as an aid 
to further study, however, to note the tendency toward 
species specificity of these lesions . Tubular degeneration 
tended to occur in sea catfish, although it was also 
found in Atlantic croaker and spadefish . Arterial hyper-
plasia was found in only two specimens, both spadefish . 

6. Gill 
The most notable gill condition was parasitism, 

which could not be correlated with the proximity of oil 
or gas wells . The lymphocytic infiltration found could 
be species dependent . Sheepshead and spadefish at all 
sites routinely had a few more lymphocytes in the epi-
thelium than other species . 

Workgroup i reported high concentrations of 
hydrocarbons at Sites P1, S6, S7, S11, 516, and C21, 
but gills from fish at these sites were normal . Any ab-
normal responses observed were localized, not general . 
Fish from Sites S11 and C21 had only a few parasites, 
while those from Site S6 were moderately afflicted with 
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a variety of parasites. Only one fish from Site S7 had 
protozoan parasites, and Site S16 was clean . Since fish 
from Sites S7 and S16 were almost all normal, none of 
the conditions reported from this group of sites could be 
correlated with the presence of hydrocarbons . Other-
wise, all sites would have been similarly affected . 

Gill morphology, then, was normal, with the ex-
ception of parasitism and host response to parasites . 

B . Invertebrates 

1 . Bivalves 
The paucity of benthic bivalves at some sites (P1, 

P2, P3, P4, SS, 510, S11 and S14) necessitated the col-
lection of specimens from the superstructure of the plat-
form at those sites . The bivalves examined were there-
fore acquired from two very different ecological niches, 
niches which are exposed, probably radically so in some 
cases, to different types and degrees of environmental 
parameters . Such different ecological niches will also in-
fluence the types and degrees of parasitic symbioses . A 
review of Tables 12-17 shows that, with the exception of 
Bucephalus in one oyster, all metazoan parasites were 
incident in benthic bivalves only, as were amoebae. Spo-
rozoans were incident in both benthic and platform-
associated molluscs, although incidence was higher in 
benthic species (mean of 1 .9 per platform specimen 
compared to 4.2 per benthic specimen) . Such being the 
case, the two niches should be considered separately. 
Since some species may characteristically harbor a 
heavier parasite load than other species, each species 
collected should also be considered separately when pos-
sible. Wardle (1974) found that 89 of 89 Noetia ponder-
osa from Galveston, Texas, contained cestode larvae 
which he believed to be a species of Echeneibothrium 
which is adult in stingrays . In the present study, 10 of 10 
N, ponderosa contained a similar cestode larvae . With 
the exception of A . ovalis from Site S18, incidence of 
cestode infection in benthic bivalves from other sites 
was below 50% . 

Table 11 shows that, of the platform associated 
species, O . equestris at Site S11 and C. virginica at Site 
SS have over 30% more conditions (mean number per 
bivalve) than specimens from other sites . Ostrea eques-
tris from Site S11 had 37% more conditions than did 
O. equestris from Site 510 . Crassostrea virginica from 
Site SS had 39% more conditions than did those speci-
mens from Sites P1 and P2. Table 9 shows that symbi-
oses accounted for 73% and 68% of the bivalve condi-
tions at Sites SS and S11, respectively . Isognomon radi-
atus, a small oyster-like bivalve from Site 514, 
contained the lowest mean number of conditions (1 .6) 
followed by A. imbricata from Sites P3 and P4 (3 .0 and 
3.2, respectively) . 

Of the benthic sites, Site C22 stands apart from 
the others (Table 11). Specimens of N. ponderosa from 
Site C22 contained 75% more conditions per specimen 
than did N. ponderosa from Site S12 and 27% more 
than did P. cordata from Site C23 . Specimens from Site 
C22 contained about an equal proportion of nonsymbi-
otic to symbiotic conditions . These specimens had a 
much higher number of cases of liquefaction and necro-
sis (total of 13 observed), especially of the muscle, than 
did bivalves from other sites (Tables 12, 15 and 17) . 
While cestodes were recorded from an equal number of 
organs at Sites S12 and C22, sporozoans were recorded 

from 14 organs at Site C22 and were not present in N. 
ponderosa at Site 512 . From the number of conditions 
in bivalves at Site C22, it would appear that those speci-
mens were stressed and in poor health when compared 
to those from Site 512 . This seems odd, for when speci-
mens from Site C22 were collected (Cruise I), both 
shrimps and crabs were collected also . When specimens 
from Site S12 were collected (Cruise II), the bottom was 
"dead"-no shrimps or crabs were collected and very 
little else in the trawl catch was alive except for Noetia . 
Site C22 (about 17 km from Site S12) was revisited dur-
ing Cruise II and the bottom was also "dead" at that 
time . 

Considering the P . cordata examined, specimens 
from Sites S6, S8, S13 and C23 contained about an 
equal number of conditions (an average of 6.5 condi-
tions per specimen) . This could be considered high as 
specimens from four other sites (S9, S15, S16, S17) av-
eraged only 2.8 conditions per specimen . 

It appears that Sites C21, C22, C23 and C24 are 
not satisfactory control sites. When sites are grouped 
(Table 10), the control site bivalves contained a higher 
mean number of conditions than did primary and sec-
ondary site specimens (38% and 29%, respectively) . 
Tellina sp . (Site C21) contained the lowest mean number 
of conditions of the bivalves examined . Those speci-
mens were collected from four epifaunal grab samples . 
No bivalves were caught in the trawls at Site C24. 

The highest incidences of parasitic symbiosis of 
bivalves in the present study were attributable to the 
fungal parasite Dermocystidium marinum or 
Dermocystidium-like organisms and unidentified sporo-
zoans . Dermocyslidium marinum is a common parasite 
of oysters in some areas of Louisiana and often pro-
duces high seasonal mortalities (Mackin, 1962; Mackin, 
personal communication) . Dermocystidium-like orga-
nisms were found in bivalves at 15 sites and were espe-
cially prevalent in C. virginica and O. equestris . Related 
species are known to occur in other bivalves also, 
though little is known about their pathogenicity (Overs-
treet, 1978 ; Mackin, personal communication) . 

Both general and focal leucocytoses were fre-
quently encountered in benthic and platform-associated 
bivalves. Leucocytosis is a part of the bivalve cellular in-
flammatory response to metazoan parasites, fungi, bac-
teria, foreign particles, injury and environmental stress 
(Cheng, 1967 ; Cheng and Rifkin, 19'70; Sparks, 1972) . 

Degeneration and necrosis of tissues were occa-
sionally observed . These conditions occurred primarily 
in the adductor muscle and gonads but gut and gill were 
also occasionally involved . Gonadal degeneration and 
necrosis did not appear to be related to the reproductive 
cycle. 

Of the six organs examined, excretory and gona-
dal tissues contained the least number of total condi-
tions (34 and 57, respectively) . Muscle, gut, gill and di-
gestive gland contained 70, 85, 116 and 125 conditions, 
respectively . Symbiotic conditions accounted for 55 .6% 
of the conditions reported . By organ, symbioses ac-
counted for 38% of the conditions in kidney, 42.4% in 
gut, 49% in gill, 61 .4% in each of muscle and gonad, 
and 70.4% in digestive gland tissues . 

