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SECTION 1
INTRODUCTION

The present concern about the rate of fossil-fuel consumption and dependency on import
oil to supply current U.S. demands has resulted in a greater interest by the Federal Government
and the petroleum industry in increased domestic production. The public and private sectors
believe that the continental shelf, including the offshore area of the eastern United States, will
be a major source of increased domestic production (Bell, 1975). Geophysical surveys have
identified the Georges Bank off New England, the Baltimore Canyon extending offshore from
the mid-Atlantic states, and the Southeast Georgia Embayment and Blake Plateau of the
continental margin of the southern states as areas of greatest potential (Figure 3.1-1).

The Outer Continental Shelf (OCS) Lands Act of 1953 charges the Secretary of the U.S.
Department of the Interior with responsibility for managing the economic development of the
continental shelf of the United States beyond state jurisdiction. Furthermore, the 1969 National
Environmental Policy Act (NEPA) makes the secretary responsible for protecting the environ-
ment of the continental shelf during the exploration and exploitation of resources. To obtain
information on which to base decisions that will lead to orderly development of the resources
while protecting the environment, the Bureau of Land Management (BLM), an agency of the
Department of the Interior, established the Outer Continental Shelf Environmental Studies
Program (OCSESP), sometimes called the marine environmental studies program. The OCSESP
has four phases: a review and summary of present information as a basis for future decisions and
study designs; multidisciplinary baseline studies for predevelopment characterization of the
environment; special studies designed to answer specific questions; and environmental monitoring
to detect changes as a result of the developmental actions. In November 1976, BLM contracted
with Texas Instruments to perform the South Atlantic Benchmark Program (SABP) in 1977 as
part of the planned series of studies for that area.

The SABP area of interest is the Georgia Bight, the marine portion of the Southeast Georgia
Embayment, which is located off the coast of South Carolina, Georgia, and the northern part of
Florida (Figure 3.1-2). The Georgia Bight, a marine basin located between Cape Fear to the
north and Cape Canaveral to the south, is bordered on the west by the Coastal Plain and on the
east by the Florida-Hatteras Slope. The basin’s morphometry is undramatic out to the slope; no
canyons, outcrops, or other topographical changes interrupt the seabed, which has a slope of
<0.1%. Outcrops are located at the shelf edge of the Florida-Hatteras Slope and occasionally on
the Slope.

The water of the Georgia Bight, bounded by the north-flowing Gulf Stream, is affected by
seasonal changes of temperature, natural forces, and additions from the continent, Gulf Stream,
atmosphere, and coastal water north of Cape Hatteras.

The basin is readily divided into three cross-shelf zones—nearshore, middle shelf, and outer
shelf. The nearshore and middle-shelf bottoms are primarily composed of recent (nearshore) and
relict sand of continental origin; the outer-shelf bottom is covered by carbonate sand of marine
origin. The nearshore zone, which is greatly influenced by materials from the Piedmont and
Coastal Plain drainage basins, is the zone of greatest temperature and salinity range and highest

2 Equipment Group



dno.g juswdinby

MIAMI

CAPE COD

GEORGES BANK

BALTIMORE CANYON

CAPE FEAR ARCH

SOUTHEAST GEORGIA EMBAYMENT

T BLAKE PLATEAU

AREAS OF INTEREST (BELL, 1977)

Figure 3.1-1. Areas of Greatest Petroleum Potential Along South Atlantic Continental Shelf




oA

Iy a- §- \ﬁ.
P_l EDMONT '/ E
M P

AN
Vp,\A L \
A { \

BLAKE PLATEAU

Figure 3.1-2. Morphometry of Southeast Georgia Embayment

turbidity. Upwellings from the slope transport cold water and nutrients onto the outer shelf. The
middle shelf is a wide zone of transition between the nearshore and outer shelf through which
cross-shelf transport occurs. The sediments of these three zones are constantly subjected to
reworking forces; there appears to be a net transport of sediments toward the near shore.

Generally speaking, the water in the basin circulates counterclockwise, the western-boundary
water moving south and the eastern-boundary water moving north. The southerly moving
nearshore water is especially evident in the littoral drift and in the north-to-south erosion of the
barrier-island beaches. Some gradient and wind forces result in temporary cross-shelf movements.
Wind causes considerable movement of surface water from off shore to near shore. Bottom water
moves from off shore to near shore; slope water upwells onto the margins of the outer shelf;
and, occasionally, force regimes detach Gulf-Stream eddies that meander and mix on the outer -
shelf. The direction of the nearshore water changes with the tides.
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Two major, biological communities distinguishable by differences in physicochemical condi-
tions, transport process, and biota comprise the Georgia Bight: a narrow, nearshore community
and an offshore community. Community distinctions become more discernible the farther the
separation; e.g., the difference between a community 10 km offshore and a community 40 km
offshore is more obvious than the difference between communities lying at 20 km and 25 km.
There is also a difference in dependency on adjacent ecosystems: the nearshore community is
more dependent on its adjacent estuarine habitat with its higher productivity and on passthrough
materials from the Coastal Plain and Piedmont. Common characteristics of both communities are
the patterns and changes in the distribution of the biota. Distribution is influenced by larval
transport, migration, and habitat properties. The number and weight of organisms are greater
nearshore than offshore, while the diversity of species is greater offshore. The changes in these
community properties occur as cross-shelf gradients. Species composition and distribution
undergo seasonal changes throughout the Bight without blurring the biomass and diversity
gradients.

Even though the Georgia Bight is a rather homogeneous ecosystem, there are some dramatic
features. Tropical benthic communities such as Grays Reef in the nearshore zone off the Georgia
coast are patchily distributed on the shelf like oases dotting a desert. Reworked sands of former
shorelines are an offshore crypt for Pleistocene fossils and prehistoric anthropogenic artifacts.
The marine waters of the basin are a medium of expression for “nor’easters” and tropical storms.
Commercial fisheries are limited to the nearshore zone; successful offshore fishing occurs at
natural and artificial reefs and among schools of migrating Spanish mackerel and bluefish. High
productivity is limited to the near shore, the reefs, and the nutrient-enriched outer-shelf water.

The Georgia Bight, then, is generally a monotonously homogeneous ecosystem having
gradual cross-shelf gradients of slope, sediment texture, hydrographic properties, and community
characteristics. A scuba diver traversing the seafloor from a barrier-island beach to the Florida-
Hatteras slope would be unimpressed by changes in depth and sediment texture but would be
aware of an increase in visibility and changes in the color, size, and shape of seastars, sanddollars,
and crabs. Also, if an ichthyologist, the diver would observe a change in the distribution of the
nearshore lizard fish and the offshore lizard fish. It is improbable that the diver would see
sponges, soft corals, and reef fishes unless a path were chosen through a known hard-bottom
community.

Until recently, information on the Georgia Bight was obtained from many single-purposed,
provincial studies (Roberts, 1974), resulting in a mosaic of interpolations, hypotheses, and
extrapolations about ecosystem attributes and areas but no overall, comprehensive description of
habitats, components, and processes. During the past few years, BLM, as well as other agencies
such as USGS, NOAA, and DOE, have sought a comprehensive understanding of the Bight’s
ecosystem. The SABP performed by Texas Instruments was intended to contribute to this goal
for BLM; i.e., to provide synoptic, interdisciplinary information about the Georgia Bight before
exploration and exploitation of its resources.

The SABP sampling design was the result of the needs of OCSESP and the recommenda-
tions of oceanographers and marine scientists from the public and private sectors, who conferred
in Atlanta, Georgia, in October 1975 (Bureau of Land Management, 1976). The design was
developed considering: '
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®  Current knowledge about the region, e.g., habitats, unique or unusually productive
areas (such as reefs), and physical and chemical processes
Locations of lease blocks where 0il exploration interest is high

Historically successful study designs and techniques

A desire for reference stations

Acquisition of data that can be interpreted with statistical power (inference).

The design was a multitransect configuration (Figure 3.1-3) often used in investigations of
marine environments to determine trends in nutrient concentration, community composition,
hydrography sediment type, and other ecosystem characteristics. Typically, transects are aligned
along the axis of an environmental gradient in such a manner that the various stations define the
range of the gradient. Texas Instruments established 50 stations (Table 3.1-1) on seven transects
crossing the shelf perpendicular to the shoreline. Each transect crossed the three shelf regimes—
inner, middle, and outer. Transects 2, 5, and 6 were in regions of major interest to the oil
industry; transects 3 and 4 were in areas where less environmental change is expected from oil-
and gas-related activity; and transects 1 and 7 delineated the northern and southern limits of the
region of interest. The nearshore stations were within the zone of riverine (fresh) water runoff;
the outer stations were on the outershelf and upper slope in the area influenced by the Gulf
Stream. The intervening stations were in the transitional, midshelf region.

The success and value of using transects to investigate marine habitats are well documented.
They were used by Pinet and Frey (1977) in a study of organic carbon in the surficial sediments
of the Georgia inner shelf; by Holm-Hansen et al. (1968) in a study of zooplankton, DNA, and
chlorophyll a on the OCS of North Carolina; by Huang and Meinschein (1976) in an
investigation of sterols in Gulf of Mexico surficial sediments; by Froelich et al. (1977) in the
south Pacific along the East Pacific Rise; and by Oppenheimer et al. (1977) in the North Sea
during a study of microorganisms and hydrocarbons in seawater and surficial sediments. Transect
sampling designs have been used in biological studies on the continental margin in North Carolina
(Cerame-Vivas and Gray, 1966), in zonation studies on the continental margin of Georgia and
South Carolina (Rowe and Menzies, 1969), in a study of the faunal composition of the New
England continental shelf (Haedrich et al., 1975), on the Pacific Continental Shelf (Fager, 1968),
on the western Caribbean upper slope (Bullis and Struhsaker, 1970), in studies of the infauna of
the Southeast Georgia Embayment (Frankenberg, 1971), and in studies of the association of
marine microorganisms with detritus (Wiebe and Pomeroy, 1972). Sampling along transects is a
standard design of geological, physical, and chemical oceanographers (Pilkey and Frankenberg,
1964; Duane et al., 1972; Blanton, 1971; Stefansson et al., 1971).

Sampling was conducted during four seasons of 1977. Each seasonal cruise (Table 3.1-2)
included two legs—a water-column leg and a benthic leg. Water, zooplankton, and microbial
samples were collected during the water-column leg to provide an interdisciplinary overview of
the content and character of shelf water. Hydrocarbons, trace metals, organic carbon, micro-
nutrients, and dissolved-oxygen concentrations, as well as salinity and temperature, were measure-
d and indices of abundance of living biota determined through the measurement of chlorophyll a
concentrations and the enumeration of zooplankton and microbes. The microbial community
structure and metabolic use of hydrocarbons by microbes were determined by culturing
techniques. From samples taken on the benthic leg, information was obtained on sediment
texture, chemical constituents, and biotic assemblages of the seafloor. Accessory salinity and
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Station No.

1A
1B
1C
1D
1E
1F

2A
2B
2C
2D
2E
2F
2G
2H

3A
3B

Table 3.1-1. Station Locations

Latitude (N)

33° 50
33° 47
33° 35’
33° 20
33° 12
33° ot'

32° 87
32° 54’
32° 50’
32° 45'
32° 40
32° 36
32° 30'
32° 20
32° 26’
32° 2%
32° 13
32° o5’
32° o1’
31° 4¢’

31° 55°
31° 53’
31° 45’
31° 40
31° 34’
31° 27
31° 19

31° 13’
31° 12'
31° 08’
31° 05’
31° 03’
3rror
30° 59'
30° 57
30° s4'

30° 23’
30° 2%’
30° 23’
30° 23’
30° 23’
30° 23
30° 23’
30° 23’

29° 27
29° 28’
29° 31
29° 34/
29° 3¢’
29° 38’

Longitude (W)

78° 24’
78° 2V’
78° 05’
77° 46’
77° 36’
77° 2V

79° 17
79° 12’
79° 04’
78° 56'
78° 47
78° 39’
78° 29’
78° 11’
80° 14
80° 09’
79° 52'
79° 38’
79° 31'
79° 05'

80° 51’
80° 46’
80° 28’
80° 16’
80° 03’
79° 46'
79° 28’

81° 13
81° 08’
" 80° 50
80° 35’
80° 26'
80° 17’
80° 08'
79° 58'
79° 44’

81° 20'
81° 15
80° 51'
80° 3¢’
80° 26'
80° 18’
80° 10
79° 57

81° 03'
80° 57
80° 40’
80° 22
80° 11'
79° 53’

Depth (m)

11
13
18
25
44
285

12
16
22
27
37
42
218
373

183
410
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Table 3.1-2. Cruises of M/V G.W. Pierce Il

1977 Schedule
Water-Column Leg Benthic Leg
Departure Arrival Departure Arrival
Cruise Season (Port Everglades) (Southport) (Port Everglades)  (Southport)
1 Winter 31 Jan 8 Feb 9 Feb 5 Mar
2 Spring 3 May 8 May 8 May 22 May
3 Summer 9 Aug 14 Aug 15 Aug 4 Sep?
Time-Series? Summer 8 Sep 29 Sep - -
4 Fall 10 Nov 14 Nov 15 Nov® 29 Nov

2Arrived Brunswick, Georgia, to prepare for time-series cruise and effect repairs.
Seven legs included in time-series cruise.
®Demonstration cruise, 21 November.

temperature data and samples from which to determine micronutrients and chlorophyll 2 concen-
trations were routinely collected at all benthic stations. Epifauna was collected to determine
community structure, bioaccumulation of trace metals and hydrocarbons, and incidence of
histological anomalies. Table 3.1-3 describes the sampling scheme for each cruise, including a
time-series study of hydrographic factors and zooplankton distribution.

The interpretation of the SABP data that Texas Instruments collected is presented in this
volume. The authors of the chapters are eminent scientists (Table 3.14) who were selected as
principal investigators to discuss the results of the SABP because of their leadership in their
respective disciplines and experience in the geographic area of interest. All techniques used to
collect, prepare, and reduce the multidisciplinary data for this synthesis are described in
Volume 2; original data are provided in Volume 6, microfiched for archiving.
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Table 3.1-3. Sampling Scheme

Group Sample Types Transect Station Rationale
1 Quarterly collections for study of 1 D Central continental shelf stations
zooplankton tows; surface-film 22 E on the northern most and
hydrocarbons and microbiology 4 E southermost transects and on
: 5? E transects nearest potential oil
6 D activity
7 D
11 Hydrography (CTD), particulate 1 pt Hydrographic reference stations
trace metals, particulate and dissolved 28 E,F (group I and six additional stations
hydrocarbons, near-surface 3 pb for extended central and outer
microbiology, microbiological 4 D, E shelf coverage)
oxygen demand, particulate and 52 A, Bb, Eb, Gb
dissolved organic carbon 6 D
7 p°
111 Sediment samples for granularity 1 B,C,D,E, F Shelf and upper-slope stations on
and chemistry: hydrocarbons, trace 22 B,C,D, EF,GH control transects (1 and 7) and
metals, total organic carbon 52 B,C,D,E,F,G,H, I transects of major oil industry
7 B,C,D,EF interest
v Sediment samples for benthic In winter and summer, all 50 Emphasis placed in regions of oil
biological community description stations; in spring and fall, industry interest
and granularity: macroinfauna, as for group Il
foraminifera, total organic carbon
A" Epifaunal trawling or dredging 1 ct , D Central and outer shelf stations on
28 B, D, E, F¢, H° all transects with additional coverage
3 B®, Dc, E in areas of oil-industry interest
4 C,D,ESF
52 A%, C DG, I
6 B,C°, E
7 C, E F°
VI Time-series cruise
Hydrography 52 E,F,GH,1 Outer continental shelf stations
6 D,E,F,G H within range of Gulf Stream
meanders to monitor short-term
Gulf Stream intrusions
Zooplankton 52 E I Zooplankton sampled on central
6 D, H shelf to detect short-term
community variations
2 Iransects crossing regions of greatest future impact (2 and 5)
Total trace metals measured at selected stations
Sampled only on summer and winter cruises
10
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Tabie 3.1-4. Principal Investigators

Investigator Affiliation
L.P. Atkinson* Skidaway Institute of Oceanography
R.T. Barber* Duke University, Marine Laboratory
P.R. Betzer University of South Florida
B.C. Coull University of South Carolina
R.Y. George University of North Carolina, Wilmington
V.J. Henry* Skidaway Institute of Ocegnography
S.S. Herman Lehigh University
R.L. Lee Skidaway Institute of Oceanography
C.H. Oppenheimer University of Texas
B.K. Sen Gupta University of Georgia
J.C. Staiger "~ University of Miami
K.R. Tenore Skidaway Institute of Oceanography
M.R. Tripp University of Delaware
H.L. Windom* Skidaway Institute of Oceanography

*Members of Scientific Advisory Committee.

Discipline

Nutrients, physical oceanography

Organic carbon
Trace metals
Meiofauna
Invertebrate epifauna
Geology
Zooplankton
Hydrocarbon
Microbiology
Foraminifera
Epibenthic fishes
Macroinfauna
Histology of epifauna

Trace metals

11

Equipment Group



SECTION 2
CITED REFERENCES

Bell, E.0. 1977. Nature of potential oil industry operations on the Atlantic continental shelf.
In: Effects of energy-related activities on the Atlantic continental shelf (B. Manowitz, ed).
Brookhaven National Laboratory Conf. November 1975. ERDA Energy Res. Vol. 2 (12).

Blanton, J. 1971. Exchange of Gulf Stream water with North Carolina shelf water in Onslow
Bay during stratified conditions. DSR. 18(2):167—178.

Bullis, H.R., Jr., and P.J. Struhsaker. 1970, Fish fauna of the western Caribbean upper slope.
Q.]. Fla. Acad. Sci. 33:43-76.

Bureau of Land Management. 1976. Conference/Workshop Proc. Bureau of Land Management’s

environmental studies program for the south Atlantic outer continental shelf area. Atlanta,
Ga. Oct. 14—-47, 1975.

Ceramé-Vivas, M.)., and LE. Gray. 1966. The distributional pattern of benthic invertebrates of
the continental shelf off North Carolina. Ecology. 47:260-270.

Duane, D.B., M.E. Field, E.P. Meisburger, D.J.P. Swift, and S.J. Williams. 1972. Linear shoals
on the Atlantic inner continental shelf. Florida to Long Island. In: Shelf sediment
transport: process and pattern (D.J.P. Swift, D.B. Duane, and O.H. Pilkey, eds). Dowden,
Hutchinson & Ross, Inc., Stroudsburg, Pa. 447—498.

Fager, E.W. 1968. A sand-bottom epifaunal community of invertebrates in shallow water. Limn.
Oceanog. 13:448-464.

Frankenberg, D. 1971. The dynamics of benthic communities off Georgia USA. Thallasia
Jugoslavica. 7(1): 49-55.
Froelich, P.N.,, M.L. Bender, and G.R. Heath. 1977. Phosphorous accumulation rates in

metalliferous sediments on the east Pacific rise. Earth and Planetary Sci. Letters.
34:351-359.

Haedrich, R.L., G.T. Rowe, and P.T. Polloni. 1975. Zonation and faunal composition of
epibenthic populations on the continental slope south of New England. J. of Mar. Res.
33:191--212.

Holm-Hansen, O., W.H. Sutcliffe, Jr., and J.H. Sharp. 1968. Measurement of deoxyribonucleic
acid in the ocean and its ecological significance. Limn. Oceanog. 13:507—-514.

Huang, W., and W.G. Meinschein. 1976. Sterols as source indicators of organic materials in
sediments. Geochim. et Cosmochim. Acta. 40:323-330.

Oppenheimer, C.H., W. Gunkel, and G. Gassmann. 1977. Proc. 1977 Oil Spill Conf. (prevention,
behavior, control, cleanup). New Orleans, La., Mar. 8-10:593-609.

Pilkey, O.H., and D. Frankenberg. 1964. The relict recent sediment boundary of the Georgia
continental shelf. Bull of Ga. Acad. Sci. 22(1):37-40.

Pinet, P.R., and R.W. Frey. 1977. Organic carbon in surface sands seaward of Altamaha and
Doboy Sounds, Georgia. GSA Bull. 88:1731-1739.

Roberts, M.H., Jr. 1974. A socioeconomic environmental baseline summary for the south
Atlantic region between Cape Hatteras, North Carolina, and Cape Canaveral, Florida. Vol.
III: Chemical and Biological Oceanography. BLM, USDI.

Rowe, G.T., and R.J. Menzies. 1969. Zonation of large benthic invertebrates in the deep sea off
the Carolinas. Deep-Sea Res. 16:531-537.

Stefansson, U., L.P. Atkinson, and D.F. Bumpus. 1971. Hydrographic properties and circulation
of the North Carolina shelf and slope waters. Deep-Sea Res. 18:383-420.

Wiebe, W., and L.R. Pomeroy. 1972. Microorganisms and their association with aggregates and
detritus in the sea: a microscopic study. Mem, Inst. Ital. Idrobiol. 29 Suppl. 325-352.

12 Equipment Group



CHAPTER 2

HYDROGRAPHY, NUTRIENTS, CHLOROPHYLL,
AND ORGANIC CARBON
OF SOUTH ATLANTIC/GEORGIA BIGHT

by

Larry P. Atkinson
Skidaway Institute of Oceanography

Richard T. Barber
Duke University Marine Laboratory

Michael J. Wade
Texas Instruments Incorporated

13

Equipment Group



ABSTRACT

Physical and chemical data on the composition of seawater collected
in the western Atlantic Ocean between Cape Canaveral and Cape Fear
(Figure 3.1-3) were gathered to support data interpretation for the 1977
South Atlantic Benchmark Program. Salinity, temperature, dissolved
oxygen, inorganic nutrients, chlorophyll, and particulate and dissolved
organic carbon were measured at quarterly intervals at hydrographic
stations occupied along seven transects on the continental shelf of the
Georgia Bight. It was apparent that the prevailing ocean conditions in this
area were heavily influenced by freshwater runoff and Gulf Stream
intrusions onto the continental shelf. The quarterly sampling scheme
clearly defined the seasonal progression on the shelf from the unusually
cold winter of 1976/1977 through the normally hot summer of 1977.
Extreme cooling of the inner shelf in winter was followed by maximal
warming during the summer (the maximum annual temperature of
approximately 25°C was observed). The middle- and outer-shelf regions
exhibited lower annual temperature ranges of 15° to 18°C. Concentrations
of nutrients were normally high offshore in near-bottom waters close to or
beyond the shelf break and again farther up on the shelf during February
and along some transects in May 1977. These waters had a persistent atom
ratio excess of phosphorus and silicon over nitrogen. No significant land
source for nutrients was detected, although some silicate was delivered to
the nearshore areas by river runoff. The only process that provided new
nutrients to the shelf was the upwelling of deep water. Particulate organic
carbon and chlorophyll correlated well throughout the study area; peaks
were observed in the extreme inner zone and on the southernmost transect
near Cape Canaveral where persistent upwelling occurs in the wake of the
cape. Dissolved oxygen on the continental shelf approached or exceeded
saturation during all four seasons, while oxygen decreased to 30 to 50%
saturation at depth on the continental slope.

A time series of observations to study any subsurface Gulf Stream
intrusion onto the shelf at the southern end of the study area during
September 1977 showed constancy for salinity, temperature, dissolved
nutrients, and chlorophyll, indicating that there was probably no intrusion
during the 21 days of observations.
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SECTION 1
INTRODUCTION

A. PURPOSE

The physical and chemical composition of seawater was investigated to characterize the
water mass and prevailing oceanographic conditions on the Georgia Bight continental shelf during
the four seasons in 1977. The observations are meant to serve a supportive role for the intensive
high-resolution biological and chemical analyses during the 1977 South Atlantic Benchmark
Program. While physical conditions such as temperature and salinity will not be significantly
affected by development of petroleum resources on the continental shelf, they are an integral
part of the shelf ecosystem, which will be affected by petroleum development.

Hydrographic (temperature, salinity, and dissolved oxygen), inorganic nutrient (nitrate,
phosphorus, and silicate), chlorophyll a, and particulate and dissolved organic carbon data were
collected during the water-column leg of each seasonal cruise. Hydrographic, inorganic nutrient,
and chlorophyll data were collected during the benthic leg of each seasonal cruise and during the
time-series leg of the summer cruise.

It is important to use these data in an appropriate manner, considering that they are of
limited value in assessing real-world processes. The processes regulating these properties have
characteristic event scales of from one to several days; this response scale is equal to or less than
the length of time required to cover the seven transects in each leg of the cruises. If an advective
event had begun and developed fully during one cruise leg, the hydrographic data would have
shown a spatial pattern along the grid, whereas the actual pattern in nature would have varied as
a function of time. The existence of this temporal aliasing is a frequent problem in oceanography
whenever a large grid or section is studied. It is important that the reader recognize that the
horizontal maps are not synoptic, that the water-column leg required about 6 days and was run
south to north, and that the benthic leg required about 20 days and was run north to south.

The sampling did resolve the seasonal pattern of shelf variability. The progression from the
unusually extreme winter conditions to the intermediate spring to the extreme summer and back
to the intermediate fall was the best description of changes in the entire Georgia Bight that has
ever been obtained.

