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ABSTRACT

Both particul ate and dissolved organic carbon (POC and DOC) were found
to fluctuate seasonally over the shelf of the Northeastern Gulf of Mexico. POC
reached the highest levels during the summer and winter and was at a m nimum
during the fall. DOC exhibited |low |levels during the summer and fall and was
at a maximum during the winter. \Wen different regions of the GQulf shelf were
consi dered PQC was found to be nore variable, following localized seasonal
patterns, whileDOC was found to be remarkably uniformthroughout the study area.

Wthin each season the apparent |evels of particulate and di ssol ved organic
carbon were not generally found to differ statistically when distance from shore
or transects were considered. An exception to this was a decline in POC
i medi ately offshore during the fall. Tabulation of POC and DOC quantities
did suggest that trends related to the spatial distribution of organic carbon
may have existed but were statistically undetectable. |Individual stations were
found to exhibit no consistent discernible patterns throughout the year, al-

t hough the winter was a period of uniformty for both POC and DOC t hroughout
the shelf.

Levels of particulate carbon were closely related to phytoplankton standing
stocks, as estimated by chlorophyll a, along the entire Northeastern CGulf shelf
al though the relationship was strongest near shore. Measured quantities of
di ssol ved organi c carbon could not be related to any of the parameters con-

sidered in this study.



| NTRODUCTI ON

Particulate (POC) and dissolved (DOC) organic carbon are commonly
measured oceanographic parameters. Al though the precise chem cal conposition
and ecol ogi cal significance of these sea water constituents remains poorly
understood, their origin, quantity and distributionare inmportant because
they are known to influence chem cal and biol ogical processes occurring in
the sea. Consisting of both living and detrital elenments, the particulate
material may influence the light distribution properties of sea water,
serve as a substrate for bacteria, or provide food for a variety of other
mari ne organi sns (Johannes, 1965; Freidrich, 1969; Parsons, 1963; Riley and
Chester, 1971; Yentsch, 1962). The dissolved organics nay be utilized directly
as food by sonme narine organisms, they nmay function as inhibitors or stimulants
to growth, or provide needed trace el enents bound to organic conplexes
(Quillard and Cassie, 1963; Johnston, 1963; Poneroy, et. al., 1963; Riley and
Chester, 1971; Zobell, 1946). Duursma (1965) has also indicated that DOC may
sonmetimes be considered a conservative property of large water nasses. QO her
studi es suggest the possibility that interconvertability between POC and DCC
may exist (Baylor and Sutcliffe, 1963; Riley, 1963).

The general in situ processes controlling the production and distribution
of POC and DOC are reasonably well understood and function sinilarly through-
out the world' s oceans. However, in marine areas adjacent to |and masses
such as over the continental shelf, these processes becone nore conplex as
both man made and natural terrestrial influences enter into consideration.

This investigation was designed to describe the tenporal and spatia
fluctuations in the levels of POC and DOC al ong the continental shelf of the
Northeast Qulf of Mexico from Pascagoula, M ssissippi to Tanpa, Florida.

Additionally, the relationship of these parameters to terrestrial influences,



in situ biological processes, and chenical and physical oceanographic para-
meters was exanmined. All data were collected concurrently during three
sanpling periods: June/July 1975, Septenber/ Cctober 1975, and January/ February

1976.

Previ ous Research

In the late nineteenth century the chenical oceanographer Konrad Natterer
was, apparently, the first to note the presence of dissolved organic natter
in sea water (Anderson, 1969; Duursma, 1965). In the routine course of chemical
anal ysis on sea water sanples Natterer noted that the dry wei ghts neasured ex-
ceeded those which were expected based upon the known chemi cal conposition of
sea water. By precipitating inorganic and extracting the organics from an
evaporated filtrate using ethyl alcohol, Natterer was able to denonstrate the
possi bl e presence of palmtic and stearic acids as well as glycerol. He
attributed the existence of dissolved organic materials to the deconposition
of marine organisns.

By the tine data was first published (1892-94) on Natterer’'s work he had
refined his technique such that he was able to report approxinmately two nmlli-
granmiliter of dissolved organic carbon for open surface sea water, and as nuch
as one order of magnitude higher in coastal waters. Although dissolved organics
had been known to be present in fresh water aquatic systems for some tine, his
findings aroused great interest and controversy prinmarily because the anount of
di ssol ved organic matter was hi gh when conpared to that in suspension (Anderson
1969; Duursna, 1965)

In the years immediately followi ng the publication of Natterer’s work,

great interest in this organic reservoir in sea water was evi denced by biol ogists



who specul ated on the possible utilization of dissolved organics as a food
source by marine organisns. A forenpost proponent of the theory that narine
ani mal s obtained a major portion of their nutrient requirenents fromdis-
sol ved substances was Putter (1908). I n subsequent years, narine research, which
concentrated on the food potential of DOC, was able to substantially discard
this prelimnary theory (Duursma, 1965; Friedrich, 1969, Keys, et. al., 1935).

DOC originates fromterrestrial sources, decay and subsequent dissolution
of dead organisms, and the excretion products of phytoplankton, zoopl ankton,
and larger marine organisns (Riley and Chester, 1971). \ile terrestrial
sources may forma nejor input to neritic waters, the relative contribution
of the latter two conponents depends upon |ocation (Duursma, 1961; Duursna,
1965; Hellebust, 1965; Wangersky, 1965; Wod, 1963).

It is apparent that the presence of DOC, or some conponent of it, is
required for marine life to exist. Few, if any, marine organisns are able
to survive in saline solutions identical in all respects to sea water but
| acki ng dissolved organics (Wagner, 1969). This know edge suggests, and re-
search has indicated, that DOC may provide food ‘for marine bacteria (Keys,
et. al., 1935; Zobell, 1946), basic nutrients and vitamns required to sus-
tai n phytoplankton growth (Guillard and Cassie, 1963; Pomeroy, _et. al., 1963)
and stimulants and inhibitors to growth such as marine giberillins (Johnston,
1963). Related to the final category are toxins and antibiotics excreted by
sone species which have pronounced effects on other species. Phytopl ankton
are notorious for this activity, a dramatic exanple of which is the |ethal
red tide (Riley and Chester, 1971).

The particulate fraction of the organic naterial present in sea water

has never been universally defined and accepted with respect to size. Sone



investigators have suggested that particulate material which is not truly

di ssol ved may exist to 0.003 u (Sharp, 1973). An average definition, con-
sidering the range found in the literature, would probably be that suspended
organi ¢ material which is retained by a’ filter having a pore size of 0.5 u
(Riley =24 Chester, 1971).

POC is conprised of living organisms and non-living detritus. The living
portion Is composed predom nantly of phytoplankton with |esser contributions
from bac=eria, yeasts, fungi, and zooplankton. The nekton are usually ex-
cluded from consideration because of their insignificant contribution to the
total cuzntity of oceanic organic carbon (Friedrich,1969; Parsons, 1963; Riley
and Ches=er, 1971). The living segment is usually taken to be about 10 percent
of the total particulate organic material , although ATP extraction has in-

di cated <hat 25 percent may be a more accurate minimumfigure (Parsons, 1963;
Sheldon, et. al.,, 1973). The detrital portion of POC can consist of any organic
refuse including dead phyto or zooplankton, fecal material, or organic aggregates
adsorbed on inorganic substrates (Parsons, 1963).