It is notable that no tumors or neoplasms were 
found by gross and microscopic examination . Possible 
neoplasms have been reported from the pericardium 
(Mix and Riley, 1977), mantle (Sparks et al ., 1964 ; Dix, 
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1972), siphon (Pauley and Cheng, 1968 ; Des Voigne, 
Mix and Pauley, 1970) and foot (Pauley, 1967) of vari-
ous marine bivalves . Yevich and Barszcz (1977) reported 
neoplasms in Mya arenaria which were collected at oil 
contaminated sites. 

Two recent BLM sponsored studies dealt with 
histopathology of invertebrates in baseline areas . Neff 
and Ernst (1977) reported findings from their study of 
the South Texas Outer Continental Shelf area . Method-
ology used in their study was the same as that used in the 
present study. Unfortunately, the only bivalves col-
lected were two species of scallops and a species of 
Macoma . They reported trematode symbioses was the 
most common pathology found, occurring in 50% of 
the specimens examined . Nematodes and cestodes each 
occurred in 25% of their specimens. Relatively few 
pathologies other than symbionts were found, although 
leucocytosis and cysts occurred in 20% and 48% of their 
specimens, respectively . 

Tripp (1978a,b) examined two scallop species for 
the South Atlantic Benchmark Program . He reported 
only helminth and protozoan symbionts . 

In the present study, 31 % of the bivalves har-
bored cestode larvae while 17% and 6% harbored ne-
matode and trematode larvae, respectively . 

2. Crabs 
Crabs were collected from 20 of the 24 sites . 

With the exception of S . lobatus (Site P1) and L . nitidus 
(Site P4) all crabs were swimming (portunid) crabs . This 
prevents associating the specimens collected with a par-
ticular site (except Sites P 1 and P4) with any certainty . 
It is not known if the specimens collected were recent 
immigrants to the site or old residents . Callinectes simi-
lis was seen clinging to and swimming with Sargassum in 
the study area and after a storm P. gi66esii were plenti-
ful at Site 512, where a week earlier (before the storm) 
no crabs were collected . 

Callinectes sapidus from Sites SS and S19 con-
tained over 32% and 48% more conditions (mean num-
ber) than crabs from other sites (Table 20) . This proba-
bly reflects a naturally occurring higher incidence of 
symbionts in C. sapidus over C. similis and other spe-
cies rather than platform association . This is evident in 
C. sapidus at Site S19 which bore ciliates, nemertines 
and barnacles which only infrequently occur on other 
species of crabs . 

In comparing sites, no one site (except Sites SS 
and S19) stands out from the others in numbers of con-
ditions (Tables 18 and 20) . It is evident, however, that 
specimens from control sites have a lower number of 
conditions than specimens from other sites, especially 
the secondary sites (Tables 19 and 20) . The mean num-
ber of conditions from all C. similis at secondary sites is 
2 .6 compared to 0.6 for all C. similis from control sites, 
an increase of 73%a . 

Leucocytosis, both general and focal, accounted 
for a major portion of the conditions . Liquefaction of 
muscle was quite noticeable in some crabs as were hy-
perplasia, edema and necrosis of gill lamellae . These 
conditions have been reported from C. sapidus in asso-
ciation with viral disease (Johnson, 1977a), bacterial in-
fection (Johnson, 19766), gas bubble disease and hy-
poxia (Johnson, 1976a), and paramoebiasis (Johnson, 
19776) . 

Crabs had fewer symbionts than did bivalves . 
Only 19% of the conditions in crabs were symbiotic . 
Protozoans (amoebae, sporozoans, and ciliates) ac-
counted for most of the symbiotic conditions . Amoebae 
found were not Paramoeba pernicios reported by 
Sawyer (1969) and Sprague, Beckett and Sawyer, (1969) 
from C. sapidus . The peritrichous ciliate, Lagenophrys 
callinectes, is apparently host specific for C. sapidus 
from Chesapeake Bay . Overstreet (1978) reported three 
species of ciliates from gills and one from the hemo-
lymph of crabs in the northern Gulf of Mexico . Three 
of the S. lo6atus examined bore large numbers of sporo-
blasts in the gonads . Because of the low number of 
spores (6-8), they are probably a Thelohania. One C. 
similis contained a sporoblast, probably a Pleistophora . 
Sprague (1950) reported Thelohania sp . in the muscles 
of Petrolisthes armatus in Louisiana . Sprague (1966) 
also reported Pleistophora cargoi in C. sapidus from the 
Atlantic Coast . A Minchinia-like haplosporidian occurs 
in Atlantic Coast blue crabs (Newman, Johnson and 
Pauley, 1976) and Overstreet (1978) reported the micro-
sporidian, Ameson michaelis to occur in muscles of 
C. sapidusin Louisiana . 

No cestode larvae were found in crabs examined, 
although Overstreet (1978) reported them to be common 
in C. similis. Nemertines were found only on the gills of 
C. sapidus at Site 519 . These worms are only rarely 
found on other crabs and are seasonal in occurrence. 

Gonadal and intestinal tissues had the least num-
ber of conditions (II and 13), while kidney, muscle and 
gill had the most (45, 47 and 59, respectively) . One 
S. lo6atus contained an abnormal growth in the hemo-
coel, possibly on the intestine . Speocarcinus lobatus is a 
benthic species and therefore this specimen probably 
spent its entire postlarval life at Site P1 . The etiology of 
the growth could not be determined . 

Tripp (19786) examined three species of portu-
nid crabs, two of which were P. gibbesii and P. spini-
carpus, for histopathologies during the South Atlantic 
Benchmark Program . He reported a cercaria at the base 
of a gill and gill damage due to copepods and other par-
asites, inflammatory responses and foreign bodies . 

Neff and Ernst (1977) examined six crab species, 
four of which this study examined (C. sapidus, C. simi-
lis, P. gibbesii, and P . spinicarpus), during their histo-
pathological investigation of fauna off the South Texas 
Coast . They found nematodes to be the most common 
internal symbiont, being incident in 29% of the speci-
mens they examined with most cases occurring during 
the summer season . No trematodes were found and only 
one cestode . Myxosporidian cysts were found only in 
C. similis, but were the most common internal symbiont 
(34% infection rate) of that species . Unknown sym-
bionts were found on the gills of 34% of the crabs 
examined . 

In the present study, nematodes were found in 
only four specimens (4%), two of which were C. similis, 
and trematodes were incident in three of ten C. sapidus. 
No myxosporidian cysts were found. Symbionts were 
found on 69.5% of the crab gills . Therefore, while pre-
sent specimens had far fewer internal symbionts, they 
had twice the number of gill symbionts found in crabs 
from the South Texas Outer Continental Shelf. 

With the exception of one condition, crabs ex-
amined had fewer nonsymbiotic pathologies than did 
those Neff and Ernst (1977) examined . They found cysts 
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in the gills of 33% of the crabs they examined and con-
centric cell aggregates in 79% . This study found cysts in 
only 3% of the gills examined and concentric cell aggre-
gates in 7% . Thirty- one per cent of the crabs Neff and 
Ernst (1977) examined had edematous gills, and necrotic 
lamellae were found in 66% of the C. similis . Leucocy-
tosis was found in SS% of the crabs examined in this 
study but was found in only 17% of those examined by 
Neff and Ernst (1977) . 