The following paragraphs review the present state of knowledge about the hydrography of
the area in order to lay the foundation for understanding the data gathered during the 1977
South Atlantic Benchmark Program (SABP).

B. BACKGROUND

Using data gathered in earlier investigations (Atkinson, 1975, 1976), Atkinson (1978)
summarized oceanographic processes determining the hydrographic character of the continental-
shelf water of the Georgia Bight, identifying freshwater runoff into the coastal area and
intrusions of the Gulf Stream up onto the shelf as the two most important processes affecting
the composition of the shelf water. Atkinson included the seasonal variation in air temperature,
coupled with spring and summer insolation and fall and winter radiational cooling, as processes
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of lesser contribution to changes in the character of shelf water. Over the annual cycle, surface
temperatures ranged from <14°C to >29°C. Higher temperatures occurred in the vicinity of the
Gulf Stream during all seasons. During winter and spring, there was a definite offshore horizontal
gradient in surface temperature. In spring, horizontal gradients were minimal except in the
vicinity of the Gulf Stream. During summer, solar heating of surface waters further minimized
horizontal temperature gradients. During fall, surface waters did not show temperature gradients
throughout the entire Bight. During fall, spring, and summer, near-bottom horizontal
temperatures decreased toward deeper water; by contrast, during winter, near-bottom tempera-
tures increased toward deeper water. This temperature distribution arises because relatively cold,
deep, Gulf Stream water moves onshore along the bottom during an intrusion process; during
winter, this intrusion actually appears to bring warmer water to the shelf because the shelf water
is relatively colder than the intruding Gulf Stream water. This process is very important because
it brings new water onto the shelf, replacing that which was there and providing a source of
fresh nutrients to the shelf.

The annual variation in temperature placed the highest average in nearshore waters at
12.3°C, in offshore surface waters at 6.4°C, and in shelf-break bottom waters at 4.2°C.

Surface salinities were lower near shore; in general, the 35 ©/oo isohaline followed the 18-m
(10-fathom) isobath. In the southern end of the study area south of 31°N latitude, the isohalines
intersected the coast. Surface salinities were generally >36 ©/oo for the shelf water; the higher
values were to the south and the lower ones to the north at the same isobath.

The intrusion of deeper, nutrient-rich water onto the continental shelf was identified by
looking at the near-bottom nutrient distribution. Since shelf nutrients are usually low because of
phytoplankton uptake, higher concentrations of nitrate are especially indicative of intruded
bottom water up onto the shelf. Typically, shelf-water nitrate concentrations were <1 pg-atom/l.
In an intrusion, nitrate concentrations are higher, often reaching 10 ug-atoms/l. Farther offshore,
near-bottom nitrate values increased, the only variant being where the increase started in the
cross-shelf direction.

A strong thermocline caused by the intrusion of the cold Gulf Stream up onto the shelf
existed in the outer-shelf waters during the fall. High nutrient concentrations were associated
with this cold water. The area of maximum salinity often had values of 36.5 ©/oo and occa-
sionally 36.7 ©/oo. Nearshore salinities progressively decreased, and surface salinity near the
shoreline was almost always less than bottom salinity.

Silicate and phosphate increased toward the shore from midshelf. Highest concentrations
were usually at the surface. This too reflects the fresher-water outflow of these two nutrients.
An oxygen minimum, usually <3.5 ml/l, was associated with the zone of high salinity.

Winter data showed the influence of strong winds and cooling on the study parameters.
Nearly all the isolines were vertical, indicating the complete absence of vertical gradients in shelf
waters. Temperature and salinity decreased toward the coast, reflecting atmospheric cooling and
the influence of river runoff, respectively. In all vertical profiles, the colder deep water was
found at the shelf edge. In spite of intense wind mixing, the profiles at the shelf break looked
much like those seen in the fall. '
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The spring cruise was held while strong winter winds were ameliorating and the shelf was
seasonably heating. Shelf-water temperatures were 18° to 21°C and exhibited little vertical
structure. Coldest shelf waters were at the southern end of the study area and were caused by
intrusion of colder Gulf Stream water.

The salinity maximum occurred well east of the shelf break at depths of 100 to 200 m. The
slope of the isotherms in deeper water implied a counter-current (flowing counter to the Gulf
Stream) near the shelf break in the northern part of the area. Nutrient concentrations revealed
an especially intense active intrusion of deeper Gulf Stream water into the outer shelf waters in
the northern section of the study area. Profiles showed a consistent dissolved-oxygen minimum
at 100 to 200 m.

The area was dominated in summer by a southerly wind system, and there was a significant
intrusion of colder water onto the entire shelf. Present at the shelf break was deep water having
a temperature of 20°C and a nitrate concentration of 2 uM. In the southern section of the study
area, a Gulf Stream eddy formed when the Gulf Stream intruded into the shelf waters and then
was cut off from the main flow.

The horizontal effect of freshwater runoff and Gulf Stream intrusions is summarized in
Table 3.2-1. Runoff (defined by the 35 ©/oo isohaline) averages 56 km offshore in the north but
<3 km in the south. Intrusions defined by nitrate concentrations of >1 ug-atom/l extend up
onto the continental shelf an average of 20 km from the shelf break and much closer to shore in
the southern than in the northern part of the Georgia Bight. The seasonal variability in the
extent of the influence onto the shelf suggests that water-mass movement on this part of the
continental shelf is dynamic and that transport of waterborne pollutants through the area must
be equally dynamic.

During the fall of 1973, a special situation of lower salinity and lower density was observed
midway on the shelf. It was hypothesized that this was the result of water that originated from
the Mississippi River during periods of high freshwater runnoff (Atkinson and Wallace, 1975)
being transported out of the Gulf of Mexico by the Gulf Stream. This behavior, if this
hypothesis is correct, will also act as a pollutant transport mechanism into and out of the
Georgia Bight.

The temperature-salinity relationships, examined through the use of standard T-S plots, are
well defined and predictable from years of open-ocean research (see Sverdrup et al., 1942, for a
summary) for each ocean and each depth in that ocean. For example, subsurface ocean water of
10°C always has a salinity of about 35 ©/oo (Atkinson, 1978). The T-S relationship for subsur-
face waters is predictable. The Gulf Stream also has a narrowly defined T-S boundary. The shelf
waters, however, are subject to seasonal effects because of the annual variation of precipitation
and runoff and the combined effects of evaporation and precipitation. The seasonal variation of
temperature and salinity on the -nearshore shelf zone is schermatically presented in Figure 3.2-1
(Atkinson, 1978). Freshwater runoff, bimodal with peaks in late winter and late summer, lowers
salinities. During periods of slack runoff, insolation causes salinities to increase by surface
evaporation; during the winter, the annual temperature cycle cools the shelf water. The tempera-
ture of the water increases as the air becomes warm and the duration of the insolation increases.
The temperature peaks during summer, decreases during fall, and returns to lower temperatures
during winter.

With an understanding of these processes, it is possible to proceed to a discussion and
assessment of 1977 SABP data.
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Table 3.2-1. Horizontal Effects of Freshwater Runoff and Gulf Stream Intrusions

on Continental Shelf of Georgia Bight

Section Avg Extent (km) No. of
Seasons

o | 56.5 + 33.3 4
Q

5 il 4231236 4
g I 338+ 15.0 4
g v 37.8+23.0 4
@ v 195+ 1.3 4
(=}

g v 27+ 4.6 3
© an 334 1 24.7 23
g I 15.5+17.2 4
E I 12.8 £ 10.5 4
=

S u 273+ 9.5 4
FER\/ 115+ 1.3 4
sV 13.5+ 134 4
[

g VI 40.0 + 30.8 3
S Al 19.2+ 16.6 23
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SECTION 2
METHODS AND QUALITY CONTROL

A. ANALYTICAL METHODS

Sampling and analysis procedures are discussed in detail in Volume 2 of this report. During
all four seasons, 12 hydrographic stations were occupied on the water-column leg of each cruise.
On the benthic leg of each cruise during winter and summer, 50 hydrographic stations were
occupied; 25 hydrographic stations were occupied during the benthic leg of the spring and fall
cruises.

Water samples were collected in 10-1 Niskin bottles or 7.5-1 Go-Flo bottles. Temperature,
salinity, dissolved oxygen, and chlorophyll a data were collected aboard the research vessel.
Samples for analysis of nutrient concentration and particulate organic carbon were collected,
frozen, and analyzed at TI’s Environmental Chemistry Laboratory at the end of the research
cruise. Samples for the analysis of dissolved organic carbon were collected and ampules sealed
onboard and returned to the laboratory.

B. QUALITY CONTROL

Because the processes which govern the physical and chemical factors of seawater are
basically understood, the internal consistency of these data can be evaluated to determine their
overall suitability in adding to our knowledge of the study area.

1. Inorganic Nutrients

It is generally recognized that nitrate, phosphate, and silicate covary in a fixed manner,
possibly established by the atom ratios of marine phytoplankton. This establishes the Redfield-
Ketchum-Richards model (Redfield et al., 1963). It can be predicted that the nitrate nitrogen:
phosphate phosphorus atom ratio in seawater will be 16:1. A simple quality-control check on the
nutrient data involved regressing nitrate on phosphate to verify significant correlation and a 16:1
slope.

2. Particulate Organic Carbon

The quality of the particulate organic carbon data was verified by comparing the distribu-
tion of particulate organic carbon with the distribution of chlorophyll a. The filters that were
used to collect the material for chlorophyll analysis and those used to collect particulate organic
carbon samples had similar but not identical retention sizes; generally, POC increases over the
detrital level will correlate with increases in chlorophyll a.

3. Chlorophyll a

Using chlorophyll a data alone and using a calculated chlorophyll a/living-POC ratio,
chlorophyll a data were verified by comparison with previous data from the South Atlantic. In
addition, behavior of chlorophyll a versus POC was examined using regression analysis (Huntman
and Barber, 1977).
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4. Dissolved Organic Carbon

In the dissolved organic carbon analyses for winter samples, a problem arose from high
blank values. It was possible to calculate a mean blank value and thus arrive at a predicted but
low confidence number for the DOC concentration. Since DOC distribution in the open ocean
varies in a constant manner with depth and always within known bounds, it is easy to reach a
judgment that the DOC numbers are not accurate. The dissolved organic carbon data were not
intended to be and cannot be used as a primary index of hydrocarbon contamination since this
contamination, if it is present, will be in the picogram or nanogram range rather than in the
milligram range of the natural dissolved organic carbon. Potential petroleum contaminants will be
up to a millionfold less abundant than the general DOC pool of seawater. Research into the
composition of the DOC pool is of continuing interest; some first-class analytical work will be
needed to solve the questions related to the corhposition and origin of this natural material.
Since the natural material exceeds the petroleum-related compounds by such a large amount,
serious analytical complications could result if there is even partial involvement of the natural
organic matter in the extraction procedures. It seems that more qualitative analytical effort on
the natural dissolved organic compounds would pay a large dividend in understanding, while it is
not clear what use can be made of the quantitative data that are collected by the total organic
carbon analyses.

5. Dissolved Oxygen
Dissolved-oxygen values were determined according to Strickland and Parsons (1972) and

were reported in milligrams per liter of seawater, then converted to micromoles per kilogram of
seawater and compared to the saturation values given by Kester (1975).
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SECTION 3
RESULTS

Cruise tracks and station locations are presented in Volume 2. In this section, all horizontal
plots of data are constructed using water-column and benthic data for both legs of each seasonal
cruise plotted together. Data are not available for all benthic stations during all four seasons. The
interested reader should examine the data set (Volume 6) to make a judgment as to the validity
of contouring. The dashed lines in the plots indicate doubt concerning the positions of isolines.

A. TEMPERATURE DISTRIBUTION

As is normal in winter, inner-shelf temperatures were low and decreased to the north.
Nearshore temperatures ranged from 4.7°C in the north to 14.8°C in the south. As Figure 3.2-2
indicates, the isotherms tended to parallel the coast, with midshelf temperatures varying from
10° to 20°C and outer-shelf waters ranging from 18° to 21°C. In winter (Figure 3.2-3), because
of wind mixing, bottom temperatures were similar to surface temperatures on the inner shelf;
this indicated that the Gulf Stream was to the east off transects 5 and 6 and to the west off
transects farther to the north.

During spring (Figure 3.2-4), minimum surface temperatures were observed in outer-shelf
waters in the southern sections. Bottom temperatures (Figure 3.2-5) also tended to confirm the
presence of colder water at the shelf break. From these data, one can conclude that a shelf-edge
cold eddy was present during the observation period at stations 7D and 7E and possibly at 6F,
6G, and 6H. Relative to winter, spring shelf waters had warmed considerably; the alongshore-
nearshore gradient that had been 5° to 15°C was now 21° to 24°C, and the onshore-offshore
gradient decreased to only 1° to 4°C.

The summer distribution of surface temperature (Figure 3.2-6) was usually rather mono-
tonous. The low temperatures off Daytona Beach were not unusual and may have represented
upwelling of subsurface Gulf Stream water. Bottom temperatures (Figure 3.2-7) indicated an
intrusion of 18° to 19°C water on transects 4 and 5.

Fall cooling shows its effect in Figure 3.2-8. Isotherms again paralleled the coast, and
horizontal thermal gradients were increasing. Near-bottom temperatures (Figure 3.2-9) indicated
no significant Gulf Stream interaction with the shelf waters. :

B. SALINITY DISTRIBUTION

The distribution of surface salinity is most useful in revealing distance to which runoff
extends into the shelf waters but is not as useful an indicator of Gulf Stream water as is
temperature. ’

Salinities of 30 ©/oo were observed between Savannah and Brunswick during the winter
cruise (Figure 3.2-10). The 35 ©/oo isohaline, a good indicator of the extent of runoff, paralleled
the coast to Jacksonville, then intersected the coast at Daytona Beach.

It is not possible to comment reliably on the minimum salinities at many of the inshore
stations during the spring cruise (Figure 3.2-11) because, according to the study design, many of
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these inshore stations were not to be sampled. The low salinities at 7E were possibly associated
with a Gulf Stream eddy.

Summer was a time of low runoff. The 35 and 36 ©/oo isohalines (Figure 3.2-12) were near
the coast.

Fall was a time of minimum runoff and high surface salinities (Figure 3.2-13). Most of the
mid- and outer-shelf water was 35 to 36.5 ©/oo; only nearshore stations exhibited less than
35 9/oo0.

C. RELATIONSHIPS
1.  Nitrate Versus Phosphate

Figures 3.2-14 through 3.2-17 present data for the regressions of phosphate versus nitrate
for the four seasonal cruises. Table 3.2-2 summarizes the regression data, showing that nitrate
and phosphate were significantly correlated for all four seasons but that the predicted slope of
the phosphate-versus-nitrate line was about 1:15 only for winter, spring, and fall. For summer,
the slope of the relationship was determined to be about 1:30, which was clearly impossible. It
was determined that the nitrate samples that had been diluted to be properly analyzed were the
samples biasing the regression analysis; when these samples were corrected for the obvious
dilution error, a slope closer to the 1:15 value was obtained. The corrected data are shown in
Figure 3.2-16; uncorrected data are given in Appendix 3.2A, Volume 6. The reader is cautioned,
however, that these data may contain additional errors and remain suspect. Because of the
uncertainty of the summer nitrate data, this discussion is limited to winter, spring, and fall data.

The significant positive slope of approximately 1:15 for phosphate-versus-nitrate regressions
for winter, spring, and fall indicated relatively typical nutrient-rich deep water at the bottom of
the offshore stations. Table 3.2-3 shows, however, that the typically high nitrates were restricted
to relatively great depths. The bottom intrusions that dominated the temperature, salinity, and
advective fields had little nutrient impact in waters shallower than 50 m. Significantly, during
spring and fall, the 1 ug-at/l values were restricted to depths exceeding 100 m. )

The intercept of the phosphate-versus-nitrate regression (see Appendix 3.2B, Volume 6) is
positive for phosphate at approximately 0.1 ug-at/l. The mean phosphate on the shelf is about
0.25 ug-at/l (Appendix 3.2B).

2. Nitrate Versus Temperature

Where nitrate concentrations were high, temperature-versus-nitrate regressions defined the
domain in terms of temperature. The highest temperature at which nitrate values exceeded
1 ug-at/l can be seen in the print plots of the regressions in Appendix 3.2B of Volume 6. The
winter temperature intercept was about 19°C; spring, approximately 21°C; and fall about 17°C.
These observations emphasize that water colder than 22°C must intrude into the euphotic zone
if there is to be quantitatively important nitrate transport into the shelf ecosystem. The maps of
bottom temperature during the four seasons show this condition in the Georgia Bight. The
nitrate-versus-temperature regressions show that there was very cold water in winter with zero
nitrate; this condition was created when already nutrient-depleted water was locally cooled
during winter. While water must be colder than 22°C if nitrate concentrations are to be high,
this condition is not sufficient by itself.
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Table 3.2-2. Phosphate-Versus-Nitrate Regression Data

Correlation

Regression Mean Phosphate Phosphate Intercept Coefficient
Season Slope N:P (ug at/l) (ug at/t) (r?*)
Winter 0.066 15.2 0.28 0.09 0.91
Spring 0.10 10 0.27 0.07 0.68
Summer® 0.041 224 0.43 0.19 0.78
Fall 0.082 12.2 0.24 0.10 0.93

3Corrected data.

Table 3.2-3. Seasonal Variations in Bottom Nitrate on Transect §

Concentration (ug-at/l)

Station Winter Spring Fall
(depth in m)
5A (8) 0.0 - =
5B (10) 0.1 0.2 0.2
5C(19) 0.1 0.2 0.2
5D (26) 0.2 0.0 0.2
SE (33) 0.0 0.2 0.2
SF (37) 0.1 0.0 0.2
5G (41) 0.6 0.0 04
5H (92) 4.6 04 0.6
51(420) 26.5 304 214

The near-bottom distribution of nitrate (Figures 3.2-18 through 3.2-20) shows the results of
advection of nutrient-rich, deeper Gulf Stream waters onto the shelf. Since nitrate is used by
phytoplankton and the concentrations are reduced, its presence is a definitive indicator of recent
Gulf Stream intrusion activity.

Winter samples exhibited relatively high nitrate concentrations at the shelf break at all
locations except transect 5 off Brunswick (Figure 3.2-18). This pattern repeated itself in spring
samples (Figure 3.2-19), although concentrations were relatively lower and no intrusion activity
was visible on transects 1 or 2.

The fall data (Figure 3.2-20) indicated that there was no intrusion activity over the entire
shelf.

3. Salinity Versus Silicate

The Georgia Bight has two significant sources of silicate—the deep ocean and rivers. The
silicate:salinity plot for the four seasons (Figure 3.2-21) demonstrates these sources and the
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effect. In winter, the low-salinity coastal waters had silicate concentrations reaching 3 ug-at/l,
whereas high salinity deep-water concentrations reached 15 ug-at/l. During the spring cruise,
concentrations were higher in both nearshore low-salinity waters and in the deeper high-salinity
waters. During the summer cruise, no low-salinity waters were sampled, but high concentrations

were encountered in the deeper waters. Fall observations were similar to those in summer;
silicate concentrations were not high near shore because of reduced runoff.

4. Temperature Versus Salinity

A plot of temperature versus salinity is useful in checking the quality of the T-S data and
interpreting the gross features of the waters. Figure 3.2-22 is a schematic derived from the
individual seasonal T-S plots. Winter shelf water was coldest and freshest; water during the other
seasons was warmer and more saline. The Gulf Stream water was relatively constant throughout
the year.

5. Time-Series Regressions

The time-series stations were all on the outer shelf and therefore were expected to show no
influence of runoff (e.g., high silicate at low salinity); indeed, there were no salinities less than
35.0 °/oo (Figure 3.2-23).

The variety of waters sampled during the time-scries cruise is demonstrated in the nitrate:
phosphate plot (Figure 3.2-24). Phosphate and nitrate concentrations varied from O to 2.4 and
30 ug-at/l, respectively. The apparent ratio of N:P, 16:1, was as expected and was higher than
that observed on the other cruises.

The temperature:salinity diagram (Figure 3.2-25) clearly shows that the majority of the
sampling was in waters having Gulf Stream characteristics. The few surface-water samples (those
with temperatures above 26°C) exhibiting salinities of <36.0 ©/oo could be considered to be
slightly diluted with shelf water.

The phosphate:temperature plot (Figure 3.2-26) shows the typical increase in phosphate
(and nitrate, since they are proportional) with decreasing temperature. If a subsurface Gulf
Stream intrusion had occurred, low phosphate values would be expected at 15° to 23°C because,
when deep, cold (8° to 10°C), nutrient-rich Gulf Stream water had ascended and intruded into
the shelf waters, phytoplankton would have consumed the nutrient during the warming process.
Since this was not observed, one may conclude that no Gulf Stream activity that would have
significantly affected the outer shelf system in a chemical or biological sense occurred during the
time-series cruise.

D. PARTICULATE ORGANIC CARBON AND CHLOROPHYLL

The behavior of POC versus chlorophyll a, shown in Figures 3.2-27 through 3.2-30 and
summarized in Table 3.2-4, shows that the correlation coefficient was significant in spring,
summer, and fall but was definitely not significant in winter. The intercept of the regression at
some positive value of particulate carbon and at a zero chlorophyll value was an indication of
the quantity of detrital particulate organic carbon or the amount of carbon not associated with
chlorophyll a. In winter, the chlorophyll mean (Table 3.2-5) was high (2.16 ug/l), as was the
POC mean (148 ug C/1). Based on these two values, the carbon:chlorophyll ratio was 69, which
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Table 3.2-4, Particulate Organic Carbon Versus Chlorophyll «

Season Mean POC  POC Intercept® Mean Chlorophyll g Ratio Correlation
wgCh) g g/ C:Chla Coefficient
«?
Winter 148 139 2.16 5 0.01
Spring 105 78 0.95 . 30 0.60
Summer 117 53 0.76 90 0.66
Fall 179 84 1.14 95 0.81
Apetrital

Table 3.2-5. Mean Organic Carbon and Chlorophyll by Season

Season Mean Chlorophyll a Mean POC Mean DOC
(ug/t g C) (mg C/)
Winter 2.16 148 3.94
Spring 0.95 105 0.98
Summer 0.76 117 0.54
Fall 1.14 179 0.28

is characteristic of coastal waters. Unfortunately, the POC intercept was at 139 ug C/l; if the
intercept is assumed to be nonliving detrital carbon and is subtracted from the mean POC, the
carbon:chlorophyll ratio becomes 5. The low carbon:chlorophyll ratio and high POC intercept
suggest the possibility of carbon contamination on the first cruise. However, on closer examina-
tion of the winter data (Figure 3.2-27), it is apparent that the regression analyses were
prejudiced by three high chlorophyll a values obtained from station 3D surface and station 2E
surface and bottom samples. If these three values are eliminated from the data and the regression
analyses are redone, the correlation coefficient (r?) is calculated to be 0.66, the mean POC to be
155.2 ug C/1, the POC intercept to be 85 ugC/l, and the chlorophyll mean to be 1.71 ug/l.
Based on these data, the carbon:chlorophyll ratio is 91. If the intercept is assumed to be
nonliving detrital carbon and is subtracted from the mean POC value, the organic carbon:
chlorophyll ratio becomes 41, a value reasonable for productive coastal waters (Huntsman and
Barber, 1977). Based on this rather basic analysis, it appeared there was an error in either the
POC or chlorophyll data for these three data points during the winter cruise.

The POC-versus-chlorophyll regression shows a significant positive slope in all seasons,
provided three data outliers of winter were neglected. The fact that the seasonal pattern of
chlorophyll agreed well with previous studies in the South Atlantic (i.e., the highest mean value
in winter and the lowest in summer) suggests that the problem with the winter data outliers was
with the POC data for those three stations. If the POC data are correct for these three
values—and assuming zero detrital POC—the ratio of living carbon to chlorophyll a ranges from
9.6 to 34, a value that, while not impossible, is difficult to accept.
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The high chlorophyll a values are discussed in the Second and Third Quarterly Summary
Reports (Texas Instruments Incorporated 1977a and 1977b). In the Second Quarterly Summary
Report, bad analytical technique was suspected, but this was discounted in the Third Quarterly
Summary Report and the high chlorophyll a values were postulated to result from “rather dense
phytoplankton blooms” observed during the winter cruise. Holm-Hansen (1969), in presenting
data on oceanic biomass profiles off Southern California, reported that a chlorophyll peak at 50
um was not reflected in any of the corresponding particulate carbon, nitrogen, ATP, or DNA
profiles. Holm-Hansen observed that the peak chlorophyll value was 0.22 ug pigment/l for his
station 2 and the corresponding POC value was 48 ug C/l, giving a POC:chlorophyll ratio of
approximately 200. The relevant parallel to this work is the increase in chlorophyll levels
without observable increases in POC. Holm-Hansen reported that phytoplankton counts were the
only indicator that accounted for the peak chlorophyll value. Thus, it appears that high
chlorophyll levels can occur without the same increase in POC values.