Ecol ogically, the interrelationships of POC with other environmental para-
meters are sonewhat better known than those of DOC. The ampunt of particul ate
material affects the distribution of light in the photic zone (Friedrich, 1969).
POC is known to furnish substrates for bacteria and the suggestion has been nade
that, while energy budgets of pelagic microorganisnms remain unknown, a substantia
portion of nutrients may be regenerated wholly within the photic zone (Parsons,
1963; Wod, 1963). Johannes (1965} has further argued that marine portozoans,
feedi ng upon bacteria-containing particul ate organi c aggregates conplete the
cycle of nutrient regeneration.

It is, of course, well known that the living elenents of POC, such as



phytoplankton, furnish food for larger organisms. Wile the conplete picture
of utilization of the detrital POC is unclear, research has indicated it may
be emrloyed in several ways. Detritus may constitute a satisfactory food
source for some zooplaniton (Baylor and Sutcliffe, 1963; Parsons, 1963). Qher
zooplankton may rely on detritus for survival during periods of phytoplankton
paucity (Parsons, 1963; Riley, 1963; Riley and Chester, 1971). Work by
Poulet (1973) has indicated that certain copepods are size selective feeders
regardl ess of whether the food source is living or dead.

“Yany observers have noted and worked with the dissolved organic aggregates
occurring at the ocean surface which are classified as natural sea slicks.
Evi dence appears to support the contention that these slicks play inportant
roles in the devel opnent of neustonic popul ations (Banse, 1964, Garrett, 1967
Hardy, 1973). It is also at the sea surface that the potential interconvert-
ability of the organic material fromthe dissolved to the particul ate phase
may take place. Natural surface processes, such. as wind and wave action, are
apparently sufficient to produce particulate aggregates from the available
dissolved material (Riley, 1963). This process has been replicated in the
| aboratory by bubbling filtered sea water and the particulate material so pro-

duced was sufficient to maintain a culture of the brine shrinp Artemia salina

(Bayl or and Suteliffe, 1963).

How i nportant or extensive this process may actually be is unknown since
the rate at which it occurs under natural conditions renains undetermn ned.
Riley (1963) has submitted that the dissolved organic fraction of sea water
represents a huge pool of available nutrients rather than material in a re-
fractory or transient state. At |east sone of the dissolved material is con-
verted to particulate form and enployed as food. The result may be a steady-

state systemwhich fully utilizes and provides a connecting |ink between the



di ssolved and particulate reservoirs of organic nmaterial (Riley, 1963).

While a clear ecological picture of the overall inportance of POC and
DCC in the marine environment has yet to energe, their quantity and distri-
bution patterns in the open ocean are well known and generally agreed upon
Throughout the world the quantity of DOC ranges from about 0.05 to 2.0 mg/% with
val ues above 1.2 mg/% occurring infrequently. The particulate fraction is
typically about 10 percent of the dissolved fraction ranging from approxinately
0.0lto 0.15 rig/l. Both fractions exhibit their highest values at the surface
decrease with increasing depth, and reach low relatively constant values, both
spatially and tenporally, below 200-500 m (Duursma, 1961; Duursma,1965; Gordon
and Sutcliffe, 1973; Menzel, 1967; Menzel and Goering, 1966; Sharp, 1973
Wagner, 19£9; Wanger sky, 1965; Wangersky and Gordon,1965). Onng to the com
plexity of shelf environments, these areas &> not display such well defined
distribution patterns and may exhi bit POC and DOC val ues an order of magnitude
hi gher than those reported for the open ocean (Dryer, 1973; Fredericks and
Sackett, 1970; Maurer and Parker, 1972).

The very linmited previous research concerning DOC and POC in the shelf
and open Qulf environnments of the Gulf of Mexico has shown @ulf distribution
profiles to be essentially simlar to those of P0C and DOC reported el sewhere.
However, while the quantity of DOC was also similar to other ocean areas, PCC
values in the open Qulf were five times higher. This difference was attributed
to land runoff and a relatively large continental shelf area with high pro-
ductivity (Fredericks and Sackett, 1970).

Working primarily in the western and north central US. Qlf, Fredericks
and Sackett, (1970) also found a sharp gradient in DOC values from the coast

to the edge of the shelf. A later, nore detailed survey including sone of
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the sane area studied by Fredericks and Sackett (197'0) did not substantiate

the existence of this gradient, but rather found bands of maxi mum and mi ni num
DOC values whi ch were attributed to water circulation patterns superinposed

on the input of DOC from coastal regions (Maurer and Parker, 1972). Those areas
of the sulfr which have been reported on were not studied seasonally. No
publ i shed work is available on the distribution of organic carbon along the

continental shelf of the Northeastern Gulf of Mxico

Area of Tnvestigation

Sarmzles were collected three times during the year at each of 15stations
whi ch were distributed along four offshore transects on the continental shelf
of the Zcrtheast GQulf of Mexico from Pascagoula, Mississippi to Tampa, Florida
(Figure 1). The sampling periods were June/July 1975, September/Cctober 1975,
and January/February 1976. Al sanmples were collected during the nmorning hours
(Or00-10CO) and all stations were sanpled at ten neters depth. Additiona
sanpl es were taken at the one percent light level at nost of the deeper stations.

The landward portion of the study area reflects great diversity in both
human and natural devel opnent which m ght be expected to influence offshore
processes related to organic carbon distribution. The most northern and western
Transect IV lies off the coast of industrial areas of M ssissippi and Al abama
proximate to the Mssissippi River and Mbile Bay systenms. Transect II, to the
south of Apalachee Bay, Florida is adjacent to humi d, densely vegetated,
relatively undevel oped land areas. Transect IIl, running southwestward from
Panama City, Florida shares common characteristics with both of the previously
mentioned transects. Transect | runs westerly off Tanpa, Florida, an area of

i ntense coastal devel opnent.
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Similarly diverse are the offshore environments. The two nobst northerly
and westerly transects lie above a relatively conpressed shelf area and con-
verge on either side of the northern boundary of the DeSoto Canyon. Transect
Il includes the coral formations of the biologically diverse and highly pro-
ductive Florida Middle Ground, while the southerly transect cuts across the
very broad gently sloping shelf area to the west of Tanpa

Little published data exists on the physical oceanography and current
patterns for the entire study area. An exanination of the avail able data does
suggest that the study area embraces two distinct physical oceanographic
regions. The first of these runs along the shelf from Tanpa Bay to Cape
San Bias and includes Transects | and Il. This area is principally influenced
by I and run-off al though the Loop Current may exert some influence on its
extreme southern and outer boundaries at certain times during the year. Surf ace
currents in this area nmove slowy alongshore in a Northwesterly direction
t hroughout nost of the year. The second regi on extends from Cape San Bias to
Mobi | e Bay and includes Transect Il and IV. This is an area of greater
complexity than the first, being heavily influenced by the M ssissippi River/
Mobile Bay systens. Currents in this area can be extrenely conpl ex eddy
structures heavily affected by both of the extuarine areas noted and the Loop