3. Shrimp 
Penaeid shrimps form the basis of a substantial 

commercial fishery and during their migratory life his-
tory they are exposed to a wide variety of ecological sit-
uations . Their commercial import generates a deep con-
cern about the health of their populations . Their migra-
tory nature, however, makes them less than ideal 
subjects for field studies on the impact of localized and 
chronic pollution . This fact, especially when coupled 
with the unsatisfactory sampling results from control 
sites, attenuates the usefulness of the data collected in 
this study for pinpointing specific sources of low-level, 
chronic pollution . These data are more applicable to an 
assessment of the overall ecological health of major sub-
units of the sampling area and to the compilation of 
baseline data or invertebrate histopathology in general . 

Several authors (e .g ., Williams, 1965) record the 
differences in the specific ecological niches of penaeids . 
Therefore the direct comparison of histopathologies 
among penaeid species should be approached with cau-
tion . The unavailability of a single penaeid species from 
all sampling sites during this and other studies further 
complicates site and study comparisons . 

Shrimp were collected from only three (P2, S8, 
and C22) of the nine sampling sites (P1, P2, S8, S10, 
S11, 512, S20, C22, and C24) associated with "dead 
bottoms." Those collected from "dead bottom" Site P2 
possessed the highest total number of histopathologies 
per shrimp; those collected from "dead bottom" Site SS 
also possessed high numbers of histopathologies . No 
shrimps were collected from Site S19 (associated with 
Ship Shoal) or from Site C21 (associated with hydrocar-
bon contamination via Mississippi River discharge) . 
Although there was considerable variation in the inci-
dences and intensities of histopathologies at other sites, 
no obvious correlation between them and pollution 
could be made . 

The observations made on normal shrimp histol-
ogy during this study correlate for the most part with 
previously published accounts, (e.g ., King, 1948 ; 
Young, 1959 ; Roberts, 1966 ; Lightner, 1973 ; Foster, 
1976; Rigdon and Mensik, 1976 ; and Tripp, 1978a,b) . 
Observations related to penaeid symbiology revealed 
many of the symbioses reviewed by authors such as 
Corkern (1977), Couch (1978), Johnson (1978), and 
Overstreet (1978) . 

Observations concerning nonsymbiotic histopa-
thologies previously reported include the following . 
Degeneration of abdominal musculature has been de-
scribed by Rigdon and Baxter (1970) as spontaneous ne-
crosis . Rinaldo and Yevich (1974) and Couch (1977) 
studied black lesions on the gills of Pandalus borealis 
and Penaeus duorarum . Lightner and Redman (1977) 
later identified melanin to be one of the dark pigments 
elaborated during penaeid inflammatory responses . The 

responses of penaeids to foreign bodies and injuries as 
described in this study have also been noted by Fontaine 
and Dyjak (1973), Fontaine and Lightner (1973, 1974), 
Fontaine et al . (1975), Solangi and Lightner (1976), and 
Sparks and Fontaine (1973) . Although tumor-like 
growths have previously been reported from penaeids 
by Sparks and Lightner (1973) and Overstreet and Van 
Devender (1978), the tubercle-like growth described 
from cardiac tissue during this study has not been previ-
ously described . 

The studies published by Neff and Ernst (1977), 
Tripp (1978a and 19786) and Dames and Moore (1979), 
most closely parallel this study in design . Tripp's obser-
vations were almost exclusively confined to symbiotic 
histopathologies . Neff and Ernst included data on both 
symbiotic and nonsymbiotic histopathologies from 
P. aztecus, P. setiferus, T. similis and other penaeids . In 
most cases the incidences and diversity of these were 
lower in their study than in this one . No occurrence of 
pathologies and very few incidents of internal parasites 
were found in 19 bivalve, eight crab and seven shrimp 
species examined during the MAFLA study (Dames and 
Moore, 1979) . 

C. Problems Encountered 
In a field study of this magnitude, many variables 

will inevitably be encountered which lead to difficul-
ties in the analysis and interpretation of the final data . 
Ideally to make a comparison between control and plat-
form sites, the samples collected at both types of sites 
would be of the same species, collected at the same time 
of year, of equivalent age, sex and reproductive status 
and of non-transient resident habit . Unfortunately, the 
study design did not permit all of these criteria to be 
met . The variation in habitat between a site with a plat-
form, which acts as an artificial reef, and a control site 
without a platform resulted in a variation of species 
available . Also the migratory nature of some species 
(shrimps, some fishes and portunid crabs) makes their 
usefulness questionable as there is no way of knowing if 
they were old residents at the sites or recent immigrants . 
Because of extreme difference in niches, comparisons 
between benthic and platform associated bivalves is 
questionable . 

Time limitation made it impossible to collect sam-
ples of uniform size and sex ratios and sometimes pre-
vented obtaining an equal sample size from all sites . 
Sampling from more than one season added to variabil-
ity in reproductive status even within a species. 

Another physical problem encountered in the field 
was the low-oxygen condition found at the dead bottom 
areas . Dead bottom occurred at 10 of the 24 sites, in-
cluding three of the four control sites . Low-oxygen con-
ditions were apparently related to the influence of the 
Mississippi River . A third major physical variable was 
the differences among the platform sites selected by the 
sponsor with regard to production practices, e.g ., oil or 
gas or both, amount of produced water, age, and 
whether flaring was above or below the surface of the 
water . 

D. Recommendations for Further Studies 
Results from this investigation indicate that histopa-

thological analysis holds potential as an indicator in 
ecological evaluations . Future field studies should : 
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(1) Utilize selected indicator species for assay to as-
sure a standard complement of species . 

(2) Sample a smaller number of sites and increase the 
number of specimens sampled. 

(3) Utilize non-migratory species whenever possible . 
(4) Increase the size of the control group. 

The use of vertebrate and invertebrate species in lab-
oratory studies designed to simulate environmental ex-
posure to potential stressors (with the added advantage 
of variable control) should be used to complement field 
investigations . 

1. Indicator Species 
The data from this investigation suggest that cer-

tain species of fish utilized in this study were more valu-
able than other fish as biological indicators of marine 
environmental quality . No single species has the advan-
tage of being the indicator of all diseases and pollutants; 
therefore, several species must be considered as candi-
dates to meet the requirements of any large study . The 
characteristics of any fish, for an overall evaluation, in-
clude their availability, required method of capture, 
game fish status, frequency of histopathologic condi-
tions and behavioral qualities (e .g ., dietary habits, 
ocean habitat and position in the food chain) . Based 
on these guidelines, the species which appear to pos-
sess an overall potential as indicators are sheepshead, 
spadefish, sea catfish, Atlantic croaker and Mexican 
flounder . 