The argument can be advanced that a similar effect occurred during the winter sampling at
stations 2E and 3D. Unfortunately, there are no phytoplankton count data with which to verify
this hypothesis. Salinity, temperature, chlorophyll a, POC, and nutrient data that are available for
these samplings are presented in Table 3.2-6. Also given are calculated ratios for POC:chloro-
phyll a, N:Si, and N:P. These data show that nutrient enrichment was present at station 2E at a
relatively high temperature of 13°C at the time of sampling. This is especially evident at the
surface at station 2E where nitrate was 11.3 ug-at/l and phosphate was 0.68 ug-at/l, giving an
N:P ratio of 16.6, a value indicating that preferential nutrient uptake had not occurred as of the
time of sample collection. At station 2E bottom (water depth of sample, 34 m), data indicated
uptake of nitrate in preference to phosphate (N:P = 9.6). At station 3D surface, both nitrate and
phosphate were essentially nutrient-limited. This provides only indirect evidence with which to
substantiate the hypothesis that a bloom state was responsible for the elevated chlorophyll a
values and the abnormal POC:chlorophyll a ratios. These data, taken together, suggest that the
behavior between POC and chlorophyll a present at the time of sample collection was anomalous
when compared with data collected over the entire study area. Thus, it can be argued that
neither POC nor chlorophyll a values were incorrect but that a unique occurrence was recorded
at the time of sampling. Unfortunately, nothing more definitive can be said, and this must
remain a hypothesis subject to subsequent confirmation or refutation. Because of this
uncertainty, these data are not discussed further.

Table 3.2-6. Selected Hydrographic Data for Stations 2E and 3D

Station

Depth S T Chla POC $i0, NO, PO, POC:Chla  N:Si N:P
Station (m) (0 Joo) (CC) (ug/h (ug) (ug-at/l) (ug-at/l) (ug-at/l) Ratio Ratio Ratio
2E Surface 35 359 12.97 4.87 46.6 33 11.3 0.68 9.6 34 16.6 »
2E Bottom 3§ 36.1 13.17 ' 6.83 121.6 1.7 4.6 0.48 17.8 2.7 9.58
3D Surface 42 36.4 17.16 4.36 148.6 0.7 0.1 0.2 34.1 0.14 0.5

Mean particulate organic carbon values for winter (without outliers), spring, summer, and
fall were 155, 105, 117, and 179 ug C/1, respectively. The nonliving POC or detrital carbon was
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55, 74, 45, and 46% of winter, spring, summer, and fall totals, respectively (Table 3.2-4 plus

corrected seasonal data). The spatial pattern that emerges is a clear inshore maximum associated
with high concentrations of chlorophyll.

Station SA, a truly inshore station, was sampled repeatedly. The high POC and chlorophyll
values, which improve the quality of the correlation coefficient in the carbon-versus-chlorophyll
regressions, are always from station SA. The richness of this station in terms of organic matter
seems quite distinct from the rest of the stations in the study.

The seasonal pattern of chlorophyll abundance (Table 3.2-5) showed a peak in winter and a
minimum concentration for the shelf as a whole in summer. This pattern supports the concept
that intrusions and wake-stream upwelling are most strongly present in winter and are weakest in
summer. The chlorophyll data showed that the inshore zone as sampled at station 5SA had the
entire shelf’s chlorophyll maximum. The good correlation of chlorophyll and particulate organic
carbon shows that the organic richness results mainly from phytoplankton growth, not from the
runoff of detritus-laden water. ’

The mean DOC values by season (Table 3.2-5) showed a very large variation (from about
4.0 mg C/l in the winter to a low of about 0.30 in the fall). There is no possibility that this
pattern is real, because it disagrees with other observed distributions.

E. DISSOLVED OXYGEN DISTRIBUTION

Table 3.2-7 shows the seasonal dissolved oxygen (DO) maximums and minimums, the
stations and depths for which these data were determined, and the temperature (°C) and. salinity
(°/oo) at these stations. This general distribution indicated that shelf waters were well
oxygenated, with supersaturation ranging from 11 to 24%, whereas waters beyond the
continental break down the slope at depth may at times have been 51 to 69% undersaturated.
Atkinson (1978) reported similar DO distributions.

Winter surface DO levels (Figure 3.2-31) were highest in the low-temperature areas in the
north and were lower in the south. The concentration isolines paralieled the coast and followed
surface isotherm patterns (Figure 3.2-2) reflecting temperature control of DO concentrations.
Almost all surface waters in the study area were either at saturation or supersaturated; only at
stations 3F and 4G was 6 to 8% undersaturation observed.

Winter bottom-water DO concentrations (Figure 3.2-32) again reflected the temperature
control and showed the same general isotherm pattern (Figure 3.2-3); they were an inverse
function of distance offshore, with a severe isoline gradient beyond the shelf break down the
slope. They were mostly supersaturated at inshore stations, saturated in midshelf areas, and
undersaturated in the deep water at the outermost stations.

Spring DO concentrations (Figures 3.2-33 and 3.2-34) were lower (generally in the 7.0 to
7.9 mg/l range at the surface and bottom) than those observed in the winter and were saturated
or slightly supersaturated throughout the study area. Only the northernmost nearshore station
(2B) had surface values exceeding 8.0 mg/l (13% supersaturation). Surface values lower than 7.0
mg/l were encountered at stations 5G, 5H, and 5I, correlating well with the position of the 26°C
isotherm (Figure 3.2-4). These stations were 4 to 6% undersaturated. Bottom DO concentrations
at the shelf break and down the slope were similar to winter concentrations and isoline locations.
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Figure 3.2-31. Surface Dissolved Oxygen Concentrations (mg/l), Winter 1977
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Figure 3.2-33. Surface Dissolved Oxygen Concentrations (mg/l), Spring 1977
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Table 3.2-7. Ranges of Dissolved Oxygen for Each Seasonal Cruise During 1977

Temperature Salinity Dissolved Oxygen

Season Station Depth () (°/oo) (mg/1)
Winter

Maximum 1A Surface 4.7 3442 11.8

Minimum 51 Bottom 8.0 35.03 2.8
Spring

Maximum 1B Surface 21.1 34.00 8.2

Minimum 51 Bottom 8.3 35.00 4.4
Summer

Maximum 7D Bottom 228 36.58 7.3

Minimum 51 Bottom - 35.20 4.3
FFall

Maximum 1C Bottom 19.0 36.01 8.8

Minimum 51 Bottom 11.7 35.44 4.3

Values lower than 5.0 mg/l were encountered only in bottom waters at the outermost stations of
each transect, giving 40 to 50% undersaturation.

The trend of decreasing dissolved oxygen concentrations continued during the summer
(Figures 3.2-35 and 3.2-36) when DO generally was at levels of 7.0 to 6.0 mg/l and was
essentially at saturation. This follows from the increase in shelf water temperature from winter
through spring to a maximum during summer. Again, data for bottom waters at the deepest
outermost stations showed DO concentrations of <5.0 mg/l that were 40 to 50% undersaturated.

Fall data showed that surface DO concentrations again become supersaturated as lower
temperatures returned to the shelf area, increasing to more than 8.0 mg/l at nearshore stations
and decreasing seaward where an outer-shelf station (5I) had 6.5 mg/l (Figure 3.2-37), which was
at saturation. Bottom-water values again showed the isoline gradient at the shelf break and down
slope (Figure 3.2-38); they were <5.0 mg/l at the deepest stations. The levels were
undersaturated by 40 to 50%, as was observed for all four seasonal samplings. Fall isoline
patterns generally conformed to the isotherm patterns discussed previously.

Correspondence between DO isolines and isotherms, as well as the seasonal DO variation
exhibited throughout the four seasonal samplings, argues for temperature/salinity control of
oxygen concentration in areas of the shelf where water-column mixing occurs. In areas where
different water masses are found in the water column, oxygen has been removed by oxidation of
organic material and has not been replaced because this deeper water has not been in contact
with the atmosphere. This effect of two water masses in the Gulf Stream was originally discussed
by Rossby (1936) and corresponds to the results of our investigation.
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SECTION 4
\ DISCUSSION

A. OBSERVATIONS WITH RESPECT TO MEAN CONDITIONS

The Georgia Bight, being a broad shallow shelf east of a large landmass, is particularly
responsive to weather that may come off the North American continent. This is especially true
in winter when the shelf waters are either occasionally cooled by cold fronts from the continent
or are warmed by intrusions of Gulf Stream waters. During the summer, the only source of
colder waters—the Gulf Stream intrusions—does not affect the whole shelf. Thus, monthly
temperature ranges are much greater in winter than in summer.

Since the data in this report will be used as a baseline with which to compare future
observations and determine trends, it is important to determine if the observations were made
under what may be called “mean conditions.”

The winter cruise was not made during mean conditions. The mean winter temperature for
the inshore waters off Savannah is 14°C and the standard deviation is 1°C (Atkinson, 1978);
clearly, the observed temperatures of 9°C during the winter 1977 SABP sampling fell well below
the mean minus the standard deviation. It is certain, then, that the data from the first cruise
were collected during an abnormally cold winter and should not be construed as being normal, at
least in the oceanographic sense. The other cruises appeared to be normal, at least with respect
to surface temperatures (Atkinson, 1978).

B. GULF STREAM AND FRESHWATER DISTRIBUTIONS

The chemical and biological state of the various parts of the Georgia Bight system is
dependent primarily on the presence, absence, or mixture of runoff and Gulf Stream water.
Runoff carries the soluble and suspended load from the continent to the shelf waters. The Gulf
Stream either contributes surface water, which carries essentially no suspended material and no
nutrients, or deeper water, which has high nutrient concentrations and forms the significant
source of ‘““new nutrients” for the region. The presence of these waters also implies a degree of
vertical stability, since the runoff-influenced shelf waters are of lower salinity, resulting in a
halocline, and the subsurface Gulf Stream waters are colder, resulting in a thermocline. Figures
3.2-39 through 3.2-42 illustrate the distribution of these two water types. The distribution of
fresh water was determined by the position of the 35.5 /oo isohaline; the shelf waters would
have approximately that salinity if no runoff were present. The distribution of subsurface
intrusions of Gulf Stream water was determined by the position of the 1 ug-at/l nitrate isopleth
when intrusions are not present. An exception to these criteria was used for the summer cruise:
the 23°C isotherm was used instead of nitrate data.

During the year, the extent of penetrations into the shelf varies considerably. The fresh-
water distribution, of course, is primarily dependent on the runoff rates. Maximum offshore
penetration was seen during winter and spring. Subsurface Gulf Stream intrusions—which are
controlled by a variety of forces including wind, shelf-water densities, and Gulf Stream
dynamics—occurred to some degree throughout the year.
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Figure 3.2-39. Approximate Offshore Extent of Freshwater Runoff (Solid Line) and Onshore
Extent of Subsurface Gulf Stream Intrusions (Dashed Line), Winter 1977
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Figure 3.2-40. Approximate Offshore Extent of Freshwater Runoff (Solid Line) and
Onshore Extent of Subsurface Gulf Stream Intrusion (Dashed Line), Spring 1977
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Figure 3.241. Approximate Offshore Extent of Freshwater Runoff (Solid Line) and Onshore
Extent of Subsurface Gulf Stream Intrusion (Dashed Line), Summer 1977
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Figure 3.242. Approximate Offshore Extent of Freshwater Runoff (Solid Line), Fall 1977
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C. SEASONAL DIFFERENCES

The hydrographic, nutrient, carbon, and chlorophyll data collected on the four cruises
characterize well the oceanic environment that existed on the South Atlantic continental shelf at
the time of the quarterly cruises. The seasonal differences were strong on the shelf, so the entire
suite of data is best discussed chronologically. The dominance of the seasonal signal in the inner
and middle shelf of the Georgia Bight is, in itself, an important finding.

1. Winter

The absence of persistent warming in the midshelf bottom waters off Georgia may reflect,
in part, weaker alongshore advective transport that gives the midshelf bottom water a longer
residence time to give up its heat and come into closer temperature equilibrium with the
atmosphere. Also, the cooling of the bottom inner shelf and midshelf during the abnormally cold
winter of 1977 would have a large effect on the hard-bottom animals with tropical affinities. An
impressive amount of inorganic nutrients was present in the surface waters during the benthic
sampling leg of the winter cruise; nitrate concentrations were >1 ug-at/1 at stations 1D, 2E, 3D,
4G, and SI. The results indicate a very narrow band of upwelling or intense mixing in the
northern region at midshelf and at the shelf break on transects 4 and 5. This phenomenon was
not observed on the water-column leg of the winter cruise: the only nitrate value exceeding
1 pug-at/l at the surface was at station 2E. Nutrient injection and uptake events occur over
several days, and only time-series observations can resolve these short-lived events.

Chlorophyll concentrations were high during the winter in a pattern very similar to that of
the high nitrate concentrations. Of the stations sampled on the water-column leg, only 5A and
5B were not in the midshelf region. Of the 10 midshelf stations, seven nad chlorophyll
concentrations exceeding 2 ug/l. While these data suggest that the entire shelf was undergoing a
bloom, the much better onshore/offshore coverage of the 50 stations of the benthic leg showed
that the bloom was actually quite narrow (although very long and persisting for at least 1 to 2
weeks).

2.  Spring

During spring sampling, the entire shelf region had uniformly warmed to between 20° and
22°C. The strong inner-shelf cooling and offshore warming pattern was not present. Nutrients in
the surface waters were uniformly low at this time; 4E on both legs had the only value
exceeding 1 upg-at/l. The only surface chlorophyll concentration that was >2 ug/l was at the
extreme inner station, SA. It is clear that the nutrient-depleted, oligotrophic character of the
shelf had been reestablished after the strong winter mixing.

3.  Summer

During the summer cruise, some vertical temperature stratification was evident throughout
the mid- and outer shelves. Most surface temperatures were between 27° and 28°C; bottom
temperatures were slightly lower. The summer nitrate data remain suspect because of an error
that cannot be corrected with absolute confidence in the results.
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The chlorophyll pattern gives good insight into the dynamics of this region. Stations
1A, 4A, 5A, and 6A had chlorophyll concentrations exceeding 2 ug/l; 6E was the only other
station having a concentration this high. The high chlorophyll concentrations in the summer
period were associated with lowered salinities. It is clear that the shallow, well mixed, inner-shelf
zone is quite distinct from the remainder of the shelf. Bottom regeneration of nutrients and
thorough mixing must contribute to this enrichment, although the SABP data emphasize that
runoff from land is a major factor in the enrichment of the inner zone only. The carbon:
chlorophyll ratio at the inner-shelf stations indicates that the organic enrichment results mainly
from in situ phytoplankton growth and not from the export of organic detritus from the
estuaries.

4. Fall

The vertical temperature stratification was weaker during fall, and differences were <1°C
from surface to bottom. The entire shelf had cooled from summer temperatures of
approximately 27° to 28°C.

Nutrients were very low throughout the entire shelf. Surface nitrate concentrations were
<1 pg-at/l, and bottom concentrations from below 100 m were <l pg-at/l with one exception:
station 7D had a concentration of 1.02 ug-at/l at 44 m-—the sole place in the entire Georgia
Bight where a significant quantity of new nutrient was being supplied to the upper 100 m during
fall. The nutrient depletion of the surface waters remains the dominant factor determining the
biological character of the region.

Concentrations of chlorophyll exceeding 2 ug/l were present only at stations 5A, 5B, and
6B. The inner-shelf bloom apparently persists throughout the year.

SABP data indicated that the gradient between the inner zone and midshelf is quite close
inshore during certain periods. Station 5B (10 m) sometimes had midshelf conditions and
sometimes was enriched like station SA (8 m), emphasizing that two different oceanographic
regimes can exist over a short depth range. It is clear that the sampling plan used in this study
revealed well the midshelf and outer-shelf conditions but not the inner-shelf conditions. Only one
station, 5A, was consistently in the enriched, biologically active inner shelf. A single station in
this zone cannot possibly describe the gradients or ranges that prevail there.

D. SEASONAL RANGES

Table 3.2-8 summarizes the observed 1977 seasonal range by nearshore, midshelf, and
outer-shelf stations. Nearshore surface and bottom temperatures and salinities exhibited the
widest seasonal ranges. The widest seasonal range for nutrients was at the outer-shelf stations.
For chlorophylla, the widest seasonal ranges were in the midshelf area. The particulate organic
carbon seasonal range did not exhibit a characteristic areal preference, but ranged from 90 to
160 ug C/1 for the entire area, with a suggestion of the widest range in nearshore surface waters.
The nearshore sector had the widest dissolved-oxygen seasonal ranges, undoubtedly a reflection
of the wide range in temperatures also observed there. However, the outer-shelf near-bottom
values also were high, indicative of water-mass differences and not temperature differences.

72 Equipment Group



-~

£l

dnoug juswdinby

Stations

Near shore (A, B)
Near shore (A, B)
Midshelf (C, D, E)
Midshelf (C, D, E)

Depth
Surface
Bottom
Surface

Bottom

Outer shelf (F,G, H,I) Surface

Outer shelf (F,G,H,I) Bottom

aSuspect

Temperature
()

4.7-28.3

4.6—-29.0
10.5-27.8
11.0-28.5
17.5-27.0
4.6-21.0

Table 3.2-8. Seasonal Ranges, All Transects

Salinity
(®/o0)
29.65-36.25
30.20-36.30
34.05-36.45
34.25-36.45
36.20-37.00
35.05-37.17

Silicate
(ug at/)

0.30-9.65
0.30-9.41
0.20-3.19
0.20-9.41
0.42-20.0
7.50-22.6

Nitrate
(ug at/l)
00.00—00.54
00.00-00.61
00.00—0.39
00.00-5.40
00.00-17.0
13.9-46.63

Phosphate
(ug at/l)

0.00-0.78
0.00-0.61
0.00-0.55
0.00-0.39
0.00-0.94
0.08--2.84

Chlorophyll a
(ug/D

2.73-4.99
3.35-6.05
0.07-4.87
0.18-6.83
0.27-2.96
0.04-1.11

Particulate
Organic Carbon
ugC/h

92-254
121-226
23-117
33-152
37-117
64-090

Dissolved
Oxygen
(ug/D

6.4-11.8
6.2-11.8
6.1-10.3
6.1-10.3
54-8.3
2.8-1.7
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SECTION 5§
CONCLUSIONS

From the foregoing discussion, it is clear that the original objective of this aspect of the
1977 SABP has been adequately fulfilled. With the exception of few anomalies, the data set
presents a coherent picture of the water mass and oceanographic features of the study area.

The seasonal influence on temperature and salinity distributions in the study area has been
graphically and dramatically demonstrated. The winter of 1977 was atypical, but the three
seasons that followed fell into the boundaries of what has been previously reported for this
region.

The high-nitrate bottom waters off the shelf break down onto the continental slope were
expected. Their seasonal presence indicates that they are sometimes supplied by Gulf Stream
intrusions. This is the only significant source of new nutrients to the shelf.

The nearshore zone of high productivity is extremely narrow and acts as a filter for
nutrients supplied to the area by river runoff. The nutrients are rapidly depleted from the water,
even though the influence of fresh water is farther onto the shelf.

Lower surface temperatures and higher nutrient and chlorophyll values identified a
persistent upwelling feature. This appeared to be an established feature along transect 7 around
the midshelf stations and should be reflected by higher productivity and sediment organic
material than at surrounding stations not influenced by it.

The time-series cruise during the summer did not reveal an intrusion of the Gulf Stream
onto the shelf.

Emerging from the results of the hydrographic, nutrient, chlorophyll, and organic carbon
data analysis are the following recommendations:

® Use XBTs (expendable bathythermographs) as backup to the CTD.

®  Run the time series more opportunistically; i.e., seek the area in which the process of
interest is at work.

®  Use less sparse station spacing for the water-column leg.
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CHAPTER 3

HYDROCARBONS IN WATER, SEDIMENT, ZOOPLANKTON, BENTHIC FAUNA,
AND DEMERSAL FISHES OF SOUTH ATLANTIC/GEORGIA BIGHT

by
Richard F. Lee
Skidaway Institute of Oceanography
Savannah, Georgia
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ABSTRACT

This is a report of a 1-year study of the hydrocarbons in surface film,
water, zooplankton, benthic macrofauna, and sediments of the South
Atlantic outer continental shelf.

Biogenic hydrocarbons, including n-alkanes and polyolefinic hydro-
carbons, were the primary components in almost all samples from the
study area (frontispiece). The major saturated hydrocarbons were: C,,
surface film; C,s, dissolved in water; C,,, particulates in water; pristane,
zooplankton; C,,, sediment; and pristane, benthic macrofauna. Important
hydrocarbons in the unsaturated/aromatic fraction were squalene and the
polyunsaturated olefin 21:6. Hydrocarbon concentrations in the sediment
averaged 0.6 ug/g, and most samples were in the 0.1- to 1.0-ug/g range.
One station off Daytona Beach, Florida, had very high concentrations of
biogenic hydrocarbons in the sediment, which were correlated with high
organic carbon and a high silt/clay content. Small amounts of aromatic
hydrocarbons, including biphenyl, phenanthrene, naphthalene, and pyrene,
were detected in some sediment samples. Water and biological samples
generally showed an absence or only traces of aromatic hydrocarbons.
Unresolved complex mixtures were not observed in hydrocarbons from
most samples. Particulate and dissolved hydrocarbons averaged 0.4 ug/l
and 0.5 pg/l, respectively, with highest concentrations occurring in the
spring. Hydrocarbon concentrations during some seasons correlated with
chlorophyll. Hydrocarbon concentrations in fish varied from 75 ug/g for
the offshore lizard fish Synodus poeyi to 8 ug/g for the sand perch
Diplectrum formosum. In benthic macrofauna, pristane, C;;, and Cs
were the major saturated components of the saturated hydrocarbons and
squalene the major component of the unsaturated/aromatic fraction.

In summary, most of the water, sediment, and biota samples of the
South Atlantic OCS area appeared to contain little or no petroleum
hydrocarbons.
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SECTION 1
INTRODUCTION

This chapter reports on the distribution of hydrocarbons in the outer continental shelf area
off the southeastern United States. This region (Figure 3.1-3), which was studied in 1977 under
the South Atlantic Benchmark Program (SABP), is a potential oil and gas production area, so it
was necessary to determine the extent of hydrocarbons in water, sediment, and biota before
development for use as a guide to subsequent leasing and assessment of environmental impact. In
addition to determining concentrations and types of hydrocarbons in water, sediment, and biota,
an attempt was made to correlate the hydrocarbon concentrations with several biological,
chemical, and physical parameters. Where available, hydrocarbon concentrations in samples from
the South Atlantic area were compared with those from other OCS study areas.

Hydrocarbons in the marine environment are derived from a variety of sources, both
anthropogenic and natural. Some of the thousands of hydrocarbons found in fossil fuels are
similar to those biosynthesized by marine plants and animals, the so-called biogenic hydro-
carbons. Distinguishing between anthropogenic hydrocarbons and biogenic hydrocarbons when
both are at very low levels remains a difficult analytical problem that is addressed throughout
this chapter.

Only a few determinations have been made of hydrocarbons in offshore waters and
sediments of the area between Cape Hatteras and Cape Canaveral. The National Academy of
Sciences (1975), in reporting data on hydrocarbons in the water column, showed no collections
from this region. Swinnerton and Lamontagne (1974) reported concentrations of low molecular
weight hydrocarbons in ocean waters off the southeastern United States; concentrations (in nl/1)
averaged 45 for methane, 1.0 for ethane, 4.7 for ethylene, 0.1 for propane, and 0.5 for
propylene. Brown and Huffman (1976) reported hydrocarbon concentrations in surface waters of
this region ranging from 5 to 17 wg/l and in near-surface samples ranging from 1 to 3 ug/l.
Paraffinic hydrocarbons comprised most of the hydrocarbon fraction with less than 20% aroma-
tics. Levy (1977), reporting on tar distribution in the Atlantic off the southeastern United
States, found tar concentrations of 0.1 to 0.01 mg/m? on the surface; he suggested that the
source of this tar was oil being lost by tankers going from Venezuela and the Middle East to
North America and Europe and its subsequent transport into the Gulf Stream and, consequently,
into the waters of the continental shelf.

In continental slope and continental shelf areas, hydrocarbon concentration in the sediment
generally is in the range of 1 to 100 pg/g (Farrington and Meyers, 1975); concentrations in
inshore areas are generally much higher. Farrington and Tripp (1977) reported on the hydro-
carbon analysis of sediments from 31°N: the concentration of hydrocarbon was 1.2 ug/g with no
aromatics detected; the concentration was 5.1 X 103 ug/g for n-C,, and 32 X 1073 ug/g for
n-C,. Pyrene and fluoranthene have been isolated from manganese nodules collected on Blake
Plateau (30°N, 78°W; Thomas and Blumer, 1964).
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There have also been a few preliminary studies of plankton off the southeast coast of the
United States (Lee, unpublished data) in which the major hydrocarbon in the phytoplankton was
found to be the polyunsaturated olefin, 21:6, identified in a number of phytoplankton species
(Blumer et al.,, 1971; Lee and Loeblich, 1971); pristane was the major hydrocarbon in the
copepod Eucalanus sp., which is a common zooplankter in these southeastern offshore waters,
and there was only a trace of the polyunsaturated 21:6 hydrocarbon (Lee, unpublished data).
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SECTION 2
METHODS AND MATERIALS

The SABP area of study was 20 to 150 km from the coast and included the marine waters
between Cape Hatteras and Cape Canaveral. There were from six to nine sampling stations,
inshore to offshore, on each of seven transects. (The study area is described in more detail in
Chapter 1 of this report.)