Current (Jones, 1973).
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METHODS AND MATER | ALS

Sanpling

Sea water sanples fromthe Gulf of Mexico used to neasure POC and DOC
were collected aboard R/V TURSIOPS using acid cleaned, well rinsed, 30 & PVC
Ni skin samoling bottles equipped with teflon fittings. This type of sanpler
has been found not to contribute any measurable | evel of organic contam nation
(Gordon, 1969). A subsample of ten to twenty liters was renoved, using teflon
tubing, fromthe Niskin bottle to a carboy for transfer to the laboratory for
the initial shipboard processing.

initial sample processing took place in the laboratory aboard R/ V TURSIOPS
within one hour of samzle collection. For POC, a well agitated 200 nl sea
wat er sample was filtered under five cm vacuum through a precombusted 24 nm
Whatman GF/F glass fiber filter (pore size 0.5 u) using a Gelman filter funne
on a ¥illipvore manifold. The filter was renmoved with acid washed teflon forceps,
folded cylindrically, placed in a pre-combusted 10 m ampoule, capped with
aluminum foil and frozen until subsequent processing ashore. This operation
was performed in triplicate for each sanple. For DOC, approximtely 100 m of
the filtrate fromthe above operation was placed in a four ounce acid washed
teflon cappred glass bottle, poisoned with mercuric chloride (HgCl,) to prevent
bi ol ogi cal alteration of the carbon content, and refrigerated in the dark at

4°C until subsequent processing ashore

AQQ&I’ at us

Determination of both POC and DOC was made using a Total Carbon Analyzer
(Cceanography International, Inc.) which refined the wet oxidation process

detailed by Menzel and Vaccaro (1964) and extended the anal ytical technique
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to include POC as well as DOC. The anal yzer consisted of two subunits which
alloned the stepwise processing of sanples. The ampoule purging and sealing
unit consisted of a pure oxygen source for sparging the sanples to renove
carbonate and anbient C0,and a burner designed to seal the ampoules while
preventing the introduction of combustion derived CO, into the sample. The
anal yzer unit provided a breaker for opening the ampoules, a pure nitrogen
carrier gas, and a non-dispersive infrared analyzer for neasurenment of the
cozevol ved from each sanple. Carbon level signals fromthe analyzer were

graphically displayed on a strip chart recorder.

Anal ysis Procedure

Once ashore, processing of the POC filters began with the addition of a
five ml aliquot of the preserved filtrate to a preconbusted ten m ampoule
identical to those used for POC. This was done in triplicate for each water
sanple. Following these initial operations, all treatnents of POC and DCC
were identical.

To each ampoule was added 100 mg of potassium persulfate (¥5S,0g) followed
i medi ately by 0.250 ml of 8.5% phosphoric acid. The sanples were then purged
of inorganic and atnmospheric CO,by bubbling with purified 0, for five mnutes,
seal ed, and transferred to a 100°C water bath for four hours in order to oxidize
the organic carbon to C0,(WIIlianms, 1962)

Upon anal ysis the ampoules were opened and the total quantity of C0,present
i n each sample was displayed as an integrated peak area on the strip chart
recorder. Actual carbon values for each sanple were determ ned by conparison

of the sanple peak area with the peak area of a standard curve generated by
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the anal ysis of ampoules containing known quantities of carbon derived from
pot assi um scid phthalate (KHP). A separate standard curve was enployed for
each day's anal ytical work. Filter and reagent blanks were run for al

sanples as required, averaging approximately 1.2 ug of carbon each.
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RESULTS AND DI SCUSSI ON

Comparison with previous Research

A conparison of the range of organic carbon wvalues found by this study
with the studies of Fredericks and Sackett (1970) and Maurer and Parker (1972),
who worked in the central and western areas of the Qulf of Mexico, is
sumuarized in Table 1. Maurer and Parker did not publish carbon values for
their individual stations off the Texas coast, so a precise estimate of the
conparability of this study and their work is difficult. Maurer and Parker
also did not report a nean DOC val ue and did not sanple for POC. However, it
does appear that while the range of values found in this study are simlar to
those found both by Maurer and Parker and Fredericks and Sackett, interesting
regional variations may exist.

The difference between the nean | evels of dissolved organic carbon found
by the studies cannot be said to be significant. Further, the origin of this
difference is difficult to assess since the studies did not enploy identica
seasonal sanpling designs. It is also evident fromTable 1 that both the
ranges and nean val ues for particulate organic carbon reported by Fredericks
and Sackett and by this study are dissimlar. The nmean |level reported by
Fredericks and Sackett is higher than that found by this study by a factor
of two. It should be noted that Fredericks and Sackett sanpled prinmarily
in the shelf area surrounding the M ssissippi River, an area of heavy
particulate loading. Thus this sanpling design reflects the substanti al
regional influence of the Mssissippi River on the particulate organic carbon

[evels in the Western @l f of Mexico.

Tenporal Variation of Organic Carbon in the Northeast Qulf of Mxico

Al particulate and dissolved organic carbon data collected by this study

are tabulated in Table 7 in Appendix B. In order to standardize the data for
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TABLE 1

COMPARISON OF PARTI CULATE AND DI SSOLVED ORGANI C CARBOI DATE
FROM THE GULF OF MEXI CO

Poc boC
Sour ce mg/L . mg/ 2
Range Mean Range Me arn

Fredericks and
Sackett .022-1.911 . 214 .58-2.35 1.0¢
Maurer and
Par ker NP NP 1.0-3.7 NP
This Study .016-. 470 . 106 .48-2.58 1.41

(s) (.063) (.37)

NP - Not Presented
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TABLE 2

PARTI CULATE AHND DI SSOLVED ORGANI C CARBON BY STATI ON
(at 10 min mg/s )

Jun/Jul 1975 Sep/ &t 1975 Jan/Feb 1976
St ation Poc DOC POC DOC Poc DOC
1101 0.130 2.58 0.221 1.61  0.208 2.38
1102 0.086 1.35  0.070 0.80  0.120 2. 47
1103 0.030 0.71  0.056 0.48  0.094 1.68
1204 0.112 1.25  0.111 1.42  0.138 2.18
1205 0.122 1.21  0.151 1.09  0.086 1.93
1206 0.086 0.96  0.080 1.25  0.149 1.77
1207 0.119 0.56  0.067 0.89  0.163 1.67
1308 0.217 0.62  0.102 0.94 0.127 1.71
1308 0.162 1.11  0.039 0.94 0.071 1.87
1310 0.116 1.36  0.030 1.19  0.079 1.86
1311 0.145 1.09  0.026 6.93 0.063 1.89
1412 0.470 1.05 0.112 1.75 0.236 2.71
1413 0.151 0.93 0.112 1.35  0.089 1.68 *
141y 0.183 1.31 0.043 1.22  0.077 1.95
1415 0.171 1.89  0.036 0.89 0.190 2.33
X 0.153 1.20 0.084 1.12  0.126 2.01
s 0.099 0.51  0.053 0.33  0.054 0.33
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conpari son of spatial and tenporal variations only those sanples taken at
ten neters depth, which are common to all stations and all seasons , are
usual 'y considered in those sections dealing with organic carbon data only.
The data for ten neters are presented in Table 2.