Sheepshead and spadefish were readily available 
for spearing at the oil-production platforms . Both spe-
cies are taken as game fish and prepared for human con-
sumption, which makes their analysis even more crit-
ical . Their relatively large size makes them suitable for 
the on-board practicalities of gross observation and 
organ dissection . This study determined that these two 
species contained the greatest frequency of conditions 
(Table 43) . The feeding habits of these fish should be 
considered when an environmental pollutant is being 
studied . The carnivorous sheepshead preys on barnacles 
and small shellfish, while the omnivorous spadefish 
feeds on macroplankton and other floating organic 
material . Thus a chemical compound, acting as a pollut-
ant, may reside in some part of the food chain for one 
fish and not for the other . One disadvantage for the 
sheepshead and spadefish was that they were rarely cap-
tured by trawling . This limited their availability in the 
open water, where no production platforms existed, for 
a control site comparison analysis . 

The sea catfish and Atlantic croaker, also classed 
as gamefish, were likewise among those fish with a high 
incidence of conditions (Table 43) . Their capture was 
usually by trawling, which was advantageous for har-
vesting specimens in the open waters, where no oil pro-
duction platforms existed . 

The Mexican flounder's habitat, lying on the 
ocean floor, enhances the probability of a direct contact 
of the skin with environmental pollutants as they settle 
to the bottom . This characteristic of the flounder and 

their availability by trawling suggests that they should 
be considered when identifying features of indicator 
fish . 

Therefore, not every desirable advantage for an 
indicator species is present in any one species; conse-
quently in future studies, a species should be carefully 
considered for its seasonal, size, site, dietary and water 
depth differences . 

Various species of fish that are examined from 
the ocean should be studied concurrently in controlled 
laboratory experiments that are designed to simulate ex-
posure to potential stressors . Such experiments could 
determine condition variability in an organ as a function 
of a given environmental manipulation . 

2. Indicator Organ 
The incidence of histopathological conditions 

among the six organs in this study indicated that some 
organs held a greater advantage for health assessment 
than others . An organ was used as an ecological eval-
uator on the basis of the number of conditions or 
changes which it displayed in response to environmental 
fluctuations as well as its particular role in metabolic 
processing of a pollutant . 

Data analysis in this study made possible a quan-
titative comparison of the organs examined (total condi-
tions per organ) . The resulting rank (from organ of 
highest to organ of lowest condition incidence) was : 
the liver, gill, stomach, kidney, gonad, and muscle 
(Table 40) . Thus, when the indicator organ was chosen 
on the basis of total number of conditions observed, the 
liver, gill and stomach had the greatest value . Gill and 
stomach have a direct contact with the environment 
while liver metabolizes the compounds assimilated from 
the environment . 

The kidney is a very important excretory organ 
and thus its metabolic functions would be influenced by 
pollutants that enter the blood stream . Tissue of the kid-
ney would be altered by such environmental pollutants 
and therefore this organ should be considered for collec-
tion . While a number of conditions were reported for 
the gonad, the variables inherent in the collection of this 
organ (season, maturity, sex, difficulty in sampling) 
tend to reduce the reliability for useful comparisons 
between specimens . Muscle was relatively free of condi-
tions and did not appear to hold much value as an indi-
cator of fish health . In future studies, e.g ., those relat-
ing to hydrocarbon sediments, the examination of skin 
from benthic fish species (e .g ., Mexican flounder) 
would be valuable in assessing the influence of body 
contact with heavy crude or a fraction of it . 

Of bivalves, the digestive gland and gill tissues 
contained a larger number of pathologies than the other 
tissues . Excretory tissue contained the least . The gill and 
muscle tissues of crabs bore a larger number of pathol-
ogies than other tissues while the heart, gut and gonad 
contained the least number . In shrimps, gill and diges-
tive gland tissues had a larger number of pathologies 
than the other tissues . Heart, excretory and gonad con-
tained the least number of pathologies . 
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VI. CONCLUSIONS 

A. Vertebrates 
Three platform sites strongly implicated as contami-

nated by hydrocarbons and/or trace metals occurred 
among the top six in total number of histopathological 
conditions . All eight of the platform sites which ranked 
high in histopathological conditions were located in the 
eastern part of the study area and had spadefish as one 
of the species sampled . Two of these eight platform sites 
ranked low in effects of hydrocarbons and were "prob-
ably not" affected by trace metals . 

The four control sites occurred among the bottom 
seven in number of histopathological conditions . All 
four ranked medium in effects of hydrocarbons and 
were "possibly" affected by trace metals . Three were 
located in the eastern and one in the western part of 
the study area . Spadefish were not among the species 
sampled . 

Two platform sites which occurred among the bot-
tom four in low number of histopathological conditions 
ranked high in effects of hydrocarbons. One, "proba-
bly" affected by trace metals, was located in the eastern 
part of the study area and one, "possibly" affected by 
trace metals, was located in the western part of the study 
area . 

In assessing the disparate information on the plat-
form sites which ranked high in histopathological condi-
tions, one must consider the fish species which showed 
the highest levels of histopathological conditions . Dur-
ing this study, the spadefish consistently had a high 
level . This may be due to the fact that the spadefish lives 
most of its adult life in association with a structure such 
as a production platform, or it may reflect a natural 
proclivity of this schooling species to acquire parasites 
and disease conditions . 

All of the sites high in histopathological conditions 
were located in the eastern part of the study area, and all 
the sites in the western part of the study area ranked 
either medium or low in number of conditions . This 
suggests that the set of platforms in the eastern part of 
the study area which consistently show contamination, 
whether from production or other sources, are those lo-
cations where stress is greatest on fish . Conversely, the 
supposedly least stressed sites show the fewest histopa-
thological conditions . 

1. Muscle 
A total of 29 muscle conditions was reported in 

233 specimens examined . Of these conditions, 27 were 
encapsulated protozoa and the rest were helminths . 
There was an average of 0.12 conditions per muscle 
specimen, which comprises .97% of the 2959 conditions 
reported for the entire study . 

2. Liver 
Nonsymbiotic conditions in fish hepatic tissue 

consisted of mononuclear leukocytosis, acidophilic 
granular cells, chromatophore pigmentations, pericho-
langial fibrosis, necrosis, and lipid accumulation. These 
conditions were widespread in samples of the 12 species 
studied . Nonsymbiotic conditions were generally most 
intense in sheepshead and spadefish . 

Symbiotic conditions consisted of protozoa, 
cysts, granulomas, and helminths. Approximately one 
third of all livers sampled had a symbiotic condition. 
Many livers were free of symbionts, while some species 
contained several infestations . 

The average number of all (symbiotic and non-
symbiotic) conditions for each liver specimen was: 1.5 at 
the control sites, 3.4 at the primary sites, and 3.4 at the 
secondary sites . 

3. Gut 
Stomachs of 235 fish specimens from 12 species 

were examined microscopically for symbiotic and non-
symbiotic conditions . There was an average of 2.7 con-
ditions per specimen . The average number of symbionts 
per specimen was 1 .2 . In general, spadefish had the larg-
est average number of conditions per specimen (4 .3), 
while rough scad had the smallest (0.0) . Sites S20 and P1 
had the highest average number of conditions per site 
(20.7), while Sites C'.22, C24, and P2 had the lowest 
(1 .2) . The average number of all (symbiotic and non-
symbiotic) conditions for each gut specimen was : 1 .6 at 
the control sites, 2.4 at the primary sites, and 3.0 at the 
secondary sites . 