Surface-film hydrocarbons were collected with a Teflon disk sampling device. A Bodman
sampler collected 90 | of near-surface (1 m) and near-bottom waters. The water was filtered
through glass-fiber filters. Hydrocarbons extracted from the filters are referred to as particulate
hydrocarbons; hydrocarbons extracted from water passing through the filter are referred to as
dissolved hydrocarbons.

Zooplankton samples were collected with bongo frames fitted with either 202-um or
505-um mesh Nitex nets towed obliquely from near bottom to near surface. Subsamples were
taken from these two nets and frozen until analyzed for hydrocarbons.

Bottom sediments were collected with a stainless-steel box corer and subcores taken for
hydrocarbon analysis. Trawls and dredges were used to collect macroepifauna and demersal
fishes.

Further details on the methods of collection and the materials used in analyzing
hydrocarbons in the samples are presented in Volume 2 and in Appendix 3.3 of Volume 6. The
analytical methods involved extraction, saponification, silica-gel chromatography, high-pressure
liquid chromatography (HPLC), and gas-liquid chromatography using high-resolution glass
capillary column techniques. From each sample, two fractions were obtained: a saturated
hydrocarbon fraction eluted with petroleum ether from silica gel (referred to as fraction 1, or
F1); and an unsaturated aromatic fraction eluted with 50% benzene in petroleum ether from
silica gel (referred to as fraction 2, or F2). These fractions were separately analyzed. Aliphatic
and aromatic hydrocarbons having retention indices in the range of 1,400 to 3,200 were
determined. Approximately 8% of the samples were analyzed by gas-liquid chromatography
coupled with mass spectrometry. Characteristic mass spectra and retention index data were
accumulated for the resolved hydrocarbon components.

Acceptable process blanks were obtained in nearly all cases. Trace amounts of organics were
frequently present but were not sufficient to interfere with the interpretation of the data from
the actual samples. Gas-liquid chromatograms of the representative process blanks that were run
with water, sediment, and biota samples appear in Volume 6 (Appendix 3.3I). Recovery of
hydrocarbon standard from spiked samples (Table 3.3-1) was generally >70% and, therefore,
quite acceptable. ‘ '

Recoveries and recovery distribution for the HPLC step in the analytical method are given
in Table 3.3-2 for 25 different compounds tested. The average recovery for all compounds was
88% through this step. As can be seen from data in these two tables, given a BLM performance
criterion of >70% recovery, this requirement was generally met for fraction 1 (saturated)
hydrocarbons when extracted from zooplankton, water, and sediment; marginally met for
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particulates; and extremely difficult to meet for macrofauna samples. For fraction 2 (aromatic)
hydrocarbons generally acceptable recoveries were usually obtained. Amounts of total resolvable
components generally found by gas-liquid chromatography for different samples and the usual
detection limits for an individual component are given in Table 3.3-3.

Fraction

Table 3.3-1, Recovery of Hydrocarbons From Spiked Samples

Component

n-C,,

nC,,
Pristane
Phytane
Androstane
n-C,, .
nC,,

n-C,,

n-C,,
Cholestane
nC,,

n-C,,

1,3~Dimethylnaphthalene
9,10—Dihydrophenanthrene
Phenanthrene

Pyrene

AData given as mean +1 standard deviation

Zooplankton

73 £12
89 19
83 £2

78 19
86 22
85 +20
85 +19
76 £23
76 +25
76 £21
79 £23
76 +23

68 +33
76 +43
82 245
60 +40

Percent Recovery for Type of Sample 2

Water

78 +4
79 8
79 £11
84 15
83 £10
82 3
80 2
89 16
83 3
83 2
90 13
81 13

58 +0
78 +10
75 +10
71 :14

Particulate

65 30
71 +36
71 31
74 136
73 £31
70 £36
66 +31
75 £2

61 29

62 25
62 +22
57 10

55 14
68 10
80 +17
75 £16

Sediment

89 +28
79 30
93 +26
94 +17
83 30
103 35
78 +25
76 +14
56 £24
67 +19
64 +23
62 122

79 £22
83 15
102 +17
81 12

Macrofauna

58 +22
51 +24
69 +29
56 +26
65 +22
59 £25
60 +24
63 30
52 125
55 :19
66 23
57 £17

90 38
90 +41
88 +38
69 ¢34
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Table 3.3-2. Recovery of Hydrocarbons From u-Styragel HPLC Column

Compound

C32
Cso
Cis
Cholestane

Cie
CI H
Androstane

3, 6-Dimethylphenanthrene

Pyrene
Phenanthrene

9, 10-Dihydrophenanthrene

Fluorene
Acenaphthene

1, 3-Dimethyinaphthalene

3petermined on an SE-30 column

Retention
Index?

3200
3000
2800
2834
2600
2200
2100
2000
1989
1900
1913
1800
1790
1710
1700
1600
1500
1993
1986
2091
1756
1664
1561
1460
1404

Table 3.3-3. Detection Levels

Type of Sample

Water, surface film

(mg/m?)

Water, dissolved (ug/l)
Water, particulates (ug/l)

Sediment (ug/g)
Macrofauna (ug/g)
Zooplankton (ug/g)

% Recovery in Given Fraction

37 45

82
10
95
74
76
77
105
70
72
62
62
66
55

Concentration of Total
Resolvable Hydrocarbons

0.05 to 1.0
0.2t01.0
0.1t0 1.0
0.1 to 1.0
5 to 100
50 to 500

3

91

10
10
10
41
88
76

4 5

100

96 3
112

100

86

77

56

50

6 Total

82
86
82
101
95
74
76
77
105
70
76
72
72
76
96
94
76
100
99
112
100
86
77

Average 88

Detection
Limit

0.0001
0.002
0.002
0.001
0.02
0.1
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SECTION 3
RESULTS

A. SURFACE-FILM HYDROCARBONS

Surface-film samples collected during the winter cruise showed high concentrations of
hydrocarbons with patterns similar to the oil of the ship. Subsequent cruises were in calmer
weather and more precautions were taken to prevent contamination. Table 3.3-4 summarizes the
surface-film data collected in summer and spring.

Figure 3.3-1 shows the gas-liquid chromatograms for hydrocarbons from a summer
surface-film sample (653) collected at station SB. Generally, there was a smooth distribution of
n-alkanes in F1, with a maximum at C,, and an odd:even ratio close to unity. Pristane and
phytane were minor components except at station 6D in the spring. Some samples showed only
minor amounts of unresolved components. The F2 hydrocarbons (Section 2 of this chapter)
generally had <10% of the total hydrocarbon. The n-alkane series C,3 to Cyg in the surface-film
hydrocarbons had an odd:even ratio of approximately 1.5, suggesting some terrestrial input since
longer-chain alkanes are important in the waxes of land plants.

B. PARTICULATE HYDROCARBONS IN WATER

Except at station 7D, total hydrocarbon concentrations for particulates during winter,
spring, summer, and fall averaged 0.5, 0.7, 0.2, and 0.1 ug/l, respectively, in near-bottom waters
and 0.4, 0.8, 0.3, and 0.1 pug/l, respectively, in near-surface waters (Table 3.3-5). Thus,
concentrations of particulate hydrocarbons were higher in winter and spring than in summer and
fall. The peak in spring samples may be of some significance.

The concentration of dissolved and particulate hydrocarbons in summer samples is shown in
Figure 3.3-2. Gas-liquid chromatographs of almost all samples showed an absence or only a trace
of an unresolved complex mixture.

Figure 3.3-3 is a typical gas-liquid chromatogram for particulate hydrocarbons
(near-surface/near-bottom sample 670). In the saturated hydrocarbon fraction there are two
series of peaks, one having a maximum at the C,; alkane and the second having a maximum at
the C,; alkane. The hydrocarbons of F2 were resolved and showed little or no unresolved
complex mixture; aromatic hydrocarbons were generally absent or in trace amounts in this
fraction. In some samples, aromatic hydrocarbons included biphenyl, fluorene, and pyrene (Table
3.3-6). Biogenic olefinic hydrocarbons (e.g., the polyunsaturated 21:6 hydrocarbon and squalene)
were the major components of F2.

The concentrations of near-surface particulate hydrocarbons at station 7D were 36.9, 0.2,
1.5, and 0.1 ug/l for winter, spring, summer, and fall samples, respectively. The winter samples at
7D appeared to be grossly contaminated and showed a high content of plasticizers, silicones, and
petroleum. These industrial compounds may have leached from O-rings, etc., during the initial
filling of the sampler.
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Figure 3.3-1. Gas Chromatograms of Surface-Film Sample 653, Fractions 1 (Top) and 2 (Bottom), Station 5B,
Summer 1977
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Table 3.3-4. Surface-Film Hydrocarbons

Concentration (mg/m?)

Season Station F1 F2 Phytane Pristane C,s C,, C,

Spring 2E 0.17 0.01 0.004 0.002 - 0.004 0.013
4E 0.28 0.01 0.007 0.003 - 0.00s 0.017
5G 0.23 0.01 - 0.004 - 0.008 0.025
6D 0.33 0.01 0.008 0.015 - 0.010 0.040
7D 0.66 0.04 0.018 0.009 - - -

Summer 2E 0.13 0.09 0.001 0.001 0.001 0.002 0.004
4E 0.15 0.02 0.001 0.001 0.001 0.002 0.005
5B 0.23 0.06 0.002 0.001 0.001 0.002 0.006
6D 0.34 0.04 0.001 0.001 0.001 0.002 0.007
D 0.52 0.24 0.001 0.001 0.001 0.002 0.006

Table 3.3-5. Hydrocarbons in Water
Concentration (ug/l)

Sample
Season Type Station Depth? F1 F2 Pristane C,, C,,
Winter Dissolved 1D B 1.20 0.42 0.009 0.018 0.02
1D S 0.68 0.80 0.011 0.017 0.03
2E B 0.30 0.06 0.008 0.020 0.03
2E S 0.30 0.08 0.003 0.010 0.01
3D B 0.31 0.12 0.004 0.010 0.01
D S 0.17 0.09 0.006 0.020 0.02
4D B 0.25 0.09 0.003 0.010 0.02
4D S 0.40 0.03 0.007 0.010 0.01
SE B 0.15 0.25 0.003 <0.002 0.01
SE S 0.24 0.03 0.003 0.01 0.01
6D B 0.26 0.31 0.006 0.012 0.01
6D S 0.18 0.02 0.003 0.008 0.01
7D B 6.4 0.34 0.23 0.03 0.03
7D S 7.5 15.0 0.02 0.48 0.39
Particulate 1D B 0.13 0.25 0.005 0.007 0.005
1D S 0.06 0.21 0.003 0.008 0.004
2E B 0.05 0.35 0.006 0.006 0.004
2E S 0.07 0.22 0.006 0.011 0.007
3D B 0.06 0.11 0.006 0.014 0.01
3D S 0.03 0.26 0.004 0.005 0.006
4D B 0.16 0.17 0.010 0.028 0.01
4D S 0.03 0.10 0.003 0.008 -
SE B 0.04 0.12 0.005 0.005 0.005
SE S 0.70 0.28 0.026 0.044 0.03
6D B 0.05 1.30 0.009 0.009 0.007
6D S 0.20 0.24 0.021 0.030 0.02
7D B 0.37 0.24 0.006 0.010 0.001
7D S 2.92 34.0 0.010 0.024 0.02

3B = near bottom; S = near surface
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Table 3.3-5. Hydrocarbons in Water (Continued)

Sample
Season Type Station

Spring Dissolved 1D
iD

2E
2E

3D
3D

4D
4D

SE
SE

6D
6D

7D
7D

Particulate 1D
1D

2E
2E

3D
3D

4D
4D

SE
SE

6D
6D

D
7D

Summer Dissolved 1D
1D

2E
2E

3D
3D

4D
4D

SE
SE

6D
6D

D
7D

Particulate 1D
1D

2E
2E

3D
3D

3B = near bottom; S = near surface

Depth®

Nw Lw Lo o W Lo o o Ww Uw o Ww Lo Lw Lo U U Mg Lo L O Lo Ow »w

Concentration (ug/l)

F1

0.26
0.29

0.21
0.18

0.19
0.24

0.73
0.15

0.21
0.18

0.19
0.37

0.21
0.18

0.26
1.00

042
0.09

143
0.08

0.54
141

0.21
0.13

0.20
0.87

0.63
0.10

0.11
0.14

0.19
0.17

0.04
0.17

0.23
0.08

0.16
0.29

0.12
0.27

0.10
0.92

0.12
0.01

0.06
0.08

0.03
0.10

F2

0.36
0.16

0.18
0.16

0.17
0.12

0.20
0.34

0.18
0.40

0.80
0.24

0.09
0.11

0.2s
0.13

0.03
0.009

0.31
0.16
0.09
0.68
0.15
0.04
0.04 .
0.58
0.66
0.13

0.14
0.11

0.13
0.10

041
0.22

0.11
0.24

0.03
0.25

0.12
0.19

0.15
2.85

0.09
0.07

0.08
0.04

0.09
0.05

Prigtane
0.002
0.004

0.006
0.005

0.004
0.006

0.005
0.005

0.00s
0.005

0.002
0.004

0.005
0.004

0.016
0.031

0.01
0.008

Ci
0.004
0.008

0.008
0.007

0.007
0.008

0.009
0.009

0.008
0.007

0.004
0.010

0.007
0.007

0.019
0.033

0.01
0.007

0.028

0.015
0.117

0.008
0.005

0.008
0.056

0.025
0.007

0.003
0.004

0.009
0.004

0.003

0.044
0.001

0.005
0.009
0.004
0.002
0.035
0.003
0.006

0.028
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Sample

Season Type Station

Summer Particulate
(cont) (cont)

Fall Dissolved

Particulate

3B = near bottom; S = near surface

. Table 3.3-5. Hydrocarbons in Water (Continued)

4D
4D
SE
SE
6D
6D

D
7D

1D
1D
2E
2E
D
3D

4D
4D
SE
SE

6D
6D

D
D

1D
1D
2E
2E
3D
k1))
4D
4D
S5E
SE
6D
6D

7D
D

Depth®

L w g Lpw o Ve L e w L LV VW g L Ly Lo o Lw

Concentration (ug/l)

F1

0.01
0.07

0.03
0.08

0.08
0.02

0.09
0.51

0.09
0.09

0.11
0.09

0.06
0.11

0.17
0.76

0.15
0.12

0.07
0.09
0.27
0.21

0.04
0.03

0.02
0.01

0.03
0.01

0.09
0.04

0.02
0.18

0.11
0.04

0.05
0.05

F2

0.03
0.02

0.13
0.07

0.14
0.03
0.04
1.03

0.18
0.19

0.07
0.14

0.05
0.03

0.07
11.6

0.62
0.12

0.08
0.25
0.58
4.90

0.01
0.03

0.03
0.11

0.03
0.02

0.19
0.02

0.01
0.01

0.04
0.01

0.01
0.03

Pristane

0.002
0.001

0.003
0.001

0.002

0.002
0.001

0.002
0.002

0.003
0.003

0.014

0.002
0.002

©0.001
0.002

0.007
0.002

0.001
0.001

0.002
0.005

0.007
0.004

0.002
0.003

0.004
0.004

0.001
0.001

CI" CIS
0.004 0.002
0.002 -
0.005 -
0.007 0.002
0.002 0.001
0.014 0.001
0.003 0.016
0.002 0.016
0.002 0.020
0.003 0.027
0.002 0.010
0.002 0.015
0.001 0.011
0.028 0.176
0.003 0.018
0.002 0.020
0.002 0.008
0.002 0.011
0.009 0.038
0.004 0.020
0.003 -
0.002 -
0.006 0.001
0.002 -
0.006 0.003
0.003 -
0.008 -
0.004 0.004
0.001 -
0.002 0.003
0.003 0.011
0.004 0.003
0.003 0.002
0.004 0.001
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Retention
Index

1170
1346
1347
1400
1450
1500
1522
1550
1550
1600
1610
1664
1690
1695
1700
1743
1860
1870
1880
1880
1968
2013
2072
2171
2180
2329
2374
2415
2479
2499
2512
2518
2533
2624
2737
2780
2781
2808
2824
2921
3068

Molecular
Weight

128
154
168
220
170
166
188
182
184
180
222
196
178

Table 3.3-6. Aromatic Hydrocarbons and Miscellaneous Chemicals
Found in Fraction 2 by GC-MS Analysis

Tentative
Identification

Naphthalene

Silicone

Biphenyl
Methylbiphenyl
Di-t-butylcresol
Trimethylnaphthalene
Silicone

Fluorene
Chlorobiphenyl
Diphenylethane
Tetramethylnaphthalene
Methylfluorene
Dichlorobiphenyl
Silicone
Trimethylbiphenyl
Phenanthrene

Silicone

Silicone
Methylphenanthrene
1,1-bis (ethylphenyl)ethane
Dimethylphenanthrene
Silicone

Pyrene

Silicone

Silicone

Silicone
Dioctyladipate
Chrysene

Silicone
Dioctylphthalate
Silicone

Silicone

Perylene

Silicone

Squalene

Silicone

Silicone

Silicone

Major Characteristic
Ions m/e (Relative Intensity)
128(100), 127(12), 41(12), 102(11)
341(100), 73(57), 342(35), 325(28)
154(100), 153(42), 152(30), 155(14)
168(100), 167(92), 165(40), 91(39)
205(100), 220(25), 206(18), 177(15)
155(100), 170(85), 159(32), 169(29)
281(100), 73(65), 147(46), 327(28)
165(100), 166(99), 82(40), 163(23)
188(100), 152(50), 190(32), 153(24)
91(100), 65(19), 92(7), S1(5)
169(100), 184(87), 154(36), 170(32)
180(100), 179(85), 89(63), 178(58)
222(100), 224(70), 152(56), 155(17)
73(100), 355(68), 221(61), 281(57)
181(100), 196(60), 166(42), 167(38)
178(100), 176(20), 151(17), 179(16)
73(100), 147(48), 221(45), 281(25)
327(100), 156(62), 253(32), 249(30)
192(100), 191(64), 189(35), 91(27)
223(100), 238(43), 224(20), 181(20)
206(100), 191(71), 189(42), 190(29)
73(100), 148(52), 281(42), 135(39)
202(100), 200(28), 100(22), 101(18)
73(100), 221(68), 281(67), 147(65)
135(100‘), 197(35), 73(29), 136(15)
73(100), 221(76), 147(68), 281(57)
129(100), 57(35), 70(23), 55(23)
228(100), 114(70), 229(63), 112(62)
73(100), 221(83), 281(81), 147(68)
91(100), 207(75), 129(65), 206(40)
149(100), 69(68), 167(41), 41(31)
91(100), 207(73), 129(67), 206(38)
91(100), 207(80), 129(71), 206(40)
73(100), 221(95), 147(75), 281(68)
73(100), 221(87), 147(66), 281(57)
252(100), 207(56), 45(43), 130(40)
73(100), 147(38), 221(32), 207(14)
69(100), 81(48), 41(17), 68(17)
197(100), 135(50), 259(30), 198(20)
73(100), 147¢47), 221(16), 207(11)
73(100), 147(40), 221(9), 74(8)

39 = not found; + = low levels; ++ = relatively high levels.

Occurrence in Sample Typea

Mac.

+
+
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
0
0
0
0
+
0
0
0

Zoo. Sed. Wat. Part.

++ 0

1+

OOOIO*’OOOI'{-

+
+
+ O 0O O + + 0 4+ 00 0CO 0O + + O 00

ro+F + o000+ + +0 +
+
+ o + +
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Table 3.3-7. Dissolved and Particulate Hydrocarbons Correlated With Chlorophyll 4 and

Organic Carbon (Particulate and Dissolved) in Bottom and Surface Samples

Sample b
Season Depth? Significant Correlations Probability
Winter F1 particulate hydrocarbon versus chlorophyll 0.04
Summer S Particulate pristane versus DOC 0.01
Fall K1 dissolved hydrocarbon versus chlorophyll 0.001
F1 dissolved hydrocarbon versus POC 0.001
Total particulate hydrocarbon versus chlorophyll 0.001
F1 particulate hydrocarbon versus DOC 0.02
Total particulate hydrocarbon versus POC 0.01
Winter B Total dissolved hydrocarbon versus POC 0.01
F1 dissolved hydrocarbon versus POC 0.01
Dissolved pristane versus chlorophyll 0.001
Fall B Total dissolved hydrocarbon versus chlorophyll 0.0001
Total dissolved hydrocarbon versus POC 0.0001
F1 dissolved hydrocarbon versus chlorophyll 0.003

43 = near surface; B = near bottom,
b Let R denote the sample correlation coefficient, and r denote the calculated value
of the sample correlation coefficient. Then

Pr {iRI>1n} = p

can be thought of as a measure of the degree of agreement between the data col-
lected and the hypothesis of no correlation. This measure can take values between
zero and one, with small values of p (generally less than 0.10, 0.05, or 0.01) indi-
cating poor agreement and higher values indicating better agreement. More techni-

cally,
Pr{iRi>in} = p

is the probability, before collection of data, of obtaining a value .of the statistic
R without a sign greater than the observed value of r without a sign, given that
the assumption of no correlation represents the true state of nature.

Table 3.3-7 indicates significant correlations between particulate hydrocarbons and
chlorophyll and organic carbon (particulate and dissolved) in bottom and surface samples.
Correlations omitted from this table because of their lack of significance and the data used for
the correlations appear in Volume 6 (Appendix 3.3A) of this report. Total particulate
hydrocarbons, fraction 1 particulate hydrocarbons, and particulate pristane correlated in some
seasonal samples with chlorophyll, dissolved organic carbon, and particulate organic carbon. Since
significant correlations were not observed in all seasonal samples, the relationships may not be
important. A second explanation for the lack of significance during some seasons may be that
there are different origins for particulate hydrocarbons during different periods (e.g., subsequent
to, during, and after a phytoplankton bloom).

Table 3.3-8 presents significant correlations between particulate hydrocarbons and
zooplankton hydrocarbons. In some seasonal samples, total particulate hydrocarbons and F1
particulate hydrocarbons correlated with total zooplankton hydrocarbons and F1 zooplankton
hydrocarbons. These correlations suggest that some of the particulate hydrocarbons are derived
from zooplankton, possibly through the zooplankton feces.
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Table 3.3-8. Dissolved and Particulate Hydrocarbons Correlated
With Zooplankton Hydrocarbons

Sample Net Size

Season Depth?® (um) Significant Correlations Probability ®
Winter N 202 Total dissolved hydrocarbon versus total zooplankton hydrocarbon 0.02
Winter S 202 Total dissolved hydrocarbon versus F1 of zooplankton hydrocarbon 0,002
Winter S 202 Total dissolved hydrocarbon versus zooplankton pristane 0.002
Winter S 202 F1 dissolved hydrocarbon versus total zooplankton hydrocarbon 0.03
Winter S 202 F1 dissolved hydrocarbon versus F1 zooplankton hydrocarbon 0.01
Winter S 202 F1 dissolved hydrocarbon versus zooplankton pristane 0.003
Winter S 202 Dissolved pristane versus total zooplankton hydrocarbon 0.03
Winter B 202 F1 dissolved hydrocarbon versus F1 zooplankton hydrocarbon 0.04
Winter B 202 Total dissolved hydrocarbon versus total zooplankton hydrocarbon 0,02
Winter B 202 Total dissolved hydrocarbon versus F1 zooplankton hydrocarbon 0.002
Winter B 202 F1 dissolved hydrocarbon versus F1 zooplankton hydrocarbon

Spring B 202 Total dissolved hydrocarbon versus total zooplankton hydrocarbon 0.03
Spring B 202 Total dissolved hydrocarbon versus F1 zooplankton hydrocarbon 0.0001
Spring B 202 F1 dissolved hydrocarbon versus F1 zooplankton hydrocarbon 0.0001
Spring B 202 Dissolved pristane versus zooplankton pristane 0.002
Spring B 202 Total particulate hydrocarbon versus total zooplankton hydrocarbon 0.04
Spring B 202 Total particulate hydrocarbon versus F1 zooplankton hydrocarbon 0.001
Spring B 202 F1 particulate hydrocarbon versus total zooplankton hydrocarbon 0.002
Winter S 202 Total dissolved hydrocarbon versus total zooplankton hydrocarbon 0.001
Winter S 202 Total dissolved hydrocarbon versus F1 zooplankton hydrocarbon 0.004
Winter S 202 F1 dissolved hydrocarbon versus total zooplankton hydrocarbon 0.02
Winter S 202 F1 dissolved hydrocarbon versus total F1 zooplankton hydrocarbon 0,02
Winter S 202 Dissolved pristane versus zooplankton pristane 0.05
Summer S 505 Total dissolved hydrocarbon versus total zooplankton hydrocarbon 0.04
Summer S 505 Total dissolved hydrocarbon versus F1 zooplankton hydrocarbon 0.04
Summer S 505 Total particulate hydrocarbon versus total zooplankton hydrocarbon 0.04
Summer S 505 Total particulate hydrocarbon versus F1 zooplankton hydrocarbon 0.03
Summer S 505 F1 particulate hydrocarbon versus total zooplankton hydrocarbon 0.05
Summer S 505 F1 particulate hydrocarbon versus F1 zooplankton hydrocarbon 0.05
Fall S 505 Total particulate hydrocarbon versus total zooplankton hydrocarbon 0.03
Fall S 505 F1 particulate hydrocarbon versus total zooplankton hydrocarbon 0.001

33 = near surface; B = near bottom
b Let R denote the sample correlation coefficient, and r denote the caiculated value of the sample correlation coefficient. Then
Pr |RI>itfl =p
can be thought of as a measure of the degree of agreement between the data collected and the hypothesis of no correlation. ‘
This measure can take values between zero and one, with small values of p (generally less than 0.10, 0.05, or 0.01) indicating
poor agreement and higher values indicating better agreement. More technically,

Pr IRI>I =p

is the probability, before collection of data, of obtaining a value of the statistic R without a sign greater than the observed
value of r without a sign, given that the assumption of no correlation represents the true state of nature.
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C. DISSOLVED HYDROCARBONS IN WATER

Except at station 7D, concentrations of total dissolved hydrocarbons during winter, spring,
summer, and fall averaged 0.4, 0.4, 0.4, and 0.3 ug/l, respectively, in near-surface waters and 0.5,
0.6, 0.4, and 0.4 ug/l, respectively, in near-bottom waters (Table 3.3-5). At most stations,
concentrations ranged from 0.1 to 1.0 ug/l. A series of n-alkanes from C,; to C,;y was observed
in the saturated hydrocarbon fraction, with C;4 and C,s as the principal components, as shown
in the gas-liquid chromatogram. Figure 3.3-4 (near-bottom sample 032). The ratio of
odd-chain-length:even-chain-length alkanes was generally almost unity.