The most obvious feature of the data presented in Table 2 is the seasona
variation of both the particulate and di ssolved fractions when the nean val ues
of these conponents within each sanpling period are considered. This cyclica
pattern is graphically depicted in Figure 2. Trends in particulate organic
carbon exhibit a maximum in the early sumer, a ninimm during the early fall
and an internediate level during the winter. A statistical conparison using
the entire data set for the sampling periods shows that at » = 0.05 the fal
sanmpling period mean was |ower than either of the values for the other seasons.
The summer and winter periods were statistically equivalent.

Exami ni ng the group mean of each sanpling period, the dissolved organic
carbon al so exhibits a trend in seasonal variability. DOC was |owest in the
fall and highest during the winter. In fact, the high winter DOC val ues are

an evident feature of’ the individual data in Table 2. O the 15 stations

14 have their highest DOC levels during the winter sanpling period. Statistically

the sumer and fall data sets were equivalent , with the winter |evel being
significantly higher than either of the others

An examination of the data of Table 2 shows that the seasonal observations
whi ch have been nade are the result of working with the nean levels of each
of the carbon components. The individual stations do not consistently dis-
play the previously noted variations. For PoC, 11 of the 15 stations have

their mininmumlevel during the fall period while for DOC, 1k of the 15 stations
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di splay their maximum level during the winter. Therefore, several grouped
divisions of the data were made for a nore precise seasonal conparison.

Table 3 presents the results of grouping by assigning the stations to
depth zones in the followi ng manner. The inshore group represents the mean
levels of POC and DOC of Stations 1101, 120%, 1205, 1308 and 1412 within each
sanpling period, The depth range of these stations was approximately Oto 15 m
Simlar mesa values are presented in the intermediate group which conprises
Stations 1102, 1206, 1207, 1309, and 1413 with an approxi mate devth range to
43 m In like fashion the offshore group represents Stations 1103, 1310,

1311, 1b1k, and 1415 with a depth range to 350 m  These depth zones are
geographically depicted in Figure 3.

The averages in Table 3 indicate that, at all depth zones, the |owest
POC val ues do indeed occur during the fall with the other seasons roughly
equi val ent as was the case when the total Northeast GQulf was considered
Statistically however, only the internmediate and of fshore depth groups can
be said to follow this pattern, as POC mean |evels along the inshore division
were equival ent throughout the year. This result suggests a greater year
around uniformty of the distribution of the particulate fraction in near
shore environments relative to the offshore in the Northeast GQulf.

Wth respect to the dissolved organic carbon, statistical analysis
denonstrates that the highest levels for all depth zones exist during the
winter period with roughly equivalent levels for the other two seasons sanpl ed
The noted sumrer-fall equality and wi nter maxi mum for DOC al so appears to hold
when the distance from shore along the shelf is considered.

In addition to grouping by depth zones the stations were al so considered
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by individual transect. The relative |ocations of the transects are presented
in Figure 3, and the sanpling period nmeans for particulate and di ssol ved
organi c carbon, by transect , are found in Table kL.

Statistically {p = 0.05) the seasonal POC neans for individual transects
do not follow the overall Northeastern Gulf distribution for any of the
transects, although the two western Transects IIl and IV are closer to it
than the two eastern transects. The nean |evel of particulate organic carbon
was determined to be statistically equival ent between seasons along | and I
Transects. Along Transect 111, a relatively high level of POC was found
in the surmer wWith the remaining two sanpling periods having simlar, but
| ower, mean values. Along Transect IV the highest value occurred in the
sunmmer period and the lowest in the fall. Thus, while none of the transects
mat ch the seasonal variation of overall Gulf means exactly, Transect IV provides
the cl osest approximation with a gradual change to an equality of means across
the seasons as one noves towards the eastern transects. There is certainly
the possibility, looking only at the absolute numerical values, that Transect |
may actually represent an entirely different seasonal distribution pattern
which has its mininumin the summer rather than in the fall. However, since
only three stations are considered on Transect |, a nore conprehensive
sanpl i ng program would be required to support this observation

The seasonal variation of dissolved organic carbon (Table 4) is much
easier to interpret than it was with respect to POC. |In npst cases the transects
had significantly higher mean DOC | evel s during the winter with the fall and
summer sanpling periods being lower and statistically equivalent. The sole

exception to this was an internediate sunmer |evel along Transect | which was
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determned statistically not to differ fromeither the fall or w nter nean
levels. Thus it appears, with only slight variation, that the seasona
distribution of the nean values for dissolved organic carbon along each
transect approxi mates the seasonal distribution for DOC over the entire
Nor t heast Gulf.

Frem the preceding statistical nanipulations some general observations
may be made. First, while a distinct seasonal pattern of particulate organic
carbon variability emerges when all stations in the Northeast @lf of Mexico
are considered in toto, the use of only such aggregate conparisons nay
obscure differences which may actually exist when either different depths
of shelf waters representing different distances from shore or different
transects are exam ned.

A second observation is that the seasonal variability of dissolved organic
carbon was renarkably uniform throughout the study area. A consideration of
three depth zones, of each transect individually, and of all stations to-

gether produced a virtually identical nodel of seasonal fluctuation.

Spatial Variation of Organic Carbon in the Northeast CQulf of Mexico

In order to assess the effect of |location on the variability of organic
carbon levels in the Northeast Gulf of Mexico the data was considered by depth
zones (' Table 3, Figure 3), by transect (Table 4, Figure 3), and by indivi-
dual stations (Table 1, Figures 4, 5,and 6). These categories are identica
to those of the previous section

The depth zone data (Table 3) exhibits trends that, in all seasons,

indicate that the particulate organic carbon declines in the transition from
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inshore to offshore. However, only the POC nmean levels for the fall sanpling
period displayed a statistically significant decline fromthe inshore to off-
shore zones. Wile this POC gradient is not unexpected in shelf areas proximte
to terrestrial sources of organic carbon it was not noted by Fredericks and
Sackett (1970) in their study of organic carbon in Western Gulf waters.

In contrast to particulate organic carbon the dissolved fraction does not
appear to exhibit any pronounced pattern in any of the three samnling periods.
A possitle exception to this mght be the slight inshore to offshore gradient
for the fall veriod DOC. Statistically, however, the neans were found to be
equi val ent within each of the three sanpling periods across the three depth
zones . This is in contrast to the work of Fredericks and Sackett (1970) who
reported a consistent decline in the levels of DOC to the edge of the continenta
shel f.