4. Gonad 
In fish, both ovarian and testicular cycles can be 

readily divided into four phases for evaluation of histo-
pathological conditions . Acidophilic cells, atretic ova, 
encapsulated cysts, degeneration, chromatophores, leu-
kocytosis, helminths, and protozoa were observed in or 
associated with fish gonads . Acidophilic cells, chro-
matophores, and leukocytic condition(s) were the most 
frequently observed for any particular collection site . 
The status of the ovogenic and spermatogenic cycles at 
the time specimens were collected correlated well with 
the known spawning times for respective species of fish . 

S. Kidney 
In the kidney, chromatophores and parasites 

(primarily protozoa) were the most frequently encoun-
tered conditions . To the extent that these can serve as in-
dicators of environmental stress, such conditions seem 
to lend themselves most valuably to the health assess-
ment of this organ . C:hromatophores directly associated 
with foreign invaders appear most important for this 
analysis and would thus serve to index such invasion . 
An overview of parasite activity in this study generally 
indicates a higher incidence among primary and second-
ary sites than at the controls . Substantiation or clarifica-
tion of this finding, however, must await studies for 
which species examined are the same for all sites . The 
variables must be controlled if more definitive correla-
tions are to be made. 

6. Gill 
Parasites were commonly seen in gill tissue, but 

the condition could not be correlated with the prox-
imity of oil or gas wells or with high concentrations of 
hydrocarbons . 
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B. Invertebrates 

1 . Bivalves 
From the standpoint of bivalves, the control sites 

selected are not satisfactory sites to determine the ef-
fects of platforms on biota. No bivalves were collected 
at Site C24 and Sites C22 and C23 appear to be highly 
stressed by factors unrelated to petroleum industry 
activities . 

Metazoan parasites were almost entirely re-
stricted to benthic bivalves . Very few were found in 
platform associated bivalves . The extreme difference in 
niches makes comparisons of sites where benthic species 
were collected with sites where platform associated spe-
cies were collected difficult . 

Incidence of symbioses differs considerably 
between species. This makes comparisons between 
species difficult. Incidences of some symbioses may be 
seasonal . 

Excretory and gonadal tissues contained the least 
number of conditions for bivalve organs while gills 
and digestive glands contained the highest number of 
conditions . 

Bivalves at Sites S6, S8, S13, C22 and C23 
appeared to be stressed . 

2. Crabs 
Because most of the species studied were swim-

ming crabs, it is not known if the specimens studied 

were recent immigrants to the sites or old residents, 
making their usefulness questionable . 

Portunid (swimming) crabs at control sites had 
fewer conditions than those from secondary sites . 

Callinectes similis contained more conditions per 
specimen than the other species examined . 

Some symbiotic conditions are influenced by 
host specificity and season . Crabs contained fewer sym-
bionts than bivalves . 

With the exception of gill symbionts and leuco-
cytoses, crabs from platform sites off Louisiana con-
tained fewer symbiotic and nonsymbiotic conditions 
than the same species from predevelopment areas along 
the South Texas Outer Continental Shelf . 

3. Shrimps 
The migratory nature of penaeids limits the use-

fulness of data collected from them for determining 
sources of low-level, chronic pollution. 

The failure to obtain penaeid samples from two 
of the four control sites and one of the four primary 
sites adversely influenced the comparative utility of data 
collected during Cruise I . This situation was further 
complicated by the fact that a single penaeid species 
could not be obtained from all sampling sites . 

Variation in the incidences of histopathologies 
(both symbiotic and nonsymbiotic) were noted among 
the three penaeid species examined. 

Penaeids collected from Sites P2, S7, and C23 
displayed the highest incidence of histopathologies . 
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APPENDIX A 

Maps of the Study Area 
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APPENDIX B 

Distribution of Histopathologies in each Organ at Collecting Sites for each Species 
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Sites 

Atlantic Croaker 

P2 S5 S6 

(Micropogon 

S8 S9 

unduZatus) 

S13 C21 Subtotal Total 

Organs 
Stomach 5AC 5AC 4AC lAC 2AC 4A.C 21AC 107 

2CE 4CE 4CE HE 5CE HE 2GE 23CE 
5HC 5HC 4HC 1HC 1HC 16HC 

3LL 4LL 3LL 5LL 3LL 4LL 3LL 25LL 
1PZ 2PZ 3PZ 1PZ 1PZ 2PZ 3PZ 13PZ 
2SH 1SH 1SH 2SH 1SH 2SH 9SH 

Kidney 2AC lAC 3AC 80 
1HC 5HC 5HC 5HC 5HC 5HC 5HC 31CH 

1TD 3TD 4TD 
3PE 1PE 1PE 2PE 1PE gPE 

2SH 2SH 1SH 4SH 3SH 1SH 13SH 
2PM 5PM 2PM 2PM 5PM 5PM 21 PM 

Gill 5AC lAC 3AC 3AC 12AC 79 
lEE HE 2EE lEE lEE 8EE 
1HP 1HP 1HP 3HP 
3LL 1LL 3LL 5LL 3LL 15LL 
5MC 2MC 2MC 9MC 

1PE 1PE 2PE 
5PZ 2PZ 1PZ 1PZ 9PZ 
1SA 1SA 2SA 

1SH 1SH 
5VG 2UG 2VG 5VG 1VG 3VG 18VG 

Liver 5AC 4AC 4AC 5AC 5AC 5AC lAC 29AC 89 
1BF 1BF 26F 2BF 4BF IOBF 

1DG 1DG 1DG 1DG 1DG 5DG 
2CE 2CE 

2HC 3HC 5HC 5HC 5HC 4HC 1HC 25HC 
3LL 1LL 2LL 1LL UL 1LL 1LL IOLL 

1LP 1LP 
1PZ 1PZ 1PZ 1PZ 4PZ 

2SH 1SH 3SH 

Muscle 1PE 1PE 0 0 0 0 0 2PE 

Gonads lAC 5AC 3AC 4AC 5AC 5AC 3AC 26AC 70 
1HC 4HC 2HC 5HC 5HC 17HC 

3A0 2A0 4AI 3A0 2A0 14A0 
2LL 2LL 

1CE 1CE 2CE 
2LF 1LF 2LF 5LF 

4DG 4DG 

Total 55 67 59 62 74 67 43 

See Append ix C for list of histopathologies codes 
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Rock Seabass (Centropristis phiZadeZphica) 
Sites S7 S9 S15 S17 Subtotal Total 

Organs 
Stomach 2AC 2AC 3AC 7AC 27 

ICE ICE 3CE 2CE 7CE 

1HC 1HC 2HC 

ILL ILL 2LL 4LL 
1SH 3SH 3SH 7SH 

Kidney 2AC l AC 2AC 3AC 8AC 42 
4HC 5HC 4HC 4HC 17HC 
4PM 4PM 5PM 3PM 16PM 

1PE WE 
Gill 2LL ILL ILL 2LL 6LL 20 

1SX 1SX 2SX 

1SH 1SH 2SH 

1UG 2UG 3VG 
5MC 5MC 
1PZ 1PZ 
1SA 1SA 

Liver 2AC 2AC 2AC 2AC 8AC 43 

3BF 5BF 5BF OF 17BF 

ICE ICE ICE HE 

2DG 2DG 
4HC 4HC 8HC 

4LL ILL ILL 2LL 8LL 

1SH 1SH 2SH 
Muscle 0 0 1SH 0 1SH 1 

Gonad 4AC 4AC 4AC 4AC 16AC 46 

ICE ICE 2CE 

3A0 2A0 5A0 
2DG 2DG 

4HC 3HC 5HC 3HC 15HC 
2LC 2LG 

2SH 2SH 

1LF 1LF 2LF 

Total 44 38 49 53 
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Red Snapper (Lutjanus ccnrrpechanus) 