The gas-liquid chromatograms of the various samples showed well-resolved peaks with little
or no unresolved complex mixtures. Fraction 2 showed biogenic olefins and only traces of
aromatic hydrocarbons, with the exception of station 7D in the winter; the major biogenic
hydrocarbon was squalene, and the aromatic hydrocarbons identified in some samples included
naphthalene, biphenyl, and pyrene (Table 3.3-6). Generally, dissolved hydrocarbon
concentrations were much higher than particulate hydrocarbon concentrations (Figure 3.3-2). In
near-surface waters at station 7D, dissolved hydrocarbon concentrations were 22.5, 0.3, 3.8, and
5.4 ug/l in winter, spring, summer, and fall, respectively; the winter sample was grossly
contaminated, as discussed previously, but the higher concentrations observed in later seasonal
cruises suggest that this station was influenced by primary productivity during other seasons.

In some seasonal samples, total dissolved hydrocarbons, F1 dissolved hydrocarbons, and
dissolved pristane correlated with particulate organic carbon, dissolved organic carbon, and
chlorophyll (Table 3.3-7). Also in some seasonal samples, total dissolved hydrocarbons, F1
dissolved hydrocarbons, and dissolved pristane correlated with total zooplankton hydrocarbons,
F1 zooplankton hydrocarbons, and zooplankton pristane (Table 3.3-8). Phytol, a long-chain
alcohol found in chlorophyll, is converted to pristane during the metabolism of chlorophyll by
zooplankton; this would explain a relationship of pristane to zooplankton hydrocarbons.

D. ZOOPLANKTON HYDROCARBONS

Table 3.3-9 summarizes zooplankton hydrocarbons found in samples from the various
stations. Saturated hydrocarbons in zooplankton collected in 202-um and 505-um nets averaged
181 and 132 ug/g, respectively. Pristane, the major component of the saturated hydrocarbon
fraction, was generally >30% of the total, with the straight-chain alkanes C,s; and C,, being
major components. Figures 3.3-5 and 3.3-6 are gas chromatograms of the hydrocarbons from
zooplankton collected during winter in 202-um and 505-um nets at stations 1D and 2E,
respectively. The F2 hydrocarbons were predominantly squalene and the polyunsaturated 21:6
hydrocarbon.

The averages and ranges of concentrations for zooplankton from all stations in each season
are presented in Table 3.3-10. Summer and fall concentrations were generally an order of
magnitude higher than those in the winter and spring. As already discussed, particulate
hydrocarbons showed a reverse relationship; i.e., highest concentrations in winter and spring.
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Figure 3.34. Gas Chromatogram of Seawater Sample 035, Fraction 1,
Collected at Station 7D, Near Bottom, Winter 1977
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Table 3.3-9. Zooplankton Hydrocarbons

gl:: Concentration (ug/g)
Season (um) Station F1 F2 Pristane C,, C,s
Winter 202 1D 28 110 0.7 0.1 1.0
2E 14 47 5.9 0.1 0.4
4E 9 12 3.9 0.3 0.8
5E 28 120 12,6 0.3 1.3
6D 28 29 14.9 1.2 1.1
7D 175 40 55.1 36.3 9.4
505 ID 14 10 4.6 0.3 2.1
2E 11 22 3.7 0.2 0.9
SE 9 11 4.9 0.3 0.9
6D 14 15 2.8 0.4 0.5
Spring 202 1D 3 65 42.6 0.6 10.0
2E 9 38 7.3 0.3 0.7
4E 34 4s 15.0 - 1.7
SE 39 68 24.5 0.3 2.0
6D 64 - 52.7 0.8 46
7D 23 228 18.1 0.5 2.6
505 1D 55 48 17.7 0.8 14.5
2E 21 12 5.9 0.1 0.9
4E 65 83 29.2 0.4 7.8
SE 51 49 25.0 1.0 2.3
6D 56 161 25.7 2.1 5.7
7D 3 16 1.7 0.1 0.5
Summer 202 1D 173 1.0 46.2 9.1 29.3
2E 65 2.0 214 1.8 8.4
4E 127 1.0 25.1 4.0 12.9
SE 2,538 3.0 69.5 20.8 175
6D 67 0.1 14.4 13.6 5.1
7D 130 1.0 44.4 11.6 1.3
505 1D 147 1.0 30.0 5.1 39.1
2E 99 1.0 13.8 3.2 10.1
4E 554 4.0 55.3 16.4 67.4
SE 145 1.0 38.7 10.0 24.5
6D 286 2.0 34.4 28.5 22.5
7D 942 3.0 56.7 27.3 21.5
Fall 202 1D 98 0.2 60.0 4.9 9.6
2E 150 1.0 322 34 15.5
4E 60 0.2 33.4 1.9 7.8
SE 75 0.2 374 4.1 8.2
6D 73 0.2 36.2 04 13.6
7D 338 2.0 35.2 13.4 11.2
505 1D 67 0.2 34.4 2.2 13.5
2E 7 0.2 32.0 1.8 10.9
4E 411 6.0 26.4 4.0 7.8
SE 63 - 26.7 0.9 12.8
6D 74 2.0 24.5 1.5 6.8
7D 65 0.2 8.0 3.1 8.0
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Figure 3.3-6. Gas Chromatograms of Zooplankton Sample 062, Fractions 1 (Top)
and 2 (Bottom), Collected in 505-um Net at Station 7D, Winter 1977

97 Equipment Group



&

Table 3.3-10. Hydrocarbon Concentrations in Zooplankton Samples

Net Size Concentration (ug/g)
Season (um) F1 Average (Range) F2 Average (Range) Total
Winter 202 47 (9-1175) 60 (12-110)2 107
505 12 9-14) 15 (10-22)2 27
Spring 202 29 (3—64) 89 (38-22)2 118
505 42 (3-65) 62 (12—161)% 104
Summer 202 516 (65-2,538) 1(0.1-3.0) 517
505 362 (99-942) 2(1-4) 364
Fall 202 132 (73-338) 0.6 (0.2-2.0) 133
505 114 (63-411) 1.7 (0.2-6.0) 116

2 F2 data contain a predominance of biogenic olefins masking aromatic compounds.

GC-MS data collected on winter and spring F2 zooplankton hydrocarbon samples showed
major interference by relatively large amounts of biogenic olefins. The biogenic olefins often
overload the glass capillary columns, causing unsatisfactory resolution or obscuring traces of
aromatic hydrocarbons having similar retention times.

The HPLC cleanup step inserted into the analytical method between the analyses of Cruises
2 and 3 samples removed biogenic olefins and produced accurate data on aromatic hydrocarbons
for Cruises 3 and 4. However, F2 hydrocarbon data for Cruises 1 and 2 are prejudiced on the
high side by the presence of nonaromatic biogenic olefins.

To more easily analyze aromatic hydrocarbons, if present, biogenic olefinic hydrocarbons
were removed from summer and fall F2 hydrocarbons by passage through Styragel columns
(Table 3.3-6). The low F2 content of summer and fall samples, relative to winter and spring
samples, indicated that most of the zooplankton F2 was composed of biogenic olefins, although
traces of aromatic hydrocarbons such as phenanthrene were detected in a few samples
(Table 3.3-6).

The concentration of total zooplankton hydrocarbons, F1 hydrocarbons, and pristane
during certain seasons correlated with the abundance of the copepods Paracalanus and
Clausocalanus (Table 3.3-11). Species of Paracalanus were important major zooplankters in
202-um net samples from most stations. Sagitta, decapods, and copepods accounted for >50% of
the zooplankton in 505-um net samples from all stations (often up to 80% at many stations).
The abundance of the decapods and copepods Centropages and Eucalanus correlated with the
concentration of zooplankton pristane.

E. SEDIMENT HYDROCARBONS

Hydrocarbon concentrations were very low in all sediment samples except those from
stations 7D and 7E. The average for all stations for four seasons was 0.6 ug/g and the range was
0.04 to 2.2 ug/g, with most samples being in the 0.1- to 1.0-ug/g range. A summary of the
sediment hydrocarbon data showing the standard deviations for replicate samples is presented in
Table 3.3-12. :
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Table 3.3-11. Relative Abundance of Various Zooplankton Groups
Correlated With Zooplankton Hydrocarbons

Net Size
Season (um) Significant Correlations Probability 2
Winter 202 Paracalanus versus total zooplankton hydrocarbon 0.04
202 Paracalanus versus 1 zooplankton hydrocarbon 0.05
202 Paracalanus versus zooplankton pristane 0.0004
202 Clausocalanus versus total zooplankton hydrocarbon 0.03
202 Clausocalanus versus zooplankton pristane 0.001
202 Clausocalanus versus zooplankton C,, /C, 0.03
Summer 202 Paracalanus versus total zooplankton hydrocarbon 0.04
202 Paracalanus versus F1 zooplankton hydrocarbon 0.04
202 Paracalanus versus zooplankton pristane - 0.02
All 505 Sagitta versus F1 zooplankton hydrocarbon 0.001
seasons 505 Gammaridae versus total zooplankton hydrocarbon 0.002
505 Polychaeta versus zooplankton C,, /C,, 0.002
505 Hydromedusa versus zooplankton C,/C,, 0.04
505 Decapoda versus zooplankton pristane 0.05
505 Copepoda versus zooplankton pristane 0.02
505 Centropages versus zooplankton pristane . 0.001
505 Eucalanus ve rsus zooplankton pristane ' 0.05

Let R denote the sample correlation coefficient, and r denote the calculated value of
the sample correlation coefficient. Then,

Pr{IRI>1ni} = p

can be thought of as a measure of the degree of agreement between the data collected and the
hypothesis of no correlation. This measure can take values between zero and one, with small values
of p (generally less than 0.10, 0.15, or 0.01) indicating poor agreement and higher values indi-
cating better agreement. More technically,

Pr{Ri>in}=p

is the probability before collection of data, if obtaining a value of the statistic R without a sign
greater than the observed value of r without a sign, given that the assumption of no correlation
represents the true state of nature.

The concentrations of saturated hydrocarbons during each of the four seasons along the
different transects are shown in Figure 3.3-7. The major saturated component was generally the
C,; alkane. Other important F1 components were C,g, pristane, and phytane. The average ratio
of odd-numbered alkanes to even-numbered alkanes was 2; the average ratio of pristane to
phytane was 1.5, with many sediment samples having ratios of unity or less. There was little or
no unresolvable complex mixture in most sediment samples.

Figures 3.3-8 through 3.3-14 are representative gas-liquid chromatograms of sediment
hydrocarbons found at stations 2G, SD, 5G, 7D, and 7E. Generally, F2 hydrocarbons were
biogenic olefinic hydrocarbons such as squalene or the polyunsaturated 21:6 hydrocarbon.

Figure 3.3-15 indicates the concentrations of unsaturated/aromatic hydrocarbons (F2)
during each of the four seasons along the different transects. Low levels of aromatic
hydrocarbons could be detected in some sediment samples by gas-liquid chromatography coupled
with mass spectrometry, but the presence of aromatic hydrocarbons could not be determined on
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Season Station

Winter 1B

i1C
2F
5A
5B
5C
Sb
SE
SF
5G
SH
D
7E
7F

Spring 18?

1c?
2B
2F
5B
5C
sD
SE
SF
5G
sH
sl
7B
7C
D
7E
1F

Summer 1B

a

1C
1D
1E
IF
2B2
2C
2D
2E
2F
2G
5B
sc?
5p?
SE?
5F?
sG2
sH?
51
782
7c?
7D?
72

Table 3.3-12. Sediment Hydrocarbons

F1

0.36
042
0.22
1.50
0.31
0.16
0.29
0.15
0.31
0.48
0.35
0.44
0.90
042

0.55 £0.22
0.23 £0.03
0.52
0.27
0.59
1.59
0.36
0.10
0.46
0.15
0.20
1.50
0.09
0.19
7.16
1.44
0.42

0.27
0.11
0.64
0.22
0.15
0.20 £0.15
0.21
0.18
0.11
0.05
0.28
0.44 :0.11
0.37 0.18
0.16 £0.06
0.10 :0.01
0.12 £0.05
0.33£0.12
0.52 +0.34
0.25 :0.23
0.39 £0.32
0.43 :0.16
0.43 £0.33
3.11 £0.90

Concentration (ug/g)

F2

0.21
0.12
0.06
0.94
0.10
0.09
0.60
0.08
0.14
0.12
1.58
0.27
0.86
0.20

0.23 +0.08
0.21 £0.11
0.12
0.14
0.39
0.68
0.49
0.27
0.71
0.15
0.25
0.34
0.23
0.24
0.32
6.77
0.18

0.21
0.07
0.18
0.07
0.10
0.12 x0.06
0.13
0.08
0.08
0.0
0.13
0.14 :0.07
0.18 +0.07
0.12£0.06
0.11 £0.07
0.13 £0.04
0.07 £0.02
0.37 +£0.13
0.45 £0.57
0.19 £0.05
0.45 £0.26
0.19 £0.07
1.28 £0.80

Pristane

0.012
0.006
0.002
0.003
0.006
0.008
0.007
0.004
0.006

0.003
0.009
0.101
0.008

0.005
0.005
0.021
0.008
0.017
0.036
0.021

0.008

0.009
0.008

0.001

0.024

0.002
0.002
0.006
0.008
0.001
0.004
0.011
0.005
0.001
0.001
0.001
0.004
0.007
0.006
0.002
0.002
0.002
0.002
0.003
0.002
0.005
0.002
0.164 £0.24

Phytane

0.016
0.012
0.002
0.003
0.004
0.003
0.005
0.003
0.004

0.002
0.003

0.002

0.038
0.010
0.014
0.007
0.004
0.024
0.011

0.011

0.005
0.011

0.001
0.014
0.007

0.016
0.004
0.007

0.003
0.003
0.005

0.003

0.002
0.002
0.001
0.003
0.002
0.003
0.002
0.002
0.002
0.003
0.003
0.001
0.004

Cl7

0.013
0.014
0.013
0.007
0.009
0.014
0.016
0.010
0.012
0.008
0.005
0.016
0.007
0.013

0.017
0.021
0.023
0.014
0.017
0.051
0.036
0.011
0.014
0.009
0.013
0.013
0.007
0.007
0.010
0.140
0.036

0.016
0.010
0.026
0.026
0.002
0.002
0.025
0.010
0.005
0.007
0.004
0.010
0.019
0.011
0.009
0.006
0.006
0.003
0.004
0.015
0.022
0.011
0.007

Represents calculated values of six individual samples. All other samples are single analyses of a single pooled
sample composed of six individually collected samples (Volume 2).
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Table 3.3-12. Sediment Hydrocarbons (Continued)

Concentration (ug/g)

Season Station F1 F2 Pristane Phytane C.,

Fall "1B 0.15 0.05 0.004 -~ 0.007 0.006
1C 0.19 0.10 0.002 0.002 0.008
2B 0.84 0.08 0.014 0.003 0.029
2F 0.24 0.13 0.004 0.001 0.007
SB 0.02 0.02 0.001 - 0.002
5C 0.07 0.06 0.001 - 0.003
5D 0.09 0.05 0.004 0.002 0.008
SE 0.11 0.68 0.007 0.001 0.001
5F 0.02 0.04 - - 0.001
5G 0.21 0.12 0.001 0.002 0.005
5H 0.21 0.14 0.001 0.001 0.002
7B 0.30 0.14 0.002 0.002 0.010
7C 0.33 0.26 0.003 0.002 0.021
D 0.88 0.66 0.003 0.007 0.023
7E 2.51 1.19 0.026 0.026 0.007
7F 0.27 0.29 0.004 0.001 0.004
7G 0.58 0.86 0.006 0.001 0.005

the basis of gas-liquid chromatography alone because of their low concentrations and the
presence of biogenic olefinic hydrocarbons. The major aromatic hydrocarbons detected were
biphenyl, phenanthrene, naphthalene, and pyrene (Table 3.3-6)—and there were trace amounts of
perylene, chrysene, dimethylphenanthrene, methylphenanthrene, trimethylbiphenyl, methyl-
fluorene, tetramethylnaphthalene, diphenylethane, trimethylnaphthalene, and methylbiphenyl in
some samples. Silicones and plasticizers were also detected in some samples.

Two dozen sets of replicate sediment samples were analyzed, and the results are summarized
in Table 3.3-13. Because of very low levels of individual components, the levels of total resolved
components were determined, as well as the ratios of pristane/C,s , Cy5/C6, and C,9/Cso. The
use of C,¢ instead of C,, is preferred for ratios because Cy,, like C,5, is often a major biogenic
n-paraffin and, hence, is not as good a petroleum indicator as C,,. The relative standard
deviations were generally <50%, which is quite low for replicate sediment sampling. Even more
significant, the standard deviation of the means of all the sets was also unexpectedly low. This
would indicate that the sediments from the entire sample area except stations 7D and 7E were
remarkably uniform in terms of hydrocarbon content. Correlations of hydrocarbons in sediments
with sediment characteristics, TOC, and near-bottom particulate hydrocarbons are presented in
Table 3.3-14.

F. HYDROCARBONS FOR EPIFAUNA AND RESIDENT DEMERSAL FISHES

Hydrocarbon data for the 14 species of benthic invertebrates and 38 species of fish
collected during the four seasonal cruises are presented in Table 3.3-15 and 3.3-16; in cases in
which replicate samples were analyzed from one station, standard deviations are given.

Three invertebrate species—Loligo pealei (squid), Sicyonia brevirostris (rock shrimp), and
Holothuria imperator-arenico (sea cucumber)—were collected during all four seasons, and squid
and rock shrimp were collected at several stations during each season. Three species of
fish—Synodus foetens (inshore lizard fish), Urophycis regius (spotted hake), and Diplectrum
formosum (sand perch)—were collected during all seasons at most stations.
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Figure 3.3-9. Gas Chromatograms of Sediment Sample 1313, Fractions 1 (Top) and
2 (Bottom), Station 7E, Summer 1977
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Figure 3.3-13. Gas Chromatograms of Sediment Sample 533, Fractions 1 (Top) and
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Sample
Set
Number

451
455

Resolved
Components

n (:8/g)b

6 0.57 35)

6 0.23 13)

6 0.33 38)

6 0.17 (66)

6 0.57 on

6 0.30 @9)

6 0.24 (50)

6 0.47 35)

6  0.39 (50)

6 0.45 G4)

6 0.39 a27d
6 0.18 50)

6 0.23 50)

6 0.15 (40)

6 0.10 (13)
52 0.12 46)

6 0.13 31)

6 0.23 53)

6 0.46 174y
3 0.20 39)

6 0.22 1)

6 0.30 62)

6 1.48 38)

6 0.15 64)

0.34 54)f (84)8

a0ne sample lost during processing.
bNumbers in parentheses are relative standard deviations (%).

CInsufficient data:

Table 3.3-13. Replicate Variability of Sediment Samples

F2
Resolved
Components
(ug/g)®

0.23 3%)
0.21 48)
0.21 (50)
0.11 (50)
0.26 (69)
0.20 39
0.21 (22)
0.30 (58)
0.14 43)
0.80 “45)
0.12 (53)
0.11 an
0.14 61
0.11 (36)
0.25 (137
0.13 (32)
0.07 (28)
0.17 an
0.29 (107)
0.19 (28)
0.25 “3)
0.19 (38)
1.13 an
0.25 1)
0.25

“9)f (94)8

PR/C,,

1.6 (50)
Note ¢
12 an
1.6 (56)
1.1 29)
1.2 (39)
1.3 36)
1.3 28)
1.5 (35)
1.6 (33)
2.3 @5s)
2.8 (34)
24 32)
2.9 2)
1.7 @2)
1.1 35)
1.5 58)
2.0 (33)
Note ¢
1.4 (60)
34 1)
1.8 55)

21.4 32)
1.5 56)
27 39)f (159)8

dOne sample in set was heavily contaminated with paraffin wax, probably from a tar ball.

€One sample in set was heavily contaminated with silicone oil.

fMean of relative standard deviations (%).
8Relative standard deviation of means (%).

CIJ/CIS

Note ¢

1.2 49)
Note ¢

09 (72)
0.6 (53)
0.7 44)
1.0 “2)
Note ¢

Note ¢

1.0 28)
24 (55)
1.1 39)
1.3 24)
1.3 (16)
1.3 31
1.7 (28)
0.9 (36)
1.5 (kYD)
0.7 (32)
2.0 27N
1.7 (11)
14 22)
1.2 “6)
0.8 57)
1.2 3nfane

C29 /CSO
2.0 295)
Note c
Note ¢
1.7 (8)
Note ¢
Note ¢
Note ¢
Note ¢
Note ¢
4.2 (5)
24 28)
1.6 an
1.7 (13)
1.7 27)
1.7 Q27
1.7 @2)
1.8 29)
14 (34)
29 (33)
2.6 (28)
1.5 29)
1.8 (36)
24 (34)
1.5 22)
2.0 enf ¢ae




Table 3.3-14. Correlations of Sediment Hydrocarbons With Sediment Characteristics,
Total Organic Carbon, and Near-Bottom Particulate Hydrocarbons

Significant Comrelation Probability 2

Sediment total hydrocarbon versus mean quartile grain size 0.001
F1 sediment hydrocarbon versus-mean quartile grain size 0.003
Sediment pristane versus mean quartile grain size 0.001
Sediment phytane versus mean quartile grain size 0.04
Median grain size versus total sediment hydrocarbon 0.003
F1 sediment hydrocarbon versus median grain size 0.01
Sediment pristane versus median grain size 0.0004
Sediment pristane versus ¢ quartile deviation ' 0.01
Sediment pristane versus skewness 0.01
Total sediment hydrocarbon versus pan fraction 0.0001
F1 sediment hydrocarbon versus pan fraction 0.0001
Sediment pristane versus pan fraction 0.0001
Total sediment hydrocarbon versus sediment total organic carbon 0.0001
F1 sediment hydrocarbon versus sediment total organic carbon 0.0001
Sediment pristane versus sediment total organic carbon 0.0001
Sediment pristane versus near-bottom total particulate hydrocarbon 0.003
Sediment pristane versus near-bottom F1 particulate hydrocarbon 0.05
Sediment pristane versus near-bottom particulate pristane 0.03

2 Jet R denote the sample correlation coefficient, and r denote the calculated value of
the sample correlation coefficient. Then,

Pr Ri>Ifl =p

can be thought of as a measure of the degree of agreement between the data collected
and the hypothesis of no correlation. This measure can take values between zero and
one, with small values of p (generally less than 0.10, 0.15, or 0.01) indicating poor
agreement and higher values indicating better agreement. More technically,

Pr IRI>ifl =p

is the probability before collection of data, if obtaining a value of the statistic R
without a sign greater than the observed value of r without a sign, given that the
assumption of no correlation represents the true state of nature.