When the particulate organic carbon data for the transects are conpared
within each seasonal period, no significant statistical differences are found
between any of the mean values of Table 4. This is in spite of the fact that
it appears, nunerically, that the eastern | and 11 and western Il and IV
sampling areas register different POC | evels during both the sumer and fal
periods. Conparing these transects by eastern and western groups did show
that combined Transects | and Il had a significantly |lower POC | evel than
conbi ned Transects IIl and IV during the summer seasen. The other two sanpling
periods displayed an equival ence of PCC levels using this scheme. For partic-
ul ate organi c carbon, although no statistical differences could be shown with
the limted existing data, the noted trends suggest that the possibility that

the eastern and western regions of the study area might be displaying different
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levels during the sumrer and fall and similar levels during the winter ought
not to be excluded.

Statistical analysis of the DOC data by transect within each sanpling
period does not detect any apparent trends indicating that dissolved organic
carbon does not vary significantly fromtransect to transect for any one
season.

In order to examine nore precisely the spatial variation of POC and DOC
al ong each transect the individual stations for each sanpling period were
conpared. The statistically significant results of this evaluation are
depicted in Figures 4, 5, and 6.

Looking first at PoC, the stations exhibit nore variability in the
sumer (Figure 4) and fall (Figure 5) than in the winter (Figure 6). It is
only during the winter that particulate organic carbon displays the same trend
across every transect; there is a decrease noving fromthe nost inshore to
the next adjacent offshore station. No other adjacent stations on any of the
winter transects display any differences. Neither the fall nor summer follow
the sane pattern as the winter. In both of these seasons POC does seemto
show a sonmewhat general decline nmoving offshore, but each transect and each
season has its own unique pattern. Across all sanpling periods POC consistently
declines from Stations 1101 to 1102 and from 1308 to 130?. During the summer
and fall consistent declines are registered from Stations 1205 to 1206 and from
1308 to 1310.

Li ke the particul ate conponent the dissolved organi ¢ carbon appears nore
variable in the summer and fall than in the winter when it is remarkably uniform

over the whole of the sanpled shelf area. By contrast, in the variable seasons
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of summer and fall each transect devel ops its own unique DOC gradient. The
entire Transect I has a consistent gradient frominshore during both sunmmer
and fall. Transect Il shows a decline in both sunmer and fall from Station
1206 to Station 1207, but this appears to be coupled with bands of maxinmum
and minimum DOC in the fall. Still another pattern is evident along Transect
[l which has a consistent summer/fall naxinum at Station 1310. Unlike any
of the others, Transect IV alnmpst conpletely reverses its gradient between
sumer and fall.

Predericks and Sackett (1970) observed a consistent decline in DOC as one
moved of fshore to the edge of the shelf in the Western Gulf. Maurer and
Parker (1972) found persistent alternating bands of maxi num and i ni mum D3C
as they sampled towards deeper water off Texas. Cearly either of these
findings is applicable to the Northeastern Gulf shelf at certain tines along
certain transects, but neither adequately describes any location in this study
on a seasonal or annual basis. Each transect in each sanpling period was
found to be unique, although the winter was a period of remarkable uniformty.

No simple model seems evident to explain the spatial variation of organic
carbon along the Northeastern Gulf shelf. G ouping the data by depth zones
suggests that POC undergoes an overall decline towards offshore although this
was supported statistically for only one sanpling period. The transect groupings
i ndi cated that perhaps »0C in the eastern and western areas behaved in different
fashions, but this finding could not be substantiated statistically. 1In con-
trast to PoC the DOC was remarkably uniform wthin sanmpling periods, whether
depth zones or transects were considered. Examining the relationships of ad-

jacent stations to one another along each transect served to enphasize the
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different trends , perhaps reflective of different processes , occurring in

specific regions of the Northeast Qulf.

The Relationship of Organic Carbon to Qther Qceanographic Paraneters

On the sane cruises which produced the organic carbon data other investi-
gators exarined additional oceanographic parameters. These included phytoplankton
cholorophyll a and primary productivity, zooplankton displacenment vol ung,

STD profiles for tenperature and salinity, transm ssonetry, and dissolved
nutrients (Poh, NO3, NO,) . Data on these paraneters which were utilized for

t he purpose of comparison are presented in Tables 8 through 12 in Appendix B
Additionally, some POC and DOC sanples were taken fromthe depth of one percent
light at many of the stations in all seasons. Al organic carbondata
collected for this study are presented in Table 7 in Appendix B. I n exanining
the relationship between paraneters all available data points were considered.

Two different approaches were used to consider possible relationships
bet ween di ssol ved and particul ate organi c carbon and other oceanographic
variables. Tine first technique was the graphical depiction of nean levels
across the sanpling year. The second was the determnination of sinple |inear
correlation coefficients for all variables with POC and DOC as the dependent
variables. Both of these approaches included an exam nation with respect to
both seasonal and spatial considerations. Analysis of the data included con-
sideration by transect and depth zones as discussed in previous chapters.

Figures 7 through 10 graphically present the mean levels of DOC, PCC

chlorophyl| &, primary productivity, and zooplankton di spl acement vol ume over

the sanmpling year for the total Qulf of Mexico and for the subdivisions by
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depth zones. Identical scales are enployed for each of these figures. Any
interpretation of the information presented in these figures nust be perforned
cautiously because of the linmited nunber of data points and the (typically)
high variability exhibited by the biol ogical variables which nmake an effective
statistical exam nation of the data difficult.

Wthin these limtations some trends appear to be evident. In general
the data shown in Figures 7throughlC appear to fluctuate together throughout
the year. The high winter levels for some quantities, notably chlorophyll 2
and primery productivity, in many of the group categories appear to be at
variance with conventional interpretations of seasonal succession patterns;
normal expectation being a |low winter |evel

It is generally accepted that |iving organi sns make variable and significant
contributions to the particulate fraction by their presence and to the dis-
solved fraction by their netabolic products (Riley and Chester, 1971). Thus
in discussing possible interpretations of Figures 7 through 10, POC has been
related to chlorophyll and zooplankton and DOC to primary productivity.

Considering first the total Gulf shelf area under study (Figure 7) it is
apparent that the seasonal fluctuations of dissolved organic carbon and prinary
productivity are simlar. Likewse the relative |evels of particulate organic
carbon and chlorophyll a follow one another closely. Zooplankton varies with
POC in the sumer-fall neasurements, but not into the winter. |n previous
sections it has been shown that the DOC and PCC curves do, in fact, indicate
statistically significant seasonal differences. Unfortunately the high
variability of the other paraneters (see Tables 8 and o, Appendix B) do not

allow simlar statistical distinctions to be drawn for these vari abl es.
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Figure 7 does suggest that, over the Northeastern Qulf shelf, in situ

bi ol ogi cal processes may be exerting an influence on the observed |evels of
PCC and DCC.