Sites P3 S18 Subtotal Total 
Organs 
Stomach 2CE 2CE 4CE 13 

3PZ 1PZ 4PZ 
5LL 5LL 

Kidney 1 AC I AC g 
1GS 1GS 

1HC 1HC 
2PE 2PE 
1PL 1PL 
2PM 2PM 

Gill 5AC 5AC 36 
5ST 5ST 

2EE lEE HE 

5LL 5LL LOLL 

3PZ 3PZ 

5MC 5MC 

1PC 1PC 
4VG 4VG 

Liver lAC lAC 27 

OF 5BF 9BF 

1DG 1DG 
4HC 4HC 

4LL 2LL 6LL 
3LP 3LP 

3PZ 3PZ 
Muscle WE 1PE 2PE 2 
Gonad 4RG ERG 8 

2AC 2AC 
2DG 2DG 

Total 54 40 
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Sand sea trout Rough scad Batfish 
(Cyanoscion arenarius) (Trachurus Zathami) (HaZieutch thus 

aculeatus) 

S i tes C24 Total C22 Total C22 Total 

Organ 
Stomach ICE 7 0 0 8 

1HC 
4PZ 4PZ 
1SH 4SH 

Kidney 4AC 10 4 0 0 
4HC 3HC 
IN 
1XX 

1SH 

Gill 4LL 12 9 8 
3PZ 1PZ 
2SA 
3VG 3VG 1VG 

HE 2EE 
3SX 

2MC 
2PC 

Liver 4BF 14 6 1BF 3 
2CE 
5HC 
3PZ 1PZ 

3AC lAC 
ILL 
1 LP 

1SH 

Muscle 0 0 0 0 0 0 

Gonad 4A0 7 0 0 2A0 4 
ICE 
2HC 

2DG 

Total 50 19 23 
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Longspine porgy (Stenotomus caprinus) 

Sites S15 S16 S17 C23 Subtotal Total 

Organ 
Stomach 5AC 3AC 5AC 5AC 18AC 51 

4CE ICE 3CE 8CE 
1HC 1HC 2HC 

4LL 3LL 5LL 12LL 
4PZ 1PZ 2PZ 3PZ IOPZ 
1SH 1SH 

Kidney 5AC 3AC 5AC lAC 14AC 50 
5NC 5HC 5HC 5HC 20HC 
3PM 1PM 5PM 3PM 12PM 
3XX 1XX 4XX 

Gill 5AC 5AC 5AC 5AC 20AC 51 
HE 4EE 5EE 
4LL 5LL 5LL 2LL 16LL 
1PZ 2PZ 3PZ 
1SA 1SA 

1SH 1SH 
1VG 1VG 3VG 5VG 

Liver 5AC 3AC 5AC lAC 14AC 56 
3BF 4BF 7BF 

ICE ICE 
5HC 5HC IOHC 

1DG 1DG 
5LL ILL 3LL 9LL , 
3LP 2LP 5LP 
5PZ 2PZ 7PZ 
1SH 1SH 2SH 

Muscle 1PE 0 0 0 1PE 

Gonad 4AC 2AC 4AC 2AC 12AC 35 
4DG 2DG 4DG IODG 
4HC 4HC 8HC 
1LF 1LF 

4A0 4A0 

Total 88 37 79 40 
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Sea Catfish (Arius fetis) 

Sites P2 S5 S19 C21 C24 Subtotal Total 
Organ 
Stomach 4CE 4CE 5CE 3CE 5CE 21CE 45 

ILL 3LL 5LL ILL LOLL 
lAC lAC 2AC 
3PZ 3PZ 6PZ 

1SH 1SH 
5HC 5HC 

Kidney 1GS 1GS 33 
5HC 5HC 4HC 1HC 5HC 20HC 
2SH 1SH 1SH 1SH 5SH 
2TD 1TD 3TD 

3AC 3AC 
1PM 1PM 

Gill 3AC 3AC 64 
2EE 4EE 5EE 11EE 

2HC 2HC 
3HP 1HP 4HP 
2LL 3LL 5LL 3LL 13LL 
5MC 5MC IOMC 

2PE 1PE 3PE 
3PZ 1PZ 4PZ 

2SH 2SH 
5VG 2VG 5VG 12VG 

Liver lAC lAc; 75 
2BF 1BF 4BF 2BF 3BF 12BF 
2DG 3DG 3DG 1DG 9DG 
5HC 5HC 4HC 5HC 5HC 24HC 
4LL 3LL 5LL 5LL ILL 18LL 

2CE ICE HE 
1SH 1SH 
UP 4LP I LP 7LP 

Muscle PE 1PE PE 3PE PE 16PE 17 
1SH 1SH 

Gonad lA0 3A0 0 4A0 36 
4HC 5HC 5HC 5HC 19HC 
ILL ILL 
1MA 1MA 

3AC 2AC 5AC 
1LF 1LF 

5DG 5DG 
Total 63 54 64 45 44 
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Pinfish (Lagodon rhomboides) 

Sites P3 P4 C23 Subtotal Total 

Organs 
Stomach 4AC 4AC 4AC 12AC 39 

2CE 3CE ICE 6CE 
ILL 3LL ILL 5LL 
4PZ 2PZ 4PZ IOPZ 

1VG 1VG 
2SH 3SH 5SH 

Kidney 1HA 1HA 16 
3HC 3HC 3HC 9HC 
2PM 3PM 5PM 
1SH 1SH 

Gill 4AC 5AC 9AC 58 
2EE lEE 5EE 8EE 
1HP 1HP 2HP 
4LL 5LL 9LL 
4MC 5MC 9MC 
3PZ 3PZ 6PZ 

3SX 3SX 
4VG 5VG 3VG 12VG 

Liver 4AC 5AC 9AC 45 
3BF 5BF 8BF 

1DG 1DG 
4HC 5HC 9HC 
3LL 3LL ILL 7LL 
3LP 2LP 5LP 
1PZ 3PZ 4PZ 
1SH 1SH 2SH 

Muscle WE 0 0 1PE 1 

Gonad 3AC 3AC lAC 7AC 22 
lA0 2A0 3A0 

2CE 2CE 
2HC 3HC 5HC 

1DG 1DG 
2LG 1LG 3LG 
ILL ILL 

Total 68 83 30 
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Mexican flounder (CycZopsetta ehittendeni) 