Highest hydrocarbon concentrations were noted in Synodus poeyi (offshore lizard fish),
averaging 43 ug/g saturated and 32 pg/g fraction 2. The principal saturated hydrocarbons were
pristane, n—C;;, and n—C,s, which averaged 4, 3, and 18 ug/g, respectively. The principal
component of F2 hydrocarbons was squalene, which averaged 15 ug/g. Table 3.3-17 presents
replicate variability data for fish of this species; the mean values for F1 (saturated) hydrocarbons
in fish analyzed individually had standard deviations of 140 to 50% of the mean. F2 (aromatic)
hydrocarbons had standard deviations that were 60 to 120% of the mean. These data provide
adequate demonstration that pooling of five individuals of this species and analyzing the pooled
sample would yield data representative of hydrocarbon concentrations with individual variability
eliminated. There were no significant differences in the hydrocarbon concentrations in the same
species among the four seasons. Total sediment hydrocarbon correlation with the hydrocarbon
content of Synodus poeyi appears in Table 3.3-18. The near-bottom particulate pristane
correlated with total hydrocarbon concentration of Diplectrum formosum. A few lizard fish
samples had fatty livers (Chapter 10 and Volume 6), but this abnormality could not be related
to differences in hydrocarbon concentrations.
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Season

Winter

Spring

Scientific Name

Paralichthys dentatus
Urophycis regius

Synodus foetens
Synodus poeyi
Stenotomus chrysops
Trachurus lathami
Phycis chesteri
Haemulon aurolineatum
Diplectrum formosum
Trachinocephalus myops

Diplectrum formosum

Decapterus punctatus

Synodus poeyi

Synodus foetens

Table 3.3-15. Fish Hydrocarbons

Common Name

Summer flounder
Spotted hake

Inshore lizard fish
Offshore lizard fish
Scup

Rough scad

Sand perch

Sand perch

‘Round scad

Offshore lizard fish

Irishore lizard fish

Station

1C
2Db
4C
4D
4E
SA
5C
SD
7E
iD
4F
2E
2F
S1

6C
7C
1F
2F
1D
2E
4D
5C
5G
6E
2B
5C
6B
7C

3E
4F
5G
2B
6B

F1

[l I S

76

65 22
44 26
4

3

Concentration (ug/g)
F2 Pristane
10 1.0
28 1.4
17 1.0
21 0.1
23 11.0
82 2.0
19 0.1
16 6.0

214 -

4 0.1
28 +17 12.6 9.0
31 -

33 6.0
11 0.1
25 0.3
4 04
4 0.3
5 0.2
8 0.2
4 0.3
60 4.8
5 0.03
6 0.1
7 0.04
22 5.2
138 13.9

61 9.1

27 13 3.2

13 2.5

65 :60 1.0 £ 0.5
20 +8 2.7 £2.1
6 0.1

6 0.2

CI7

0.3
0.4
0.1
0.1
0.5
0.4
0.1
0.3
1.3
3.6 £1.2
4.0
0.4
04
0.4
0.3
0.4
0.4
0.02
0.3
0.01
0.01
0.01
0.4
14
0.6
04

1.3
7.1 £2.3

5233

0.8
2.2

Ci
0.4
0.1
0.3
0.3
1.0
0.3
0.1
1.0
1.5
3.1
14.3 £5.6
0.2
0.3
0.3
-2
0.1
2.6
1.9
0.2
0.1
1.1
0.02
0.04
0.03
1.8
4.0
2.1
2.7

10.0
37 :15
20 9
23
59
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Season

Spring
(cont)

Summer

Scientific Name

Stenotomus chrysops
Etrumeus teres
Pagrus sedecim
Urophycis regius
Prionotus roseus
Pedrilus triacanthus
Bothus ocellatus

Synodus foetens

Synodus intermedius

Prionotus scitulus

Monocanthus

Sparidae

Ophidion holbrooki
Hemipteronotus navacula
Decapterus punctatus

Haemulon aurolineatum

Haemulon siurus

Table 3.3-15. Fish Hydrocarbons (Continued)

Common Name

Scup

Porgy
Hake
Bluespotted searobin

Inshore lizard fish

Sand diver

Leopard searobin

Porgies

Round scad

Station

2B
1D
Cc
4F
4F
7E
5G

1C
2E
3E
5D
6C
2E
3E
4F
7C
1C
1D
2F
4F
1C
1D
2B
2D
1C
1D
2B
2D
1D
2B
2B
4C
4D
4D
4E
2D
7C

F1

189

PO N S SRR - N

oo oo L
V0 HsEWwDOONWOOWNO
[ 8]

NN NN W

14
3

ot

[- - S I

Concentration (ug/g)
F2 Pristane
11 0.03

142 18.7
20 0.8
18 0.4
12 0.2
55 1.6
13 04
7 .01
15 0.3
6 0.1
13 0.3
10 -
10 0.1
12 0.3
8 0.5
10 . 0.1
11 0.3
6 0.7
11 0.1
20 0.2
13 0.2
31 0.5
22 0.5
14 0.1
7 0.1
24 0.1
36 0.1
14 0.1
7 0.1
15 1.0
65 3.3
51 1.4
36 10.9
3 0.1
6 0.1
55 0.2
30 1.1

Co

0.03
16.5

0.1
0.2
0.05

1.3
2.0
1.6
1.5
32
1.8
3.1
4.6

0.1
0.07
0.1

0.2
0.2
0.3
0.2
0.1
0.04
0.1
0.2
0.08

0.9
0.6
25

0.1
0.2
0.3

0.02
139.0

0.5

0.1

2.0

24
23
4.0
2.7
4.8
7.8
6.9
16.5

0.1
0.03
0.03
0.02
0.9
0.2
0.6
0.1
0.1
0.1
0.1
0.1
0.05

1.2
1.8
8.8

0.1
0.2
0.3




Table 3.3-15. Fish Hydrocarbons (Continued)

SI1

dnoug juswdinbz

Concentration (ug/g)
Season Scientific Name Common Name Station F1 F2 Pristane C, C
Summer Diplectrum formosum Sand perch 2E 1 7 - 0.1 0.1
(cont) 3D 3 6 0.2 0.1 0.7
4C 7 34 2.3 1.4 -
5C 6 9 0.2 0.2 0.3
5D 1 12 0.1 0.04 0.1
6C 2 6 0.2 0.1 0.1
6E 3 8 0.1 0.1 0.2
Urophycis regius Spotted hake TE 5 19 - - -
Urophycis tentuis Hake 7F 2 25 0.1 - -
Centropristis ocyurus - 2E 4 7 0.3 0.1 0.2
4F 9 6 0.3 0.1 0.1
Clupeidae Herring 3B 36 19 1.6 9.8 14.6
5D 139 100 521 5.9 64.3
Mullus auratus - 3E 7 24 0.5 0.6 1.7
Syacium - 4F 11 16 0.2 04 0.9
Anchoa hepsetus - S5A 118 41 33.9 4.0 31.6
Larimus fasciatus - SA 2 8 0.6 0.1 -
Menticirrhus americanus - SA 1 18 0.03 0.1 -
Bothus ocellatus - 5G 2 9 0.3 0.1 0.1
6E 5 12 0.3 0.04 -
Leiostomus xanthurus - 6B 4 2 0.02 0.2 0.03
Paralichthys algigutta Flounder 7E 2 S 0.2 - -
Fall Synodus poeyi Offshore lizard fish 2E 6 2 0.3 1.2 4.2
4D 23 11 24 5.0 10.2
4F 48 12 6.3 0.6 28.5
Synodus intermedius Sand diver 4F 6 7 0.1 14 33
6B 8 5 3.2 0.2 3.2
Urophycis regius Hake 4F 6 10 0.1 0.1 0.1
7E ) 10 4.0 0.1 0.1
Diplectrum formosum Sand perch 2D 1 4 04 0.1 0.6
2E 1 3 0.3 0.1 0.3
3E 0. 4 0.1 0.02 0.1
4C 2 75 0.6 0.2 04
4D 2 5 0.7 0.5 0.1
C 2 5 0.3 0.1 0.2
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Season

Fall
(cont)

Scientific Name

Stenotomus chrysops
Decapterus punctatus

Haemulon eurolineatum
Prionotus carolinus
Lagodon rhomboides
Centropristis philadelphica
Leiostomus xanthurus
Trachurus lathami
Trachinocephalus myops
Pomatomus saltatrix
Syacium papillosum

Table 3.3-15. Fish Hydrocarbons (Continued)

Common Name

Scup
Round scad

Station

2B
2D
4C
17C
1D
1D
2B
2D
6B
5C
5G
6B
4F

F1

12

26

10

43

20

31

Concentration (ug/g)
F2 Pristane
29 0.2
44 6.1
11 3.0
17 19.0
10 0.2
6 0.5
62 0.3
2 0.3
49 0.2
37 14.0
4 0.1
21 10.0
5 0.2

.01

0.7
0.3
14
0.1
0.1
0.2
0.1
0.1
0.7
1.5

0.1
3.3
0.5
2.8
0.1
0.1
0.2
0.1
0.1
34
5.9
10.8
0.1
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Season

Winter

Spring
(cont)

Summer

Table 3.3-16. Benthic Invertebrate Hydrocarbons

Scientific Name

Loligo pealei

Octopus vulgaris
Sicyonia brevirostris
Hepatopancreas

Caridea
Brachyura
Holothuria imperator-arenico

Bivalvia
Polychaeta

Loligo pealei
Sicyonia brevirostris

Penaeus setifer
Portunus spinicarpus
Ovalipes stephensoni

Argopecten gibbus

Pecten

Holothuria imperator-arenico

Loligo pealei

Common Name

Squid

Shrimp

Hepatopancreas

Sea cucumber

Squid

Rock shrimp

Shrimp
Crab
Lady crab

Scallop

Sea cucumber

Squid

Station

1C
2D
2E
2F
ib
4D
4F
C
7F
2D
3D
3E
6C
2F
1C
4C
SD
4E
SA

2B
6B
C
2B
2E
6E
4F
4F
2B
6E
6E
6E
4C
5C

3D
4D

F1

15
12

10
21

& bW w e

55

17

36

19
24

W A AN OO O

+3

6

+8

Concentration (1g/g)
F2 Pristane
3 12.0
1 6.7
1 5.3
5 5.0
9 18.0
3 6.4
111 1.2
21:1 2.5
2 03
31 0.4
513 1.0
27 1.0
4 0.1
36 1.0
49 0.6
8 0.1
38 0.1
65 1.0
12 0.1
32 3.2:1.5
4 0.7
322 1.0 £0.2
6 0.1
20 0.1
12 0.3
3 03
3 0.1
18 £12 2.5 0.7
13 0.4
10 0.1
12 0.1
69 0.1
6 0.001
11 34
3 2.5
3 3.2

0.2
0.2
0.2
04
04
0.2
0.3
0.2

0.4
1.9

0.1
1.0
1.0
0.1
0.1
LS
0.1

0.4 £0.2
0.3

0.2 +0.1
0.1

0.1

0.3
0.03
0.01

04

0.1

0.1
0.04
0.3
0.003

0.8
0.7
0.7

0.1

0.1
0.1
1.0
04
0.1
0.1

0.1

0.2
0.1
0.6
0.3

6.0
0.1

1.1 :0.4
0.1
04 +0.2

0.04
0.7

0.02

0.1
0.1
0.03
0.1
0.01

2.0
1.8
1.5
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Season

Summer
(cont)

Fali

Table 3.3-16. Benthic Invertebrate Hydrocarbons (Continued)

Scientific Name

Loligo pealei kcont}

Octopus vulgaris
Sicyonia brevirostris

Penaeus setiferus

Portunus gibbessi

Scyllarus chacei

Loliguncula brevis
Holothuria imperatorarenico

Loligo pealei

Sicyonia brevirostris

Holothuria imperator-arenico

Common Name

Squid (cont)

Rock shrimp

Shrimp
Crab

Sea cucumber

Squid

Rock shrimp

Sea cucumber

Station

4E
5C
5D
5G
6C
7C
7C
1C
3D
4D
4F
5G
5A
1C
2D
5A
4C
5C
5D
6C

4C
4D
4E
5C
SD
5G
7C
4D
4F
5G
6E
5C

F1

26
18
13

12
38
15

26
45
95
65

25

33
95
54

41

LSV I SN R S ]

302

53
18
11

Concentration (ug/g)
F2 Pristane
8 9.2
11 7.2
4 58
4 1.8
7 4.3
2 13.2
1 10.5
3 0.1
13 0.2
10 0.2
193 0.1
4 0.3
11 0.3
47 0.7
3 0.1
6 24
77 0.3
198 0.4
91 22
4 -
8 4.6
) 1.2
7 2.6
3 2.8
4 23
21 1.9
2 46.8
4 0.1
7 0.7
5 0.2
5 0.1
S 0.1

Gy

1.7
2.1
1.3
04
1.4
29
0.5
0.1
0.1
04
0.2
0.3
0.2
0.2
0.1
0.6
0.7
0.7
2.1
0.2

0.6
0.1
0.3
0.5
0.4
0.3
0.2
0.04
0.1
0.1
0.01
0.1

Cis

3.6
3.9
3.9
3.2
4.0
5.8
0.8
0.1
0.1
0.1
0.02
0.2

0.2
0.2
-0.5
0.2
04
0.6
0.2

14
0.2
0.9
0.8
0.7
0.6
1.9’
0.02
0.1
0.03
0.02
0.03
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Table 3.3-17. Replicate Variability of Macrofauna Samples
Amount of Component in Sample (ug/g)
Individuals of Species A?

Retention Individuals of Species Bb
Fraction Index 1- 2 3 4 5 Average® 1 2 3 4 5
1 1500 27.5 15.0 9.5 8.6 25.8 17.3 +8.9 1.7 1.7 1.1 0.9 0.3
1600 1.3 0.8 1.1 0.4 1.1 1.0 0.4 <0.1 <0.1 <0.1 <0.1 0.2
1688 2.8 1.0 1.0 0.7 2.4 1.6 +0.9 <0.1 <0.1 <0.1 <0.1 <0.1
1700 6.7 34 3.1 1.8 5.9 4.2 +£2.0 0.5 0.6 0.5 0.3 0.5
1706“l 22.8 14.1 10.9 3.1 27.2 15.6 9.6 9.2 9.5 6.2 5.0 6.1
1800 1.2 0.8 1.4 0.5 1.0 1.0 10.4 0.3 0.2 0.2 0.1 0.5
1872 2.6 1.2 0.7 1.6 2.6 1.7 +0.8 <0.1 <0.1 <0.1 <0.1 <0.1
1890 1.9 0.8 0.6 0.9 1.8 1.2 £0.6 <0.1 <0.1 <0.1 <0.1 <0.1
1900 | 4.8 29 2.2 0.5 4.9 3.1:1.7 0.1 <0.1 <0.1 0.1 0.2
2000 0.9 0.5 0.4 0.2 0.7 0.5 0.3 <0.1 <0.1 <0.1 <0.1 0.1
2100 0.7 0.4 0.2 0.1 0.4 0.4 :0.2 <0.1 <0.1 <0.1 <0.1 c.1 -
2 1874 1.5 0.4 0.4 0.3 1.4 0.8 £0.6 <0.1 <0.1 <0.1 <0.1 <0.1
1890 24 1.3 0.7 0.3 4.5 1.8 +1.7 <0.1 <0.1 <0.1 <0.1 <0.1
2056 1.2 1.1 0.6 0.2 2.2 1.1 +0.8 0.9 0.9 <0.1 0.4 <0.1
2075 4.4 1.1 0.3 0.2 1.2 1.4 +1.7 <0.1 <0.1 <0.1 <0.1 <0.1
2156 0.9 0.8 0.1 0.1 0.7 0.5 +0.4 <0.1 <0.1 <0.1 <0.1 <0.1
2162 1.3 0.9 0.2 0.1 0.9 0.7 0.5 <0.1 <0.1 <0.1 <0.1 <0.1
2339 12.3 3.2 2.0 34 6.1 54 4.1 1.2 0.8 <0.1 04 <0.1
2360 13.3 29 2.1 24 6.1 5.4 147 0.6 0.6 <0.1 0.2 <0.1
2808° 339 7.2 5.1 4.7 26.3 15.4 £13.7 49 5.8 34 4.3 2.1
2879 1.0 45 3.6 1.1 2.2 2.5 1.5 0.3 0.9 <0.1 <0.1 <0.1

30ffshore lizard fish, sample 203, replicates 1-$
l"'Squid, sample 286, replicates 1 -6

®Reported as mean value :1 standard deviation (x tlo)
dpristane

€Squalene

0.7
<0.1
<0.1

0.4

5.2

0.2
<0.1
<0.1

0.3

0.2

0.2

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

1.5
<0.1

Average®

1.1 £0.6
<0.1
<0.1

0.5 +0.1

6.9 £2.0

0.3 20.1
<0.1
<0.1

0.1 +0.1
<0.1
<0.1

<0.1
<0.1
0.4 +0.4
<0.1
<0.1
<0.1
0.4 0.5
0.3 £0.3
2919
0.1 +0.2




Table 3.3-18. Macrofauna Hydrocarbons Correlated With Sediment Hydrocarbons
and Near-Bottom Particulate Hydrocarbons

Species Particulate Hydrocarbons Probability?

Loligo pealei Total sediment hydrocarbon versus squid F1 hydrocarbon 0.02
F1 sediment hydrocarbon versus squid total hydrocarbon 0.003
F1 sediment hydrocarbon versus squid F1 hydrocarbon 0.0006
F1 sediment hydrocarbon versus squid total hydrocarbon 0.0007
Sediment pristane versus squid F1 hydrocarbon 0.0001
Sediment pristane versus squid total hydrocarbon 0.0001

Diplectrum formosum Near-bottom particulate pristane versus sand perch F1 hydrocarbon 0.0001
Near-bottom particulate pristane versus sand perch total hydrocarbon 0.0001

Synodus poeyi Total sediment hydrocarbon versus lizard fish F1 hydrocarbon ) 0.004
Total sediment hydrocarbon versus lizard fish total hydrocarbon 0.007

a Let R denote the sample correlation coefficient, and r denote the calculated value of the sample correlation
coefficient. Then,

Pr IRi>Ifl =p

can be thought of as a measure of the degree of agreement between the data collected and the hypothesis
of no correlation. This measure can take values between zero and one, with small values of p (generally
less than 0.10, 0.15, or 0.01) indicating poor agreement and higher values indicating better agreement.
More technically,

Pr RI>IIl =p

is the probability before collection of data, if obtaining a value of the statistic R without a sign greater than
the observed value of r without a sign, given that the assumption of no correlation represents the true state
of nature.

Synodus foetens, the inshore lizard fish, had much lower hydrocarbon concentration than
did Synodus poeyi: the saturated hydrocarbon concentration averaged 6 ug/g and the F2
hydrocarbons averaged 8 ug/g. The sand perch Diplectrum formosum, was widely collected and
had a low hydrocarbon concentration, averaging 3 ug/g saturated hydrocarbon concentration.
Figures 3.3-16 and 3.3-18 are gas-liquid chromatograms of hydrocarbons from Decapterus
punctatus, Sicyonia brevirostris and Loligo pealei.

An occasional high or low value was observed for hydrocarbon concentrations in samples
from one station, e.g., for sand perch at certain stations along transect 4 (Table 3.3-15). Further
study with more samples over a longer time would show if animals from certain stations had
consistently high or low hydrocarbon concentrations. '
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1500

UNKNOWN

1700 + PRISTANE

1900

1600
1800

E 1400

MACROFAUNA 518-3-0 F1

MACROFAUNA 518-3-0 F2

Figure 3.3-16. Gas Chromatograms of Decapterus punctatus Sample 518-3,
Fractions 1 (Top) and 2 (Bottom}, Station 5C, Spring 1977
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UNKNOWN

MACROFAUNA 548-~4-0 F1

MACROFAUNA 348-4-0 F2

Figure 3.3-17. Gas Chromatograms of Sicyonia brevirostris Sample 548-4,
Fractions 1 (Top) and 2 (Bottom), Station 6E, Spring 1977
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UNKNOWN

PRISTANE

1700

DN T

MACROFAUNA 548-1-0 F1

SQUALENE

N - -

MACROFAUNA 548-1~0 F2

Figure 3.3-18. Gas Chromatograms of Loligo pealei Sample 548-1,
Fractions 1 (Top) and 2 (Bottom), Station 6H, Spring 1977
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For most of the benthic invertebrates, the range of saturated hydrocarbon concentrations
was from 5 to 30 ug/g; most fish fell in the range of 2 to 40 ug/g. The sea cucumber Holothuria
imperator-arenico was the invertebrate with the highest hydrocarbon concentrations (total
averaging 84 ug/g) with a range of 6 to 293 ug/g—probably because this deposit feeder derives
some hydrocarbons from the sediment.

Among the invertebrates, squid were consistently collected during all seasons and at most
stations: total hydrocarbon content averaged 17 ug/g, except for samples from station 7C.
Pristane, n—C,,, and n—C,;s accounted for most of the saturated hydrocarbon fraction in squid.
Squid from station 7C in the fall had an F1 hydrocarbon concentration of 302 ug/g. Replicate
variability of individuals of this invertebrate appears in Table 3.3-17. The major hydrocarbon
components of fraction 2 were squalene and several polyunsaturated olefins (Table 3.3-17). Total
sediment hydrocarbon, F1 hydrocarbon, and sediment pristane correlated with squid
hydrocarbon concentrations (Table 3.3-18).

The hydrocarbon concentrations of Urophycis regius, Decapterus punctatus, Synodus
foetens, Sicyonia brevirostris, and Ovalipes stephensoni showed no significant correlations with
hydrocarbon concentrations of sediments and near-bottom particulates (Appendix 3.3D in
Volume 6). Whether Loligo pealei and Synodus poeyi can be used to monitor hydrocarbons in
sediment or near-bottom particulates remains to be determined in future investigation.

Although gas-liquid chromatography/mass spectrometry was used to analyze 35 F2 hydro-
carbons in macrofauna samples, aromatic hydrocarbons were detected in only a few samples by a
selected ion scan of the data. (The amounts present were too low to show up in the gas
chromatograms or in the normalized total ion chromatograms.) The primary aromatic hydro-
carbons in these macrofauna samples were naphthalene and phenanthrene (Table 3.3-6).

G. SUMMARY OF RESULTS

The major saturated hydrocarbons were: Cy9, surface film; C,s, dissolved in water; C,;,
particulates in water; pristane, zooplankton; pristane, benthic macrofauna; and C,,, sediment.
These are assumed to have been biogenic in origin. In addition, C,4 and C,g were important
alkanes in some samples. Hydrocarbons in F2 included squalene and the polyunsaturated olefin
21:6, as well as other polyunsaturated hydrocarbons. Some samples showed small amounts of
aromatic hydrocarbons.

The components found in F1 by gas-liquid chromatography/mass spectrometry were
n-alkanes, branched alkanes, cycloalkanes, and monolefins. Table 3.3-19 lists the compounds by
retention index, characteristic ions, and types of samples in which they were found. The mass
spectrum of each compound appears in Volume 6, Appendix 3.31. In the absence of an extensive
set of known reference compounds or additional chemical and spectrometric data, the identity of
the F1 components cannot be established conclusively. The mass spectra typically show a high
degree of fragmentation and, although they are similar in many respects, there usually are
distinctive features in terms of certain fragment ion ratios that allow class distinctions to be
made.

The components found in F2 by GC-MS analysis were primarily biogenic olefins, but there
were also small amounts of aromatic hydrocarbons, silicones, and plasticizers. Table 3.3-20 lists
the nonaromatic hydrocarbon and biogenic olefins found in F2 and the types of samples in
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Retention
Index

1388
1400
1462
1473
1490
1500
1550
1560
1590
1600
1650
1670
1688
1700
1706
1711
1715
1729
1734
1738
1743
1750 -
1752
1758
1770
1777
1788
1800
1810
1815
1831
1840
1859
1872
1880
1883
1890
1900
1913
1931
1964
1975
1987
2000
2052
2063
2075
2082
2088
2100
2110

Table 3_.3-19. Hydrocarbons Found in Fraction 1 by GC-MS Analysis
Occusrence in Sample Type?