Aggregating data for the entire shelf nmay obscure different processes
occurring in other shelf areas. Figure’s 8 9, and 10, which present the
seasonal fluctuations for all paranmeters by depth zone groupi ngs, suggest
that this is the case. |Inshore (Figure 9), as with the total shelf (Figure 7),
trends for primary productivity and di ssolved organic carbon vary in a
simlar manner. Unlike the total shelf, the chlorophyll trend parallels
t he zooplankton measurements from the fall to the winter sanpling period
suggesting that, inshore, other factors may strongly influence the |evels of
particulate organic carbon during this time period. These processes my in-
el ude exchange or mxing with sedinents or effects from land runoff. The
intermediate and offshore zones (Figures 9 and 10) follow the general pattern
Qof trends for the total shelf (Figure 7).

Consi dering the seasonal nean levels of all the paraneters under con-
sideration by transects reinforces the concept that each area of the Qulf re-
presents different conbinations of processes and interactions between the
parameters. Data fromalong Transect IIl suggests that this region is quite
simlar to the entire Qulf shelf study area as depicted in Figure 7 and pre-
viously discussed. Transect |V follows the general trend pattern established
for the total shelf (Figure 7), but is an area of extreme seasonal fluctuation
undoubtedly heavily influenced by the Mbile Bay and M ssissippi River systens.
The lack of clearly identifiable patterns along Transects | and 11 indicates

that processes other than those in situ biological ones exam ned may be |argely
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responsi ble for the seasonal fluctuations of POC and DOC. Along Transect |

the influence of human activity from heavily popul ated coastal areas is probably
evident while the relatively shallow Transect 11 reflects the fluctuating in-
puts fromthe extensive coastal marsh and seagrass systens in this region

Although limted by its high variability, one method of assessing the
contribution of phytoplankton to particulate carbon |evels has been the
determ nation of carbon to chlorophyll ratios (Steele and Baird, 1961; Steele
and Baird, 1962). For this study, over the total northeastern Gulf shelf, the
carbon to chlorophyll ratios varied throughout the year from 95:1 in the sumrer
Lh:1 in the fall, t069:1 during the winter. This suggests that the phytoplank-
ton make the nost significant percentage contribution to particulate organic
carbon during the fall.

A neans of examining the tenporal relationships of these paranmeters nore
closely is to focus on each of the sanpling periods rather than across the
éntire year. This has been done through a series of |inear regression anal yses
whi ch enpl oyed the following procedures. The ten meter organic carbon
determ nations were conpared with either the surface or the closest to ten
met er phytoplankton/nutrient hydrocast. The one percent light Ievel organic
carbon deternminations conpare exactly with the phytoplankton/nutrient hydrocasts.
Exact individual station depths may be found in Tables 7 and 8 of Appendix B.
Separate anal yses by depth (10 mvs one percent light |evel) supported the
validity of this technique; the significance of regressions was not affected
by enploying this approximtion. Salinity and tenperature regressions wth
organi ¢ carbon were precise depth matches in alnost all instances. Since

zoopl ankton tows fished the entire water colum, upper and |ower organic
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carbon deternminations were averaged for purposes of regression analysis.
Transmissometry and organic carbon natched exactly in depth at ten neters.
Regression analysis was performed using all variables with particulate
and dissolved organic carbon as the independent variable. Table 5 summarizes
the significant (p = 0.05) correlations. Regressions for depth zones are
based on few points and should be considered with caution. Figures 11
through 19 of Appendix C present scattergrams for chlorophyll a, primary
productivity, and zooplankton agai nst POC and DOC respectively.
The data of Table 5 permits a closer exami nation of the relationships
suggested %y Figures 7 through 10. Imediately evident is the fact that,
over the Northeastern Gulf shelf, particulate organic carbon correlates well
with chlorophyll a during the summer and fall sanpling periods. Further
the supportive correlation coefficients for the depth zones for chl orophyl
in these two tinme categories suggest that it is the areas closest to shore
which exhibit the strongest relationship between phytoplankton and varticulate
carbon. These associations have been noted by other investigators (Menzel and
Goering, 1.965; Parsons and Strickl and, 1959).
During summer and fall, the zooplankton al so show good correlations with
Poc . The significant inshore correlation coefficients in support of those
for the total shelf, probably indicate that the zooplankton are related to the
particulate organic naterial prinmarily through the necessity to feed on
phyt opl ankt on. In fact, since zooplankton Will usually contribute only a
few percent to the actual POC present, the correlations between POC and zoo-
pl ankt on may be taken as a further indication of a nore direct relationship
between the particulate fraction and phytoplankton. The scattered, inconclusive

correl ations between POC and prinmary productivity may be related to zooplankton
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grazing pressure. The limted winter relationships between PCC, chlorophyl
and primary productivity in the absence of any zooplankton correl ati on appear
to sustain this contention

Particul ate organic carbon relates weakly to salinity in the fall but
this relationship is nore pronounced during winter. The salinity data of
Tabl e 10 show the inshore to offshore salinity increase is nmpbst pronounced
during the winter nonths. This would have the effect of making any con-
sistent decline in POC as the result of dilution offshore appear nore evident.
Recal ling Figure6, which noted the inmediate offshore winter decline in the
level s of particulate organic material, and observing that chlorophyl
correlates well with POC during the winter inshore, it would appear that the
processes affecting POC are fairly similar throughout the year along the
Northeast Gulf shelf. Thus the data suggests that the current-salinity
structure rather than sone change in the source of POC is responsible for the
salinity correlations during the fall and winter sampling periods

Unli ke P0C, the results of this study cannot link the dissolved fraction

to in situ biological processes. Correlations for DOC recorded in Table 5

are absent or weak. The apparently strong correlation with primary productivity
during the winter is based upon only five data points. The weali salinity
correlations during the fall and winter , reflecting sinple dilution in the open
Qulf, are, as with POC, the result of a nmore organi zed inshore to offshore
salinity gradient during these seasons. No significant correlations between
particulate or dissolved organic carbon and any of the other paraneters were
found .

The strong and consistent correlations found throughout the year between

particul ate organic carbon and chlorophyl| and the concurrent fluctuations of
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these two quantities over the entire shelf study area (Figure 7) indicate
that the phytoplankton conprise a significant portion of the POC in this
region. Considering the entire Qulf of Mexico, Dryer (1973) estimated that
phytoplankton contributed 38 times the anount of terrestrially derived POC
When dealing with the shelf this estinate would undoubtedly have to be re-

vi sed downward because of the proximity to terrestrial inputs. Knauer (1976)
wor ki ng during the summer of 1974 in the same Northeastern Gulf shelf area as
this studr, found by ATP extraction that an average of 50% of the particulate
organic carbon was living. Thus the vpresent finding that phytoplankton
strongly influence the levels of particulate organic carbon along the North-
east Gulf coast shelf avpears to find support in several separate studies.