Sites P4 S7 S14 S16 Subtotal Total 

Organ 
Stomach 2CE 2CE 2CE 6CE 29 

ILL ILL 
2PZ 5PZ 1PZ 5PZ 13PZ 
4SH 1SH 5SH 

2HC 2HC 
2AC 2AC 

Kidney 2HC 3HC 4HC 2HC 11HC 33 
1PE WE 
2PM 2PM 3PM 7PM 
1SH 1SH 

2AC 5AC 7 AC 
1XX 2XX 3XX 6XX 

Gill HE HE 2$ 
5LL 5LL 

4PZ 4PZ 
1SH 1SH 2SH 
2VG 2VG 

4MC 5MC 9MC 
PC 1PC 
1SX 1SX 
1SA 1SA 

Liver ILL 0 ILL 11 
1SH 1SH 

1HC 1HC 
OF OF 
1DG 1DG 

1PZ 2PZ 3PZ 

Muscle 0 0 0 0 0 0 

Gonad 3A0 lA0 lA0 3A0 8A0 16 
lAC lAC 3AC 5AC 

3IN 3IN 

Total 31 23 19 44 
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Sheepshead (Archosargus probatoeephaZzis) 

Sites P1 S10 S11 S12 S2.0 Subtotal Total 

Organ 
Stomach 5AC 3AC 5AC 5AC 5AC 23AC 75 

5CE ICE ICE HE HE 13CE 
3HC 3HC 6HC 

4LL ILL 3LL 5LL SI.L 18LL 
4PZ 1 PZ 4PZ 1 F'Z l OPZ 
2SH 1 SH 1 SH 4SH 
1VG 1VG 

Kidney 5HC 3HC 5HC 5HC 5HC 23HC 48 
4PE 1PE 3PE 4P'E 12PE 
2SN 2SN 

2AC 5AC 7AC 
2PM 2PM 
2SH 2SH 

Gill 5AC 3AC 5AC 5AC 5A,C 23AC 99 
2EE 2EE 
5HP 2HP 2HP 9HP 
5LL 2LL 5LL 5LL 5LL 22LL 
5MC 2MC 2MC 5MC 14MC 
1PZ 2PZ 2PZ 3PZ 8PZ 
5VG 3VG 5UG 2VG 1VG 16VG 

ICE ICE 
2ST 2ST 

2SH 2SH 
Liver 5AC 3 AC 5AC 5AC 5AC 23AC 120 

4BF 3BF 4BF 5BF 4BF 20BF 
2DG 1DG 1DG 1DG 4DG 9DG 
2CE 4CE 6CE 

1SH 1SH 
5HC 3HC 5HC 5HC 5HC 23HC 
5LL 3LL 5LL 5LL 4LL 22LL 
UP 1LP UP 3LP 
3PZ 3PZ 4PZ 3PZ 13PZ 

Muscle 
2PE 0 1PE 0 2PE 5PE 

Gonad 5AC 3AC 5AC 5AC 5AC 23AC 82 
2A0 3A0 3A0 lA0 9A0 
3DG 3DG 6DG 
3HC 2HC 3HC 4HC 4HC 16HC 
5LF 1LF 4LF 2LF 12LF 
1PZ 1PZ 
1RG 1RG 

ILL ILL 
2SH 2SH 

ICE ICE 

Total 109 55 74 86 96 
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Spadefish (Chaetodipterus faber) 
Sub-

Sites P1 S6 S8 S10 S11 S12 S13 S14 S18 S19 C20 total Total 
Organ 
Stomach 5AC 5AC 5AC 5AC 4AC 5AC 2AC 5AC 5AC 5AC 5AC 51AC 238 

4CE 3CE 4CE 2CE 5CE 3CE 3CE 5CE 5CE 2CE 4CE 40CE 
3LL 5LL 4LL 5LL 5LL 4LL 5LL 5LL 5LL 5LL 5LL 51LL 
5PZ 5PZ 5PZ 5PZ 5PZ 5PZ 4PZ 5PZ 5PZ 5PZ 4PZ 53PZ 
3SH 3SH 4SH 1SH 1SH .12SH 

2HC 4HC 2HC 3HC 1HC 4HC 5HC 5HC 5HC 31HC 
Kidney 2AC 5 AC 5 AC 5AC 3AC 5 AC lAC 4 AC 5 AC 35 AC 53 

WA 1HA 
5HC 5HC 5HC 5HC 5HC 5HC 5HC 5HC 5HC 5HC 5HC 55HC 
1PE 1PE WE 1PE 4PE 
2PM 5PM 5PM 5PM 5PM 5PM 5PM 2PM 5PM 5PM 5PM 49PM 
2SN 2SN 
1TD 1TD 

1XX 1XX 
1SH 1SH 1SH 2SH 5SH 

Gill 5AC 5AC 5 AC 2AC 5 AC 5AC 5 AC 5 AC 37AC 
ICE ICE 

5EE HE 4EE 2EE 2EE 2EE 18EE 
2HP 1HP 1HP 1HP 5HP 

1ST 2ST 3ST 6ST 
5LL 5LL 2LL 5LL 4LL 5LL 5LL 5LL 5LL 5LL 5LL 51LL 

1SH 2SH 3SH 
5MC 3MC 1MC 9MC 

WE WE 2PE 
3PZ 2PZ 2PZ 7PZ 

2SA 2SA 2SA 1SA 1SA 3SA 11SA 
5VG 3VG 5VG 1VG 4VG 2VG 3VG 1VG 1VG 25VG 

Liver 3AC 2AC 4 C 3 C AC C 3AC 21 AC 247 
4BF 5BF 4BF 1BF 5BF 5BF 4BF 5BF 4BF 5BF 4BF 46BF 

ICE ICE ICE ICE ICE 5CE 
1DG 5DG 1DG 5DG 2DG 1DG 5DG 3DG 1DG 2DG 26DG 
5HC 5HC 5HC 5HC 5HC 5HC 5HC 5NC 5HC 1HC 5HC 51HC 
ILL 4LL 3LL 4LL 4LL 3LL 4LL 5LL 4LL 4LL 2LL 38LL 

1PZ 3PZ 2PZ 1PZ 2PZ 1PZ 1PZ 11PZ 
4LP 5LP 5LP 5LP 5LP 5LP 5LP 5LP 5LP 5LP 49LP 

Muscle 0 0 0 0 SH 0 0 0 0 TSH 1 
Gonad 4AC 2AC 3AC lAC 5AC 3 AC 5AC 3 AC 5AC 4AC 35 AC 117 

2A0 2A0 3A0 3A0 4A0 00 4A0 22A0 
1DG 1DG 5DG 7DG 
2HC 5HC 5HC 3HC 3HC 1HC 5HC 4HC 3HC 31HC 

1PZ 4PZ 5PZ 
2LF 4LF 1LF 3LF 1LF 1LF 1LF 2LF 2LF 17LF 

Total 35 92 86 79 93 77 83 88 90 69 89 
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APPENDIX C 

Key to Histopathology Computerized Raw Data 
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Column Information Characters Comments 

1-2 Year 78 
3-4 Month 01-12 01 = Jan . -12 = Dec . 
5-6 Site Number Assigned by BLM 
7 Site Type C Control Sites 

P Primary Platform 
S Secondary Platform 

8 Transect N North 
P Platform 

9-12 Distance 0100-2000 In meters (0500) 
13-15 2BA Assigned by SwRI 
16 Invertebrate I 

Vertebrate V 
17 Fixative P Primary (Helly's) 

S Secondary (Bouin's, 
Formalin) 