Major Characteristic

lIons, m/e (Relative Intensity)

43(100), 41(83), 55(78),
57(100), 43(96), 71(50),
57(100), 43(81), 71(77),
55(100), 69(93), 41(86),
55(100), 43(98), 41(91),
43(100), 57(99), 41(72),
40(100), 43(76), 57(68),
43(100), 57(63), 41(58),
43(100), 57(90), 55(78),
55(100), 71(90), 85(73),
57(100), 71(70), 85(49),
41(100), 55(85), 43(73),
41(100), 55(94), 69(86),
57(100), 71(88), 85(75),
57(100), 71(95), 43(52),
55(100), 41(91), 97(72),
69(100), 55(96), 57(76),
69(100), 56(90), 70(88),
§7(100), 55(76), 43(73),
69(100), 41(69), 70(62),
57(100), 43(93), 71(74),
57(100), 41(92), 55(86),
43(100), 85(74), 57(42),
57(100), 43(83), 71(55),
57(100), 43(68), 41(67),
43(100), 55(95), 41(82),
55(100), 41(99), 43(93),
57(100), 43(87), 71(61),
71(100), 57(97), 85(62),
55(100), 41(94), 69(93),
43(100), 68(97), 82(50),
57(100), 70(70), 55(68),
43(100), 81(99), 82(93),
43(100), 41(87), 81(93),
57(100), 71(55), 43(55),
55(100), 97(88), 43(60),
41(100), 43(98), 55(82),
57(100), 43(98), 71(57),
43(100), 41(97), 55095),

57(60)
41(44)
40(50)
210(8)
57(73)
71(50)
71(64)
71(42)
41(76)
43(55)
43(48)
83(53)
238(10)
43(61)
85(45)
238(8)
56(67)
57(77)
69(68)
57(56)
41(59)
69(85)
56(47)
85(36)
56(49)
69(75)
69(81)
41(52)
43(46)
57(86)
95(47)
71(55)
68(90)
82(77)
85(37)
41(55)
57(72)
41(56)
97(54)

41(100), 43(100), 57(92), 55(91)

57(100), 43(82), 83(70),
57(100), 69(98), 55(80),
57(100), 71(75), 43(67),
57(100), 43(92), 71(61),
67(100), 82(95), 81(94),
41(100), 55(86), 82(80),
43(100), 69(88), 55(86),
43(100), 55(68), 41(63),
43(100), 41(90), 55(89),
57(100), 43(85), 71(60),
43(100), 57(66), 41(65),

82(60)
111(68)
85(56)
41(53)
96(86)
67(19)
41(72)
69(58)
57(83)
4147)
69(60)

Classb

cwCcCococCcocrmwocococovwaoCovwooooaorucdocunocouocoCococcunccrnncuncncEon®wc

Macro-
fauna®

t+++++++0+00+++0+++++o+f+ro0tro++totooftiies s rotl + + + + 0

Zoo-

plankton Sediment

O+O+O+++OOOCO++O°++O+O°+OOO'O+O+OOOOOI+++++OOO¢O°++O

++o¢1¢c+coo+++++o+++++1$¢o+++o+c+o+111I+++oo+++o+++

Surface
Film

©+O00COCO ++0+000CO00C+00O0 +O00C ++00++00+00CO0CO+H+‘I+OCO0O0O+O0OOCOCOOCOO0

Water Particulate

O+ 00000 +OODOOO +O00COOCOOO0OO ++000OCOOCOCOOCOCOO+ +000+0CO+ooo +0
O+ 0 +000C +O0OCOO0O+O0OOO+ +0 +0 ++0000CO0COCOOCOOOCOC++00CO0+O0ODOCO+IOCOCOOCR
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Table 3.3-19. Hydrocarbons Found in Fraction 1 by GC-MS Analysis (Continued)
Occurrence in Sample Type?

Retention Major Characteristic Macro- Zoo- Surface
Index Ions, m/e (Relative Intensity) Classb fauna® plankton Sediment Film Water Particulate
2135 57(100), 43(75), 55(72), 69(71)
2140 71(100), 57(99), 85(73), 43(55)
2151 55(100), 69(98), 57(60), 83(58)
2161 57(100), 43(80), 69(71), 55(68)
2200 57(100), 43(90), 71(58), 85(48)
2240 57(100), 71(70), 43(52), 85(34)

2293 97(100), 83(94), 57(89), 55(87)
2300 57(100), 43(96), 71(68), 85(53)
2400 43(100), 57(99), 71(74), 85(53)
2500 57(100), 43(85), 71(65), 85(51)
2600 57(100), 43(89), 71(70), 85(50)
2670 57(100), 71(76), 43(53), 85(45)
2680 57(100), 43(79), 69(77), 55(66)
2697 57(100), 69(89), 83(87), 55(78)
2700 57(100), 43(86), 71(69), 85(56)
2800 57(100), 43(76), 71(66), 85(38)
2900 57(100), 43(82), 71(68), 85(63)
3000 57(100), 71(65), 43(60), ' 85(53)
3100 57(100), 43(65), 71(61), 85(36)
3200 57(100), 43(90), 71(73), 85(60)

VLN LLECLLDULUBELBLC S WV C
COOC+O ++ 4+ + 4+ 4+ ++ 4+ ++++0+
++ 4+ +++000++++0++00 + 0O
+ + 4+ +++00CO0++++0++0000
CO0O0O0CO0CCOO0O0O+ ++00+000C0O
CC 00000000+ +4+00+0O000
COO00CCO00O0OO+ ++00+000D

30 = not found; + = low levels; ++ = relatively high levels.
bs = straight-chain or branched-chain saturated hydrocarbon; U = unsaturated or cyclic hydrocarbon.
CMacrofauna species are listed in Appendixes 3.3V, 3.3W, 3.3X, and 3.3Y.

which they were found. The mass spectrum of each of these compounds appears in Volume 6,
Appendix 3.3I. A variety of biogenic olefins was found in every F2 extract studied; however,
they were generally more plentiful in the extracts from zooplankton, macrofauna, and sediment
samples. The majority of the biogenic olefins found in zooplankton and benthic macrofauna
were also found in sediments. The aromatic hydrocarbons and miscellaneous chemicals found in
F2 and the types of samples in which they were detected are listed in Table 3.3-6; their mass
spectra, in conjunction with retention index data, permitted them to be identified conclusively in
most cases. Most of the components were found in only a small number of samples and in most
cases may represent contamination during the sampling and processing steps.

H. SUMMARY OF INDEPENDENT QA/QC LABORATORY ANALYSES

As a contract requirement, TI collected separate sediment, macrofauna, and zooplankton
samples for QA/QC verification by an independent laboratory designated by BLM. Laseter and
Overton (1978) reported results of GC and GC-MS analyses on 23 sediment, 4 macrofauna, and
4 zooplankton samples collected during the four seasonal cruises for QA/QC verification.

Sediment samples were reported to contain normal hydrocarbons (detected for C;5 to
Cpo), the C,3 and C,, isoprenoid hydrocarbons, several isomers of phytadiene, unknown
olefins, and other compounds in the n-hexane (F1) fractions. The F2 (40% benzene in n-hexane)
fractions were reported to suggest two general distributions. One distribution showed little
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Retention
Index

1369
1476
1557
1566
1570
1664
1673
1792
1831
1845
1859
1865
1872
1880
1898
1904
1972
2030
2040
2043
2056
2062
2075
2080
2089
2094
2105
2110
2115
2121
2136
2162
2184
2290
2307
2316
2325
2339
2355
2360
2461
2490
2530
2553
2560
2567
2573
2601
2604
2610
2640
2676

Table 3.3-20. Nonaromatic Hydrocarbons Found in Fraction 2 by GC-MS Analysis
' Occurrence in Sample Type?

Major Characteristic
Jons, m/e (Relative Intensity)

67(100), 81(83), 55(70), 82(65)
79(100), 55(63), 93(62), 67(55)
41(100), 57(67), 67(41), 55(41)
41(100), 55(50), 67(42), 54(36)
91(100), 79(75), 81(55), 121(49)
41(100), 55(95), 67(72), 81(60)
41(100), 55(83), 67(48), 81(40)
85(100), 57(96), 71(92), 141(38)
43(100), 41(46), 68(73), 123(38)
55(100), 41(77), 67(60), 69(42)
43(100), 81(50), 82(50), 123(22)
55(100), 82(70), 81(66), 69(61)
81(100), 43(96), 82(75), 123(50)
81(100), 82(86), 95(80), 123(45)
97(100), 83(66), 55(48), 153(14)
97(100), 83(66), 55(46), 153(15)
109(100), 55(78), 107(65), 121(50)
79(100), 80(64), 91(57), 67(54)
67(100), 79(78), 55(75), 41(64)
83(100), 165(30), 179(24), 233(16)
79(100), 80(99), 67(71), 93(52)
55(100), 83(91), 43(65), 69(64)
69(100), 163(22), 177(15), 233(10)
83(100), 55(61), 165(10), 179(10)
83(100), 165(28), 179(20), 233(10)
55(100), 41(69), 48(49), 231(10)
69(100), 81(90), 95(84), 151(14)
109(100), 43(28), 69(22), 205(5)
69(100), 41(92), 55(43), 81(25)
69(100), 95(60), 81(52), 109(46)
69(100), 81(37), 95(30), 41(28)
69(100), 41(95), 55(50), 81(25)
69(100), 41(77), 55(45), 81(26)
$9(100), 41(51), 55(48), 109(30)
69(100), 41(73), 55(53), 109(28)
69(100), 41(50), 81(28), 55(18)
69(100), 41(70), 81(27), 55(18)
69(100), 41(62), 109(46), 55(42)
191(100), 67(38), 81(34), 192(32)
69(100), 81(43), 41(23), 68(20)
43(100), 107(67), 205(22), 231(18)
55(100), 41(83), 147(20), 161(16)
69(100), 41(38), 55(34), 81(30)
55(100), 95(86), 69(82), 231(12)
69(100), 55(75), 83(74), 217(8)
55(100), 69(86), 83(48), 41(44)
55(100), 83(71), 41(62), 69(52)
69(100), 109(35), 149(24), 191(18)
79(100), 41(88), 67(84), 43(77)
55(100), 69(83), 83(56), 43(55)
69(100), 81(58), 55(50), 41(48)
69(100), 41(52), 81(41), 55(33)

Macro-

fauna®

+ + + + PO+ PO +O 4+ 4+ ++ + + A PO+ E FE PO+ A+ TOO+ A +AOH OO

Zoo-
plankton

+
OOOO+O+OO°OOO+I°IOOOOO++Q'+OOO+OOoxIOOOOICOOOOOOOOOOO

Sedi-
ment

ooco+++++++++++ocooo++++111111III;1+++o+o+o+o++o++++

Water Particulate

SO O0OO0OO0OO0COCOOOOOOO +O00O0OOOLOLOLOOOCOOLOOLOLOOOLDOLOLOOODOOCODODODOOOCDORPROCOOOR®

OOOOQOOOOOQOOO+OOOOOQO++++°°O+OOOOIOOOOOOOOOOOOOOOOQ
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Table 3.3-20. Nonaromatic Hydrocarbons Found in Fraction 2 by GC-MS Analysis (Continued)
Occurrence in Sample Type?
Retention Major Characteristic Macro- Zoo- Sedi-
Index Jons, m/e (Relative Intensity) faunab plankton ment Water Particulate

2702 69(100), 55(51), 109(39), 41(38)
2729 83(100), 69(96), 55(74), 57(48)
2760 69(100), 41(52), 55(31), 81(23)
2773 69(100), 41(49), 81(39), 55(19)
2789 81(100), 69(78), 95(75), 109(60)
2859 43(100), 41(59), 145(96), 147(28)
2879 69(100), 81(50),41(47), 191(8)
2899 69(100), 191(70), 192(21), 231(13)
2906 55(100), 43(75), 145(28), 159(23)
2992 91(100), 79(94), 93(55), 67(54)
3042 69(100), 81(47), 41(33), 55(28)
3098 55(100), 69(77), 82(73), 96(62)

+ + O+ 4+ + O+ + 4+
cooocoococoocoo
CO+ + + O+ ++ +00
cCoococoococooco0o0 oo
ocoocoo0cocococo0oo oo

40 = not found; + = low levels; ++ = relatively high levels.
bMacrofauna species are listed in Appendixes 3.3V, 3.3W, 3.3X, and 3.3Y.

contamination by polynuclear aromatic (PNA) compounds. The second distribution observed
showed that the sediment contained several PNAs and their alkylated homologs. Most of these
compounds were present at concentrations of <l ppb (1 ng/g) and could not be quantified by
GC. Their presence was detected qualitatively, however, by GC-MS by comparison of sample
mass spectra with mass spectra of known compounds. It was concluded that, because of the
extremely low concentrations present, petroleum contamination of the sediment could not be
demonstrated from these data.

Concentrations of saturated hydrocarbons ranged from 0.048 ug/g to 2.56 ug/g, with most
values in the 0.1- to 1.0-ug/g range. The major saturated component was the C,, alkane. Other
important F1 components were C,g, pristane, and phytane. The average pristane-to-phytane ratio
was 2. Several phytadiene isomers were identified and were the highest individual unsaturated
contributors to the total concentration of F1 hydrocarbons. The major aromatic sediment
hydrocarbons identified were biphenyl, phenanthrene, naphthalene isomers, and pyrene.
Generally, individual aromatic compounds were 3 to 30 ng/g with total F2 concentrations
ranging from 0.1 to 0.6 ug/g. Texas Instruments results and those of the independent QA/QC
laboratory were in almost complete agreement for qualitative and quantitative sediment hydro-
carbon data.

Analysis of the epifauna (Pomatomus saltatrix, Leiostomus xarthurus, and two Sicyonia
brevirostris) samples contained normal hydrocarbons, the C;y and C,, isoprenoid hydrocarbons,
and phytadiene isomers in the hexane fraction (F1). There were no odd-carbon preferences and
most samples were reported to contain small unresolved complex mixtures. These characteristics
generally are considered an indication of the presence of petroleum contamination. The F2 (40%
benzene in n-hexane) fractions were reported to contain naphthalene and its alkylated homologs,
fluorine, phenanthrene, and several unknown compounds. The presence of petroleum contamina-
tion could not be demonstrated unequivocally by these data. Agreement between these analyses
and the analyses performed by Texas Instruments appears to be excellent. Qualitative and
quantitative data correspond quite closely between the two laboratories.
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The F1 (n-hexane) fractions of zooplankton QA/QC samples were reported to contain
normal paraffins (C,;s through C;), the C;y and C,, isoprenoid hydrocarbons, branched and/or
cyclic hydrocarbons, and unknown olefins. The major saturated hydrocarbon was C,s, with a
mean value of 0.19 ug/g and a standard deviation of 0.14 ug/g. The pristane:phytane ratio
averaged 56. The size of the pristane peak obscured the n—C,, peak; therefore, these two
hydrocarbons were quantified and reported together. However, pristane was by far the major
saturated hydrocarbon in the zooplankton samples analyzed. Total F1 concentrations were 1.9 to

5.95 ug/e.

No pronounced odd-carbon preferences were shown, and most samples contained complex
unresolved mixtures, which, again, suggests petroleum contamination. However, the predominant
class of hydrocarbons in this complex mixture may be composed of biogenic material rather than
the result of petroleum contamination.

The F2 (40% benzene in n-hexane) fractions contained naphthalene and biphenyl, several
biogenic olefins, unknown compounds, and several long-chain fatty-acid esters (wax esters). No
evidence of petroleum contamination of these samples could be shown.

The major hydrocarbon in the F2 fraction was squalene with values of 0.5 to 2.7 ug/g of
this hydrocarbon alone. Total F2 hydrocarbon concentrations were 6.2 to 15.2 ug/g. These data
agree with the SABP hydrocarbon analyses.

The QA/QC analyses done for sediment, macrofauna, and zooplankton confirm the
analytical results reported by Texas Instruments. Both laboratories reported the predominance of
biogenic hydrocarbons in macrofauna and zooplankton. The presence of this material in the F2
fractions made analysis for polynuclear aromatic compounds extremely difficult, necessitating the
use of GC-MS analyses and, because of the low levels involved, the use of selected ion scans to
identify any aromatic compounds present. The use of uniform methodology (through participa-
tion in the BLM Hydrocarbon Methodology Review Group) was a direct cause of the close
agreement between the two laboratories.
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SECTION 4
DISCUSSION

A predominance of odd-chain alkanes is generally found in living organisms, while the ratio
of odd:even-chain alkanes in petroleum is close to unity. Thus, some measure of the extent of
petroleum contaminations in a sample is given by the odd:even ratio of n-alkanes. However,
some organisms (e.g., certain bacteria) show no odd-chain predominance (Davis, 1968).
Therefore, an n-alkane odd:even ratio of unity is not sufficient by itself to indicate petroleum in
a sample. Most of the zooplankton from the South Atlantic OCS area have an odd:even ratio
greater than unity; many water and sediment samples have an odd:even ratio close to unity.

A. SURFACE-FILM HYDROCARBONS

The major hydrocarbon of surface film collected in the South Atlantic was the C;9 normal
alkane. In the North Atlantic OCS benchmark study (Boehm, 1977), the hydrocarbons of the
surface film showed a maximum at C,g; also, a significant unresolved complex mixture that
Boehm suggested was caused by small tar particles was observed in the hydrocarbons of the
surface film from this area. The hydrocarbon data from the South Atlantic surface films suggest
that this area has less petroleum in surface films than does the North Atlantic OCS area.

Ledet and Laseter (1974) collected surface samples off Florida and Louisiana and found an
n-heptane eluate to average 0.36 mg/m?. Resolved alkanes were only 35 ug/m?. Most of the
alkanes were branched and cyclic paraffins, but water below the surface was mainly normal
paraffins. In the summer, saturated hydrocarbons from surface films in the South Atlantic
averaged 0.27 mg/m? and n-paraffins were the predominant components.

B. WATER HYDROCARBONS

The averages and range of hydrocarbon concentrations in waters of the South Atlantic OCS
area are similar to those of the South Texas OCS area (Parker et al., 1975) and for the Eastern
Gulf of Mexico OCS area (Calder, 1977). In the South Texas and South Atlantic OCS areas, the
highest hydrocarbon concentrations have been noted in the spring and similar normal alkane
series have been observed in both waters, although the maximum in South Texas OCS waters was
the C,, alkane in spring and the C;, alkane in summer, whereas C,; and C,g were the major
alkanes in South Atlantic water. In the Florida Straits, the average water hydrocarbon concentra-
tions were 0.4 ug/l and 0.3 ug/l for dissolved and particulate hydrocarbons, respectively,
compared with averages of 0.5 and 0.4 ug/l, respectively, in the South Atlantic area. Squalene
was the major component in F2 for dissolved hydrocarbon from bottom waters of both the
Florida Straits and the South Atlantic. Calder (1977) reported that the major F1 particulate
hydrocarbon was the C,s alkane, which averaged 0.044 ug/l and that the major F2 particulate
hydrocarbon was squalene. South Atlantic OCS waters generally had C,, as the major alkane in
the particulates and C,s; the major alkane in the dissolved phase. In waters off Nova Scotia,
Gordon et al. (1978) found the C,; normmal alkane to be the most abundant saturated
hydrocarbon in the water. ’

The concentration of both dissolved and particulate hydrocarbons was higher in the New
England OCS area [30 ug/l and 0.9 ug/l, respectively, for dissolved and particulate hydrocarbons
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(Boehm, 1977)] than in the South Atlantic OCS area. Concentrations were higher in winter (30
ug/1) than in spring (12 pg/l), and particulate hydrocarbon concentrations were always higher
than dissolved hydrocarbon concentrations. A cursory view of the data suggests that, with

respect to hydrocarbons, waters of the South Atlantic OCS area resemble waters of the Gulf of
Mexico rather than waters of the North Atlantic OCS area.

Although a correlation between hydrocarbon concentrations and chlorophyll has been found
in waters of west Africa (Zsolnay, 1973), chlorophyll in the South Atlantic OCS correlated with
water hydrocarbons only during some seasons, suggesting that particulate and dissolved
hydrocarbons in this area are not completely derived from phytoplankton.

C. ZOOPLANKTON HYDROCARBONS

Pristane, an isoprenoid hydrocarbon with 19 carbons, and the C;; normal alkane were the
predominant hydrocarbons in South Atlantic OCS zooplankton. Pristane was the major
zooplankton hydrocarbon in the Eastern Gulf of Mexico, South Texas, and North Atlantic OCS
area (Boehm, 1977; Calder, 1977; Parker et al., 1975). Phytane, a 20-carbon isoprenoid hydro-
carbon, is always a minor component unless petroleum is present (e.g., small tar lumps caught in
the net). In the absence of petroleum, pristane:phytane ratios are often 50. Phytol, a long-chain
alcohol found in chlorophyll, is converted to pristane; since pristane is generally absent from
algae, the compound is a good zooplankton indicator.

D. SEDIMENT HYDROCARBONS

It is difficult to determine the absolute amount of petroleum hydrocarbons in the South
Atlantic area where biogenic hydrocarbons have much higher concentrations than petroleum.
Petroleum hydrocarbons can be distinguished from biogenic hydrocarbons by the presence of a
more complex mixture, a homologous series with an odd:even ratio near unity, and more kinds
of cycloalkanes and aromatic hydrocarbons. South Atlantic OCS sediments show little or no
unresolved complex mixture, an odd:even ratio generally exceeding unity, and only traces of
aromatic hydrocarbons.

Overton and Laseter (1978), reporting on the distribution of polycyclic aromatic hydro-
carbons in sediments from North Atlantic, South Texas, Mid-Atlantic, and Southern California
OCS areas, found aromatic hydrocarbons in all sediment samples taken from these areas; the
aromatic hydrocarbons included naphthalene, biphenyl, alkylated naphthalenes, fluorine,
phenanthrene, alkylated phenanthrenes, and pyrene. The concentration of these compounds in
the North and Middle Atlantic was mostly in the 1- to 100-ng/g range. The major aromatic
hydrocarbons detected in the sediments of the South Atlantic OCS were naphthalene, biphenyl,
phenanthrene, and pyrene. Overton and Laseter (1978) found that sediments from the Southern
California OCS area had higher polycyclic aromatic hydrocarbon concentrations than did those
from other regions and speculated that the high concentrations in this region may have been
caused by natural oil seeps.

Most of the hydrocarbon concentrations in the sediments of the South Atlantic OCS area
were low and uniform except at stations 7D and 7E off Daytona Beach, Florida. Nitrate
concentrations in the bottom waters of station 7D averaged 20 ug-at/l, whereas other stations.
along the other transects had a range of O to 2 ug-at/l. During the SABP winter cruise, heavy
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phytoplankton growth was noted in zooplankton tows along transect 7 (Lee, 1977b). Barber
(1977), in a quarterly report for the SABP, referred to the more or less permanent upwelling on

the shelf between Cape Canaveral and Jacksonville, and Green (1944) noted upwelling off the
northeastern coast of Florida in the vicinity of Daytona Beach.

Table 3.3-21 summarizes transect 7 sediment data. Station 7E sediment was characterized
by high silt/clay (average 30%), high total organic carbon (average 7,000 ug/g), and high
hydrocarbon content (average 4 ug/g). In the report by Barun Sen Gupta (Chapter 10 of this
volume), it is noted that 7E’s foraminifera mean density was much higher than at the other
stations and that the population was different from that at other stations. Another interesting
observation is of the commercial scallop beds off Cape Canaveral, which is in the same general
area. The 7E data suggest that the nature of this area’s unique sediment needs further
investigation.

E. MACROFAUNA HYDROCARBONS

All marine organisms that have been examined to date contain hydrocarbons, which
generally account for <1% of their body lipids; these are the so-called biogenic or ‘“‘natural”
hydrocarbons that are biosynthesized by plants and animals. The major components are generally
a series of normal and branched-chain alkanes. In all the fish collected from the South Atlantic
OCS during the SABP, the major branched-chain hydrocarbons were pristane and squalene, which
are also the major isoprenoid hydrocarbons in fish from other marine areas (Ackman, 1971;
Blumer, 1967; Kayama et al., 1969; Lambersten and Holman, 1963). Phytane is either absent or
present only in trace quantities. In the normal alkane series, the odd-numbered alkanes are
dominant.

When petroleum hydrocarbons are taken up by an animal, they are superimposed over the
biogenic hydrocarbon pattern. An unresolved envelope is generally noted in petroleum-
contaminated animals. An interesting study conducted by Rossi et al. (1978) compared the
hydrocarbons of sand crabs from a natural oil-seep area with those from cleaner offshore waters:
the oil-seep area crabs had a hydrocarbon concentration of 46 ug/g, an unresolved complex
mixture of 18 ug/g, and alkanes with an odd:even ratio close to unity; the offshore crabs had
hydrocarbon concentrations of 4 ug/g, an unresolved complex mixture of 0.3 ug/g, and a strong
odd-numbered-chain-length preference. Most of the animals collected from the South Atlantic
OCS during the SABP showed little or no unresolved complex mixture and an odd:even ratio
greater than 1.5.

The concentrations and types of hydrocarbons for macrofauna of the South Atlantic OCS
were similar to those of the South Texas OCS area (Giam, 1975)—and many of the same species
(e.g., squid and inshore lizard fish) were analyzed. The South Texas OCS saturated hydrocarbon
fraction had a series of normal alkanes in which the major components included C,s, Cy7, Cy,
and C;;. The major alkanes in North Atlantic OCS herring were Cyo, Cjs, Ca, and Cy
(Lambersten and Holman, 1963), whereas C;s and C,, were the major alkanes in herring
collected during the South Atlantic OCS study. Squalene and polyolefins appear to be the major
components of F2 hydrocarbons in marine invertebrates from the various OCS areas (Rossi et al.,
1978; Giam, 1975).
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Season

Winter

Spring

Summer

Fall

aSediment particle size smaller than 40 (<31.3 um).

Table 3.3-21. Summary of Sediment Data for Transect 7

Station

7C
7D
7E
7F
7C
7D
7E
7F
7C
D
7E
7F
7C
7D
1E
7F

Fl

0.44

0.90
0.42
0.19
7.16
1.44
0.42
0.43
0.43
311

0.33
0.88
2.51
0.58

Concentration (ug/g)

F2

0.27
0.86
0.20
0.24
0.32
6.77

0.18

0.45
0.19
1.28
0.26
0.66
1.19
0.86

Total Organic
Carbon

2,027
9,500
162
557
115
4,300
10s
960
6,100
8,500
420
610
8,100
5,200

Pan?
(%)

0.6
51
28

24
14
0.3
2
27
16
0.1
2
27
23

Depth

(m)

21
43
226
536
21
44
256
485
22
45
180
467
23
44
225
545
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SECTION 5
CONCLUSIONS

Surface-film hydrocarbons were a mixture of ship contaminants with some terrestrial
input of C,3 to C,9 n-alkanes.