Drver(1973) found that terrestrial DOC inputs were the major controlling
i nfluence on near shore Gulf of Mexico DOC concentrations. The decline of
this influence was marked by a pronounced di ssol ved organic carbon gradient
related to salinity in estuarine areas. Further, Dryer calculated that the tota
contributions to the DOC of the entire GQulf of Mexico fromprimary production
and river inputs were approximtely egual.

If the measure of chlorophyll does in fact provide an indirect neasure of
approxi mately 50% of the particulate organic material as Knauer has suggested
with ATP extraction, then the relationships established are between quantities
on the sanme order of magnitude. |In attenpting to link dissolved organic carbon
with primary productivity, however, additional considerations are involved.

The reservoir of DOC represents a pool of material while the primary productivity
is arate quantity three orders of nagnitude smaller (see Tables 7 and 8). A
reliable estimate is that only about ¢% of the phctoassimilated carmon is

added to the dissolved pool directly as excretion (Hellebust, 1965). This
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suggests that the annual relationships depicted in Figures 7 through 10
may exi st but be undetectable by the conparisons of Table 5. Certainly
the unique station to station variations of Figures L through 6 and the
absence of the inshore to offshore gradient noted by Fredericks and Sackett
(1970) are indications that in_situ oprocesses are inportant to the observed

levels of DOC.
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TABLE 3

PARTI CULATE AND DI SSOLVED CORGANI C CARBON BY DEPTH ZONES FOR
THE NORTHEASTERM GQULF OF MEXICO (at 10 m in mg/%)

Jun/Jul 1975 Sep/’ Qct 1975 Jan/Feb 1976
Zone Poc DOC Poc DOC Poc DOC
1 .210 1.34 .139 1.36 .159 2.18
(s) (.151) (0.74) (.049) (0.34) (.061) (0.39)
2 121 0.98 .074 1.05 .118 1.89
(s) (.036) (0.29) (.026) (0.24) (.039) (0.33)
3 o .129 1.27 .038 0.94 101 1.94
(s) (.061) (0.43) (.012) (0.29) (.051) (0.24)
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TABLE 4

SEASON (at 10 m in mg/g )

Jun/Jul 1975

Sep/Oct 1975

Jan/Feb 1976

Transect Poc DOC Poc DOC Poc DOC
1100 .082 1.55 .116 0.96 L1l 2.18
(s) .050) (0.95) (.091) (0.58) (.060) (0.43)
1200 .110 1.00 .102 1.16 .134 1.89
(s) .016) (0.32) (.037) (0.23) (.034) (0.22)
1300 .160 1.05 .049 1.00 .085 1.84
(s) .042) (0.31) (.036) (0.13) (.029) (0.08)
1400 244 1.30 .076 1.30 .1u8 2.17
(s) .151) (0.43) (.042) (0.36) (.078) (0.45)
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TABLE 5

SIGNIFICANT r®VALUES OF LINEAR REGRESSION ANALYSIS

Jun/Jul 13875 Sep/Qt 1975 Jan/Feb 1976

Vari able Region POC DOC" PCC DOC POC bocC
Chl e Shel f 0.70 0.57 0.18
Zone 1 0.98 “ 0.86 0.97
Zone 2 0.44 0.46
Zone 3 0.72
1° Prod Shel f
Zone 1 0.79 0.86 0.89
Zone 2
Zone 3 0.63 0.49 0.85
Zoopl Shel f 0. 87 0.77 0.42
Zone 1 0.97 0.77
Zone 2
Zone 3 0.79
Tenp Shel f 0.39
Sal Shel f 0. 25 0.25 0.52 0.32
Trans Shelf
POq Shel f
NO3 Shel f
NO2 Shel f
Note: p = 0.05. All correlations are positive except temp-

erature and salinity. Blank cells indicate no signi-
ficant correlation with the exception of nutrients
(winter) and transmissometry (summer) for which data
was absent.
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CONCLUSI ONS

1. Both particulate and dissolved organic carbon were found to
fluctuate seasonally over the shelf of the Northeastern Gulf of Mexico
PQOC reached the highest levels during the summer and winter and was at a
m nimum during the fall. DOC exhibited |ow |levels during the sumrer and
fall and was at a maxi mum during the winter. Wen different regions of the
Gl f shelf were considered, POC was found to be nore variable, follow ng
| ocal i zed seasonal patterns, while DOC was found to be remarkably uniform
t hroughout the study area

2. Wthin each season the apparent |evels of particulate and di ssol ved
organi ¢ carbon were not generally found to differ statistically when dis-
tances from shore or transects were considered. An exception to this was a
decline in POC imediately offshore during the fall. Tabulation of POC and
DOC quantities did suggest that trends related to the spatial distribution
of organic carbon may have existed but were statistically undetectable.

I ndividual stations were found to exhibit no consistent discernible patterns
t hroughout the year, although the winter was a period of uniformty for both
POC and DOCC throughout the shelf.

3. Levels of particulate carbon were closely related to phytoplankton
standing stocks, as estimated by chlorophyll a_., along the entire Northeastern
Gl f shelf although the relationship is strongest near shore. Measured
quantities of dissolved organic carbon could not be related to any of the

parameters considered in this study.
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TABLE 6
PRECI SION OF ORGANI C CARBON DATA

Jun/Jul 1975 Sep/ Ot 1975 Jan/Feb 1976
POC bocC Poe. DOC POC DOC

Avg Standard
Devi ation 0.011 0.125 0.007 0.057 0.016 0. 238

Avg 95% Conf
Interval (%) 0.027 0.31 0.017 0.14 0. 040 0.59




APPENDI X A
PRECI S| ON AND STATI STI CAL TREATMENT OF DATA

The precision of the analytical technique for the or-
ganic carbon determ nations was based upon triplicate deter-
m nations for all sanples. Table 6 provides the average
standard deviations and precision at the 95% confidence
l[imt for each of the seasonal sanpling periods by category
of determ nati on.

Statistical analysis of data was perfornmed using the
Vogelback Conputing Center.,l Nort hwestern University, Stat-
istical Package for the Social Sciences (SPSS), version

6.00 of April 1, 1975.
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TABULATED DATA
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TABLE 7