18-20 BS Assigned by SwRI 
21 Specimen Type B Bivalve 

C Crab 
F Fish 
S Shrimp 

22-23 Specimen Species AO Anadara ovaZis 
AZ Arca imbricata 
CA Pitar eordata 
CV Crassostrea virginica 
IR Isognomon radiatus 
NP Noetia poderosa 
OE Ostrea equestris 
TE TeZZina sp . 
CS CaZZineetes simiZis 
LN LeioZambrus nitidus 
PG Portunus gibbesii 
PS Portunus spinicarpus 
SA CaZZinectes sapidus 
SL Speocarcinus Zobatus 

A Micropogon unduZatus 
B Centropristis 

phi ZadeZphica 
C Lutjanus campechanus 
D Cynoscion arenarius 
H Stenotomus caprinus 
M Arius feZis 
P Trachurus Zathami 
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Column Information Characters Comments 

22-23 
(cont'd) Q HaZieutichthys 

aculeatus 
S Lagodon rhomhoides 
T CycZopsetta 

ehittendeni 
W Archosargus 

probatocephaZus 
X Chaetodipterus faber 
PA Penaeus azteeus 
PS Penaeus setiferus 
SE SquiZZa empusa 
TS Trachypenaeus simiZis 

24-26 Specimen Number 001-999 
27 Specimen Sex F Female 

H Hermaphrodite 
M Male 
U Unknown 

28 Sexual Maturity I Immature 
M Mature 
U Unknown 

29-31 Specimen Length 001-999 CM x 10-1 
32 Specimen Condition A Alive 

C Discovered 
D Dead 
G Gaper 
P Parasitized 
T Thin, sick-looking 

U,X Unknown 
33 Condition Intensity 0 Normal 

*Used with Condition 1* Hours Postmortem 
D 2* "" "" 3 * . . . . 

4* . . . . 

+ Used with other 
5* 
7+ 

. . . . 
Light 

Condition 8 
+ 

Medium 
9 Heavy 

34 Organ B Body Cavity (Hemocoel) 
C Cardiac (Heart) 
D Digestive (Gut) 
E Excretory (Kidney) 
F Foot 
G Gill 
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Column Information Characters Comments 

34 L Liver (Digestive Gland) 
(cont'd) P1 Muscle 

N Nerve 
R Reproductive (Gonads) 

Connective tissue 
35 Organ Condition A Autolysis 

N Normal 
0 No tissue 
P Parasitizes 
U Unknown 
V Very little tissue 

on slide 
36 Condition Intensity 6 Excellent 

7 Light 
8 Medium 
9 Heavy 
0 Not assessed 

37-39, Histopathologies AC Acidophilic granular 
41-43, cells 
45-47, AM Amoeba 
etc . AO Artretic ova 

BA Barnacle 
BF Biliary duct fibrosis 
CE Encapsulated cysts 
CU Unencapsulated cysts 
DE Deformation 
DG Degeneration 
DM Dermocystidium 
EE Edema 
FI Fibrosis 
FN Focal necrosis 
GR Granuloma 
GS Glomerular sclerosis 
HA Hyperplasia of 

arterial endothelium 
HC Chromatophores 
HE Hemorrhage 
HL Hemolymph 

accumulation 
HM Hyperplasia of 

mesonephric duct 
HP Hyperplasia 
HT Hypertrophy 
IF Inflammation 
IN Involuted 
LE Lesion 
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Column Information Characters Comments 

37-39 etc . 
(cont'd) 

40, Intensity 
44, 
48, 
etc . 

LF Focal leucocytosis 
LG General leucocytosis 
LL Leucocytic 

infiltration 
LP Lipid accumulation 
MA Macrophage 

infiltration 
h1C Mucous cells 
NP Neoplasm 
NS Nematopsis spores 
PA Pigment accumulation 
PC Protozoan ciliates 
PE Protozoa - encapsulated 
PL Protozoa - in tubular 

lumen 
PM Protozoa - in lining of 

mesonephric duct 
PN Pycnotic nuclei 
PZ Protozoa 
RG Regeneration 
RY Nemertine 
SA Copepod symbiosis 
SB Bacterial symbiosis 
SC Cestode symbiosis 
SD Degenerate symbiont 
SE Ectosymbiont (algae, etc .) 
SF Fungal (Plasmodiophoralid) 

symbiont 
SG Gregarine symbiosis 
SH Helminths 
Si Cnidarian symbiosis 
SM Microsporidian 

symbiosis 
SN Nematode symbiosis 
SP Sporozoan symbiosis 
ST Trematode symbiosis 
SX Myxosporidian 

symbiosis 
TA Tumor 
TD Tubular degeneration 
VG Vascular congestion 
YP Yellow pigment cells 
XX Xenoma 
1 Very Light 
2 Light 
3 Moderate 
4 Heavy 
5 Very Heavy 
9 Questionable 
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APPENDIX D 

Sample of Histopathology Data Reporting Form 
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HISTOPATHOLOGY DATA REPORTING FORM 
BLM CONTRACT 551-CT8-17 SwRI PROJECT 01-5245 WORK GROUP XI 

YEAR _ _ MONTH _ _ STATION NUMBER _ _ STATION TYPE- TRANSECT DISTANCE 
1 3 5 7 8 9 

SAMPLING STUDY .Z PARAMETER GROUP, SUBGROUP D A VERTEBRATE/INVERTEBRATE _ FIXATIVE_ 
13 14 16 17 

ANALYSIS ~ ~ LABORATORY 
18 20 

SPECIES SPECIMEN NUMBER _ _ _ SEX _ MATURITY _ LENGTH _ -.-cm SPECIMEN CONDITION 22 26 30 31 32 36 

ORGAN CONDITION HISTOPATHOLOGIES 
N 
J 

39 41 44 48 -52- -56- -66- 64 6B 72 76 80 84 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 



 
The Department of the Interior Mission 
 
As the Nation's principal conservation agency, the Department of the Interior has responsibility 
for most of our nationally owned public lands and natural resources.  This includes fostering 
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity; 
preserving the environmental and cultural values of our national parks and historical places; 
and providing for the enjoyment of life through outdoor recreation. The Department assesses 
our energy and mineral resources and works to ensure that their development is in the best 
interests of all our people by encouraging stewardship and citizen participation in their care. 
The Department also has a major responsibility for American Indian reservation communities 
and for people who live in island territories under U.S. administration. 
 
 
 
The Minerals Management Service Mission 
 
As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) 
primary responsibilities are to manage the mineral resources located on the Nation's Outer 
Continental Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and Indian 
lands, and distribute those revenues. 
 
Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program 
administers the OCS competitive leasing program and oversees the safe and environmentally 
sound exploration and production of our Nation's offshore natural gas, oil and other mineral 
resources.  The MMS Minerals Revenue Management meets its responsibilities by ensuring the 
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and 
production due to Indian tribes and allottees, States and the U.S. Treasury. 
 
The MMS strives to fulfill its responsibilities through the general guiding principles of:  (1) being 
responsive to the public's concerns and interests by maintaining a dialogue with all potentially 
affected parties and (2) carrying out its programs with an emphasis on working to enhance the 
quality of life for all Americans by lending MMS assistance and expertise to economic  
development and environmental protection. 
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