NORTHEASTERN GULF SHELF PARTI CULATE AND DISSOLVED ORGANIC
CARBON (mg/g2)

z Jun/Jul 1975 z Sep/Ot 1875 z dJan/Feb 1976

Station (m)} POC DOC (m) POC poc (m) POC noc

1101 10 .130 2.58 10 .221 1.61 10 .208 2.38

1102 10 .08& 1.35 10 . 070 0. 80 10 .120 2. 47
30 .103 1.72 30 . 106 1.94

1103 10 .030 0.71 10 . 056 0. 48 10 .09y 1.68

102 .088 1.39 50 .032 G 87 54 .028 2. 46

1204 10 .112 1.25 10 . 111 1.42 10 .138 2.18

1205 10 .122 1.21 10 .151 1.09 10 .086 1.93

1206 10 .088 0.96 10 . 080 1.25 10 . 149 1.77
24 ,086 1.39 23 . 107 0. 97

1207 10 119 0.56 10 .067 0. 89 10 . 163 1.67
32 :G73 0.97 25 . 104 1.10

1308 10 .217 0. 62 10 . 102 0.'34 10 . 127 1.71

1309 10 .162 1.11 10 .039 0.94 10 . 071 1.87
50 .109 1.07 45 104 1.31

1310 10 .116 1.36 10 . 030 1.19 10 . 079 1.86

59 .069 1.33 90 .032 0.97 67 .078 2.58

1311 10 .1415 1.09 10 .026 0.93 10 .063 1.89

86 .072 1.18 90 .016 0.71 53 .037 1.51

1412 10 .47G 1.05 10 112 1.75 10 .236 2.71

1413 10 .151 0.93 10 . 112 1.35 10 .089 1.68
31 .147 1.67 30 .068 0.88

1414 10 .183 1.31 10 .0u3 1.22 10 .077 1.95
65 .034 1.15

1415 10 .171 1.89 10 .036 0.89 10 .190 2.33
71 .081 1.49 90 .019 1.10

X .130 1.26 .078 1.12 . 113 2.04

s . 084 0. 43 .0nu8 0. 32 .058 0. 37




TABLE 8

PHYTOPLANKTON CHLOROPHYLL a_(mg/m3) AND PRI MARY
PRODUCTI VI TY (mgC/m3/hr)

z Jun/Jul 1975 z Sep/Ot 1975 z Jan/Feb 1976

Station (m) CHL a PROD (m) CHL a PROD (m) CHL a PEO D

1101 15 0.100 0.691 12 4.313 2.112 12 0.677 3.026

1102 0 0.138 1.245 0 0.169 2.156 0 0.232 1.925
30 0.850 0.772 30 0.761 0.653

1103 0 0.390 0.546 0 0.110 1.912 0 0.u425 6.026

102 0.745 0.949 50 0.190 0.380 54 0.694 1.236

1204 12 0.223 0.617 10 0.391 0.516 10 0.325 1.u477

1205 16 0.227 0.590 15 0.590 O0.315 16 0.096 1.201

1206 0 0.137 1.857 0 0.124 1.763 0 0.208 1.267
24 0.253 0.664 23 0.691 0.665

1207 0 0.053 1.446 0 0.107 4.650 0 0.765 3.774
32 0.191 0.129 25 0.446 1.863

1308 15 0.707 0.303 14 0.640 O0.487 14 0.387 0.813

1309 0 0.525 3.193 0 0.064 0.564 0 0.333 1.743

48 0.531 0.206 45 0.398 0.147

1310 0 0.090 1.883 0 0.039 0.584 0 0.593 2.563

59 0.063 0.095 90 0.161 0.325 67 0.649 0.910

1311 0 0.256 1.224 0 0.035 1.013 0 0.293 1.953

86 0.309 0.561 90 0.087 0.753 53 0.228 0.532

1412 12 3.482 0.333 14 0.567 0.142 12 0.754 3.244

1413 0 1.747 11.227 0 0.163 -2.263 0 0.714 6.099
31 1.115 0.113 29 0.239 0.110

1414 0 1.012 2.302 0 0.041 0.773 0 0.573 6.751
65 0.162 0.647

141s 0 0.327 1.280 0 0.047 0.905 0 1.710 14.493
71 0.452 0.365 90 0.057 0.071

X 0.580 1.358 G.u423  1.002 0.536 3.280

s 0.740 2 238 0.825 1.018 0.363 3.388




TABLE 9

ZOOPLANKTON DISPLACEMENT VOLUME (ml/m3)

Station Jun/Jul 1975 Sep/Oct 1975 Jan/Feb 1976
1101 0.439 “ 1.08 0.391
1102 0.573 0.188
1103 0.063 0.094 0.277
1204 0.833 0.365 0.294
1205 1.04 0.261 0.115
1206 0.579 0.239
1207 0.574 0.181
1308 1.626 0.335 0.494
1309 0 171 0.169 0.277
1310 0.259 0.062 0.233
1311 0.115 0.044 0.094
1412 6.54 0.567 0.124
1413 2.13 0.687 0.171
1414 0.47 0.093 0.308
1415 0.08 0.031 0. 0854
X 1.033 0.293 0.239
S 1.631 0.288 0.127
Note: Fishing depth was the entire water celumn at cach

station.



SALINITY (°/00 ) AND TEMPERATURE (°C)

TABLE 10

z Jun/Jul 1975 z Sep/Ot 1975 z Jan/ F¢b 1975
Station (m) T (m) T S (m) T S
1101 10 28.39 35.01 10 26.82 34.00 10 14.06 34.°%3
1102 10 28.13 35.50 10 27.06 35.40 10 15.89 36.:8
30 20.50 36.18 30 22.90 36.23
1103 10 28.62 35.28 10 27.40 35.92 10 18.3¢ 36.23
102 20.00 35.60 50 24.79 36.32 50 19.3: 36.23
1204 10 28.38 33.01 10 28.52 32.40 10 11.97 34.30
1205 10 28.41 32.07 10 26.91 32.98 10 14.3C 35.¢90
1206 10 28.39 32.36 10 26.58 33.47 10 15.72 36.05
24 21.44 35.84 23 25.00 35.80
1207 10 28.20 31.54 10 26.06 34.78 10 17.5% 35.:3
3221.82 36.23 25 27.00 35.80
1308 10 23.00 35.94 10 28.00 34.80 10 13.45 34,¢3
1309 10 28.62 32.20 10 29.54 35.00 10 19.5C 36.:3
so 20.00 36.29 45 24.00 36.18
1310 10 27.80 32.20 10 29.42 35.72 10 19.2¢
60 20.20 36.23 90 22.00 36.42 75 18.55
1311 10 28.14 32.57 10 29.55 35.40 10 19.84 35.27
86 19.23 36.40 90 21.62 36.36 50 19.82 35.%7
1412 10 22.19 36.17 10 29.25 29.00 10 14.17 32.50
1413 10 27.45 35.63 10 28.86 30.20 10 17.50 35.%:5
30 28.00 36.18 30 22.16 36.20
141y 10 28.00 34.00 10 29.24 35.15 10 18.90 35.€9
65 22.18 36.39
1415 10 27.90 35.00 10 29.25 35.31 10 18.19 34.80
75 21.00 36.21 90 21.59 36.33
% 24,93 34.82 26.31 34.78 17.08 35,63
s 3.72  1.77 2.80 _ 1.9y 2.56 1.0y




TABLE 11

TRANSMISSOMETRY
(% over 1 mat 10 m depth)

Station Jun/Jul 1975 Sep/Ott 1975 Jan/Feb 1976
1101 82.0 57.0
1102 91.0 49.5
1103 90.0 81.0
1204 59.5 84 .0
1205 75.0 87.5
1206 88.0 74.5
1207 87.0. 60.0
1308 65.0
1309 88.0
1310 90.0
1311 94.0
1412 56.0
1413 61.5
1414 79.0
1415 95.0
P 83.1 7h.8
s 11.0 15.3
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