Particulate hydrocarbons in water were higher in the winter and spring (0.5 and 0.7
ug/D) than in the summer and fall (0.2 and 0.1 ug/l).

Particulate hydrocarbon concentrations were significantly correlated with zooplankton
hydrocarbons, suggesting that some of the particulate hydrocarbons are derived from
zooplankton, possibly through the zooplankton feces.

Total dissolved hydrocarbon concentrations during winter, spring, summer, and fall
averaged 0.4, 0.4, 0.4, and 0.3 ug/l, respectively, indicating no seasonal influence for
dissolved hydrocarbons. A series of n-alkanes from C;4 to Cjz, was observed in the
saturated hydrocarbon fraction, with C;4 and C,s as the principal components. There
were few or no unresolved complex mixtures and the odd-chain-length:
even-chain-length ratio was generally near unity.

In some seasonal samples, total dissolved hydrocarbons, F1 hydrocarbons, and
dissolved pristane correlated with particulate organic carbon, dissolved organic carbon,
.and chlorophyll. Also, in some samples, total dissolved hydrocarbons, F1 dissolved
hydrocarbons, and dissolved pristane correlated with total zooplankton hydrocarbons,
F1 zooplankton hydrocarbons, and zooplankton pristane. This can be explained as
conversion of phytol to pristane during metabolism of chlorophyll by zooplankton.

Zooplankton hydrocarbons showed a reversed relationship over season to that shown
for particulate hydrocarbons, with an order of magnitude lower average values in the
winter and spring compared with those in the summer and fall (Table 3.3-10). The
concentration of total zooplankton hydrocarbons, F1 hydrocarbons, and pristane
during winter and summer correlated with the abundance of the copepods Paracalanus
and Clausocalanus. The abundance of the decapods and copepods Centropages and
Eucalanus correlated with the concentration of zooplankton pristane.

Sediment hydrocarbon concentrations were very low in all sediment samples except
those taken at stations 7D and 7E. The average concentration for all stations for four
seasons was 0.6 ug/g. The range was 0.04 to 2.2 ug/g, with most samples in the 0.1- to
1.0-ug/g range.

The major saturated sediment hydrocarbon was generally the n—C,, alkane. Other
important saturated components were n—C,q , pristane, and phytane. The average ratio
of odd-numbered alkanes to even-numbered alkanes was 2; the average ratio of pristane
to phytane was 1.5, with many sediment samples having ratios of unity or less. There
was little or no unresolvable complex mixture in most sediment samples.

Generally, the unsaturated (F2) sediment hydrocarbons were biogenic olefinic
hydrocarbons such as squalene or the polyunsaturated 21:6 hydrocarbon. Low levels of
aromatic hydrocarbons could be detected in some samples by GC-MS, but not by GC
alone because of their low concentrations and interference from biogenic olefinic
hydrocarbons.
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The major aromatic hydrocarbons detected were biphenyl, phenanthrene, naphthalene,
and pyrene; there were trace amounts of perylene, chrysene, dimethylphenanthrene,
methylphenanthrene, trimethylbiphenyl, methylfluorene, tetramethylnaphthalene,
diphenylethane, trimethylnaphthalene, and methylbiphenyl in some samples. Silicones
and plasticizers were also detected in some samples.

Concentrations of sediment hydrocarbons were significantly correlated with several
sediment characteristics (size parameters, total organic carbon) and with near-bottom
particulate hydrocarbons.

Highest macrofauna and demersal fish hydrocarbon concentrations were found for
Synodus poeyi (offshore lizard fish), averaging 43 ug/g in saturated (F1) and 32 ug/g
in aromatic (F2) fractions. The principal saturated hydrocarbons were pristane, n—C,,,
and n—C,s, which averaged 4.3 and 18 ug/g, respectively. The principal component of
F2 hydrocarbons was squalene, which averaged 15 ug/g. There were no significant
differences in the hydrocarbon concentrations in the same species among the four
seasons.

Synodus foetens, the inshore lizard fish, had much lower hydrocarbon concentration
than did Synodus poeyi: the saturated hydrocarbon concentration averaged 6 ug/g and
the F2 hydrocarbons averaged 8 ug/g. '

The sand perch Diplectrum formosum, was widely collected and had a low hydro-
carbon concentration, averaging 3 ug/g saturated hydrocarbon concentration. An
occasional high or low value was observed for hydrocarbon concentrations in samples
from one station, e.g., for sand perch at certain stations along transect 4. Further
study with more samples over a longer time would show if animals from certain
stations had consistently high or low hydrocarbon concentrations.

For most of the benthic invertebrates, the range of saturated hydrocarbon concen-
trations was from 5 to 30 ug/g; by comparison, most fish fell in the range of 2 to 40
ug/g. The sea cucumber Holothuria imperator-arenico was the invertebrate with the
highest hydrocarbon concentrations (total averaging 84 ug/g) with a range of 6 to 293
ug/g—probably because this deposit feeder derives some hydrocarbons from the
sediment.

Among the invertebrates, squid were consistently collected during all seasons and at
most stations: total hydrocarbon content averaged 17 ug/g, except for samples from
station 7C. Pristane, n—C,7, and n—C,s accounted for most of the saturated hydro-
carbon fraction in squid. Squid from station 7C in the fall had an F1 hydrocarbon
concentration of 302 ug/g. The major hydrocarbon components of fraction 2 were
squalene and several polyunsaturated olefins. Total sediment hydrocarbon, FI
hydrocarbon, and sediment pristane correlated with squid hydrocarbon concentrations.

The hydrocarbon concentrations of Urophycis regius, Decapterus punctatus, Synodus
foetens, Sicyonia brevirostris, and Ovalipes stephensoni showed no significant
correlations with hydrocarbon concentrations of sediments and near-bottom
particulates. Whether Loligo pealei and Synodus poeyi can be used to monitor
hydrocarbons in sediment or near-bottom particulates remains to be determined
through future investigation.
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Although gas-liquid chromatography/mass spectrometry was used to analyze 35 F2
hydrocarbons in macrofauna samples, aromatic hydrocarbons were detected in only a
few samples by a selected ion scan of the data. (The amounts present were too low to
show up in the gas chromatograms or in the normalized total ion chromatograms.) The
primary aromatic hydrocarbons in these macrofauna samples were naphthalene and
phenanthrene.

In all samples analyzed for this task of the program, little evidence for the presence of
petroleum contamination was found.
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SECTION 6
RECOMMENDATIONS FOR ADDITIONAL STUDIES

Dispersion or modification of oil in the ocean depends on various biological, chemical, and
physical processes (e.g., winds, waves, and currents). In the South Atlantic OCS, nearshore
hydrographic conditions are characterized by a boundary, or turbid zone, located approximately
15 km offshore; currents inside this zone are regulated largely by tidal forces. The existence of
this zone suggests several questions:

(1) If oil is released outside the boundary and is transported shoreward, what exchanges of
water (and, hence, oil) occur between the two areas?

(2) If the oil is released in the turbid zone, will the fine sediments and associated oil be
transported shoreward to the coastal estuaries?

Specific research problems that can be formulated in response to the above questions include the
following:

(1) Exchange and diffusion rates of water between near and offshore zones
(2) Character and gradient of suspended particles in these zones
(3) Ability of suspended particles in these waters to adsorb petroleum components.

Other studies should be carried out to evaluate the importance of biodegradation, volatilization,
photochemical degradation, and sedimentation as they affect the fate of oil in both the waters
and sediments of the South Atlantic OCS.

No faults such as those occurring on the western coast of the United States extend into the
Atlantic outer continental shelf, so no natural oil seeps have been discovered in this area (Travers
and Luney, 1976). Subsurface processes are highly improbable along the Atlantic continental
shelf because of its geological history. Travers and Luney (1976) have suggested that this is the
safest region in U.S. ‘“domestic and offshore waters for the development and production of
petroleum resources.” During the drilling and recovery of petroleum, hydrocarbons in the
formation water (brine) are released into the environment, but input of petroleum hydrocarbons
into the South Atlantic OCS area from such activity should be detectable since present levels of
petroleum in the water, sediment, and biota of this area are extremely low. In summary, it is
believed that this 1-year study of hydrocarbons in this OCS area will provide preliminary
hydrocarbon data that will be useful in future studies of the area.
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ABSTRACT

Results of analyses of trace metals in water, suspended sediments,
zooplankton, bottom sediments, macroinvertebrates, and demersal fishes
on the outer continental shelf of the southeastern U.S. as part of BLM’s
South Atlantic Benchmark Program (SABP) are discussed in relation to
previous studies and the data are interpreted in relation to seasonal and
geographical variations.

Generally, analyses of water-column components, particularly total
water samples and suspended sediment samples, suffer from sampling and
analytical problems that are typical of the state of the art. Results of
zooplankton analyses, however, appear to be consistent with previous
results and show little seasonal variation. Trace metal concentrations in
shelf benthic sediments appear to be more homogeneous and lower than
concentrations in slope sediments; most of the trace metals appear to be
associated with weak acid-soluble phases of the sediment. Concentrations
of trace metals in macroinvertebrates and demersal fishes vary over a wide
range. Concentrations appear to follow both normal and log-normal
distribution patterns.
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SECTION 1
INTRODUCTION

The basic purposes of analyzing trace metals in water, sediment, and biological samples
collected during the South Atlantic Benchmark Program were to determine ranges and trends and
to determine how useful the results are for comparison with later data.

The components of the South Atlantic OCS system that were sampled and analyzed for
trace metals during this study were the total water column, suspended sediments and
zooplankton, benthic sediments and macroinvertebrates, and demersal fishes. All reduced data
pertinent to the discussion appear in the 3.4 appendixes in Volume 6.

A. STATE OF KNOWLEDGE
1. Water Column

Considerable trace metal research has been conducted over the past several years in the
South Atlantic OCS region, but much of this has pertained to concentrations in the water
column and input processes that affect these concentrations. Most of this work has been
conducted by Windom and coworkers at the Skidaway Institute of Oceanography, Savannah,
Georgia.

Since Windom and Smith (1972) determined concentrations of Cd, Co, Ni, and Zn in
continental shelf waters of the study area, and these results indicated that excursions of the Gulf
Stream may affect metal levels in shelf waters, additional studies of offshore areas have addressed
input mechanisms to shelf waters and regional variations in trace metal concentrations. Windom
et al. (1975) investigated seasonal variations in surface-water mercury concentrations in the
Georgia Bight; mean values for different seasons varied significantly, and these authors suggested
that atmospheric input was responsible. More recently, Windom and Taylor (1978) reevaluated
this possibility but could not unequivocally confirm this conclusion. They did point out,
however, that atmospheric input of mercury is probably as inportant as river input. They
suggested that Gulf Stream intrusion was the major mechanism that controlled Hg concentrations
in continental-shelf water.

The concentration of the major forms of arsenic in waters of the continental shelf, Sargasso
Sea, and Gulf Stream was determined by Waslenchuk (1977), who found that As(V) was the
predominant form of arsenic and that its concentration varied around 1 ug/l. Dimethylarsenic
was detected in most samples but represented a small percentage of the total arsenic. The second
must abundant species was As(III), which varied with respect to As(V) in a way that suggested
biological mediation since surface productive waters had the highest reduced arsenic
concentrations.

Windom and Smith (1978a) found that concentrations of copper in surface waters vary
regionally. Windom and Smith (1978b) also determined concentrations of Cu, Ni, and Zn in shelf
waters, estimating the relative importance of various transfer pathways (i.e., rivers, atmosphere,
and Gulf Stream intrusions) and concluding that the most important input mechanisms for these
metals is intrusions.
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It is clear from past studies that.Gulf Stream intrusion exerts the major influence on levels
of trace metals in shelf waters. Since shelf waters have a residence time of about 2.7 months
(Atkinson et al., 1978), it is unlikely that total metal concentrations in the water column will
reflect local inputs unless they are quite large.

2. Suspended Sediment and Zooplankton

Before the SABP study, there were no data on concentrations of trace metals in suspended
sediments in the study area. Some data existed on concentrations of Cd, Cu, Pb, and Zn in
zooplankton collected from the region (Windom, 1972), but it was of questionable quality since
some samples had been contaminated with paint chips. However, results of mercury analysis of
zooplankton samples by Windom et al. (1973), which indicate increased levels near shore, appear
to be reliable.

Although there is little current information on trace metal concentrations in suspended
sediments and zooplankton from the study area, research in other regions has clearly indicated
the importance of these components in the transport of trace elements in the marine environ-
ment. Zooplankton, for example, had been shown to transport trace elements through vertical
migrations across mixing barriers (Pearcy and Osterberg, 1967), moulting of exoskeletons (Fowler
and Small, 1967), sinking of skeletal structures after death (Arrhenius, 1963), incorporation of
elements into fast-sinking fecal pellets (Osterberg et al., 1963), and passage of elements to a
higher trophic level (Osterberg et al.,, 1964). Trace metal concentrations in suspended matter,
both biogenic and terrigenous, may be elevated because of chemical processes such as chelation,
adsorption, precipitation, and flocculation; and small marine zooplankton often adsorb or ingest
this material, concentrating the metal ions and transporting them to benthos or higher in the
food chain.

The concentration of trace metals in zooplankton may vary because of the amount of the
element available (Goldberg, 1957), the temperature and salinity of surrounding waters (Duke et
al., 1969), population turnover rates (Martin, 1970), or the physiological state of the organisms
(Haywood, 1970). Zooplankton populations will show further differences in elemental
composition since each population can consist of up to 12 phyla with differing morphologies and
trophic levels. Moreover, each species may exhibit vastly different chemical contents (Nicholls et
al., 1959).

3. Bottom Sediments

Bottom sediments on the South Atlantic OCS are predominantly composed of coarse-
grained calcareous and silicate sands (Pilkey et al., 1969; Field and Pilkey, 1969). Recent
sedimentation on the shelf is restricted to the nearshore area out to a depth of approximately 10
m along the Georgia coast (Pilkey and Frankenberg, 1964).

As Volume 5 of this report indicates, Holocene sediments cap all other sediments out to at
least the shelf edge. Below that depth, Miocene and Paleocene sediments predominate. These
continental slope sediments are mostly composed of finer grained materials.
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Since, on the whole, the shelf is relatively undisturbed and represents relict deposits, very
little work has been conducted on their trace metal levels. Recently, however, trace metal studies
by the USGS were conducted on 115 cores from this general area (M. Bothner, personal
communication). These data are contained in Volume § of this report.

4. Macroinvertebrates and Demersal Fishes

The few studies of the concentrations and distributions of trace metals in macroinverte-
brates of the study area have focused on inshore species although studies such as those of
Windom (1972), Wolfe et al. (1976), and Kendall (1978) did consider species such as penaeid
shrimp and other nektonic invertebrates that are also present in offshore waters. Because of the
migratory nature of these species, however, results are questionable in terms of establishing a
characteristic trace metal concentration for the biota of this region.

There has also been limited research on concentrations and distributions of trace metals in
fin fish but with little emphasis on demersal species, although studies by Windom et al. (1973)
and Cross et al. (1973) contained some results of trace metal analyses on fin fish such as
Centropristes striatus, Decapterus punctatus, and Lagodon rhomboides, all common offshore
demersal species.
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SECTION 2
MATERIALS AND METHODS

Trace metal analyses of zooplankton, suspended matter, sediments, and benthic organisms
were carried out by atomic absorption spectrophotometry and neutron activation using the
methodologies cited in Volume 2 of this report.
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SECTION 3
RESULTS

A. WATER COLUMN (TOTAL TRACE METAL CONCENTRATIONS)

During the SABP study, water samples were collected from the surface at six stations (1D,
3D, 5B, 5E, 5G, and 7D) on each of four seasonal cruises in 1977 and analyzed for cadmium,
chromium, copper, iron, lead, nickel, and zinc by atomic absorption spectrophotometry. The
results of these analyses are presented in Appendix 3.4B of Volume 6.

In most cases, cadmium, chromium, and nickel were below detection limits (approximately
0.038, 0.063, and 0.2 ug/l, respectively). Copper, iron, lead, and zinc were generally higher than
expected. Copper concentrations, for example, ranged from 0.60 to 12.5 ug/l, whereas the mean
value reported by Windom and Smith (1978b) for waters in the Georgia Bight was 0.17 +0.06
ug/l; likewise, the SABP’s reported range for zinc concentration was 3.78 to 33.3 ug/l, which was
higher than the mean value of 1.40 £0.2 ug/l reported by Windom and Smith (1978b).

These results make it clear that water samples for total trace metal analysis were
contaminated for copper, iron, lead, and zinc. The data are, therefore, of little use for future

comparisons.
B. ZOOPLANKTON TRACE METAL COMPOSITION

Zooplankton, important members of marine food webs, are predominantly filter feeders
that use suspended particulates for energy. They have been found to indiscriminantly use
particles ranging in size from 1 to 50 um and to effectively sweep water volumes ranging from
72 to >2000 mi/24 hr/mg dry weight (Jorgenson, 1966). Manheim et al. (1972) emphasized the
importance of filter-feeding zooplankton for the extraction of biogenic and terrigenous particles
from the upper layers of the ocean to form larger, rapidly settling fecal aggregates. Other authors
have also noted the potential importance that zooplankton fecal pellets and other metabolic
products might have in transporting trace elements (Fowler, 1977), radioactive nuclides (Higgo et
al., 1977), and other particulates both in and through the deep ocean to the sediment/water
interface (Smayda, 1971; Schrader, 1971; Honjo, 1977). This evidence would indicate that
zooplankton could be instrumental in effecting the distribution of suspended matter and,
therefore, trace elements in the hydrosphere. Little work has been done, however, to evaluate
whether changes in the composition of suspended matter affect the trace metal composition of
zooplarkton.

To evaluate seasonal changes in their chemical composition, zooplankton were collected in
the winter, spring, summer, and fall of 1977 in the southeastern Atlantic Bight. On each cruise, a
single sample was taken in 202-um and 505-um nets (method detailed in Volume 2) at station D
on transects 1, 6, and 7 and at station E on transects 2, 4, and 5 of the continental shelf (Figure
3.4-1). Also, to evaluate the variability in the zooplankton trace metal composition and to
establish some limits for changes in composition from one location to the next, which might be
considered statistically significant, four time-series stations were sampled. The multiple-net tows
were made at stations E and I on transect 5 and at stations D and H on transect 6 (Figure
3.4-1); at each of the latter two stations, seven samples were taken.
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From concentrations of cadmium, chromium, copper, iron, lead, nickel, and zinc in
zooplankton from the southeastern Atlantic Bight (Volume 6), it was apparent that there were
large variations in trace metal composition for materials collected on transects 1, 2, 4, 5, 6, and
7 during winter, spring, summer, and fall and during the summer time-series cruises on transects
5 and 6. Variation in the elemental composition of zooplankton was not expected since different
zooplankton species can have very different elemental contents (Nicholls et al, 1959) and may
have different means with which to concentrate a particular element. The rates of uptake via
these pathways, in turn, depend on the amount of a given element available for uptake
(Goldberg, 1957), various physical factors such as temperature and salinity (Duke et al, 1969),
population turnover rates (Martin, 1970), and the physiological state of the organisms [e.g., the
difference between senescent and growing diatoms (Gross and Zuethen, 1948; Hayward, 1970)].

The mean elemental composition of zooplankton from the southeastern Atlantic Bight is
presented in Table 3.4-1 and compares most favorably with results reported by Martin and
Knauer (1973) for the open Pacific and by Betzer et al. (1976, 1978) for the eastern Gulf of
Mexico, although there are some obvious discrepancies. The mean concentrations of lead and
zinc in zooplankton were less than half those reported by all other investigators. In addition, the
mean concentrations of cadmium, chromium, copper, iron, and nickel were the lowest that have
been reported. Normally, this would be an indication that the other investigators contaminated
their samples and that SABP sampling had been done more carefully; unfortunately, however,
the recoveries of cadmium, chromium, copper, lead and nickel from National Bureau of
Standards bovine liver and orchard leaves were either so variable or so low that no such claim
can be made (Volume 2). Given this situation, there is no basis for further discussion of the data
for these five elements. The only elements for which there were consistently good recoveries
from NBS standards were iron and zinc. Thus, these are the ones that it is reasonable to compare
with previously published works that present analytically sound data.

Table 3.4-1. Comparison of 1977 SABP Zooplankton Metal
Concentration With Other Studies

Averages (ppm dry weight)?

Study Cd Cr Cu Fe Ni Pb Zn
SABP (T1, 1977) 2.8 0.8 7.2 92 2.6 094 37
Eastern Pacific 2.3 <1 11.5 100 8.4 21 180

(Martin and Knauer, 1973)

South Texas OCS 29 5.6 134 725 4.6 8.0 103
(Horowitz and Presley, 1977)

Eastern Gulf of Mexico OCS 7.1 0.8 18.0 222 2.8 2.2 -
(Betzer and Peacock, 1976)

Clyde Sea 1.0 - 16.2 - - 15.0 228
(Topping, 1972)

Eastern Gulf of Mexico OCS 2.2 0.8 - 146 3.2 3.9 76
(Betzer et al., 1978)

3Averages for material collected in 202-um nets.
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Table 3.4-2. Mean Metal Concentrations and Single Standard Deviations for Zooplankton Collected
in 202-um Nets During Time Series, Summer 1977

Concentration (ug/l)

Station Ccd Cr Cu Fe Ni Pb Zn
SE 0.40+ 0.36 1.2+ 25 10.0+ 4.6 74 + 59 4.2+ 2.7 0.44 + 0.32 42+ 14
(0.75) 0.52) (1.1 (141) (4.0) (0.41) (38)
51 0.16 + 0.13 044+ 0.15 11.3+ 5.3 96 + 56 5.7+24 0.87+ 0.99 40+ 19
6D 0.32:0.30 0.46 + 0.28 79+ 1.1 49 + 11 3.4:03 1.3+ 1.5 30+ 18
(0.41) (0.13) 2.9) (103) (1.4) (0.44) Q2n
6H 0.26 £ 0.15 0.86 + 0.20 14.1+ 3.8 84 + 51 6.6+28 0.72+ 0.64 41+ 7

3yalues in parentheses are those gathered from a single sample during the regular summer sampling.

It is obvious from Table 3.4-1 that the mean iron and zinc levels for zooplankton from the
southeastern Atlantic Bight were the lowest ever reported. The iron and zinc data were examined
for seasonal and geographic trends but none were evident; in fact, no statistically significant
seasonal or regional trends were found when the data were examined quantitatively. We are
unaware of any reports of seasonal trends in zooplankton zinc concentrations, but Betzer and
Peacock (1976) reported large increases in zooplankton iron concentrations during the winter in
the Gulf of Mexico, ascribing the increased iron levels to increased levels of iron-rich suspended
matter that had been stirred up during winter storms. Given the large amounts of fine-grained,
iron-rich suspended matter that was present over the southeastern continental shelf during the
winter of 1977, it is surprising that no increases in zooplankton iron were noted.

The trace metal data from the zooplankton time series during summer 1977 are presented
in Table 3.4-2. Cadmium, chromium, copper, lead, and nickel are not discussed because of their
poor and variable recoveries. Iron and zinc single standard deviations about the mean averaged 58
and 38%, respectively. It is significant that the iron values for the single samples collected at
stations SE and 6D during the summer were higher than a single standard deviation above the
mean concentration in the time series. In contrast, there was good agreement between the mean
metal concentrations established during the time series and the concentrations noted during a
single_sampling at the same location during the summer.

The trace metal data for cadmium, chromium, copper, iron, lead, nickel, and zinc from
zooplankton gathered in 202- and 505-um nets were compared. No statistically significant
compositional difference was evident. Thus, the herbivores and carnivores caught in the two nets
had essentially the same trace metal concentrations (Table 3.4-3).

C. SUSPENDED SEDIMENTS
1. Suspended Particle Loads

Suspended particle loads can be valuable indicators of the various processes affecting their
horizontal, vertical, and seasonal distribution. The mean and single standard deviations for
surface and bottom suspended loads in inshore and offshore locations (Figure 3.4-2) on the
southeastern Atlantic continental shelf during winter, spring, summer, and fall 1977 are
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Table 3.4-3. Seasonal Zooplankton Trace Metal Mean Concentration

Concentration (ug/g)

Net

Mesh

(um) Season Cd Cr Cu Fe Ni Pb In
202 1 0 1.55 £0.65 54 +1.65 112 £100 0 0.69 +0.55 314 £16.5
505 1 0 1.18 £0.55 4.90 +2.05 49.7 +56.7 0 0.64 +0.46 34.2:18.4
202 2 2.17 £0.72 0.17 £0.07 16.2 +13.3 98.8 +23.4 1.79:1.53 2.10+2.50 40.7 £12.0
505 2 6.05 £5.24 0.16 +0.07 16.5 £+16.4 102 £37.2 1.35 +1.08 2.20 +3.80 45.5 +18.1
202 3 0.51 +0.20 0.32 +0.19 1.86 +0.95 94.5 +36.4 3.72£2.19 0.35:0.18 32.7 +18.3
505 3 0.57 £0.22 0.94 +1.20 1.66 +0.79 123 £+88.2 2.64 +1.37 0.29 +0.28 30.2 £10.3
202 4 5.67 +7.20 1.04 +1.51 542 257 74.5 t65.9 2.411+1.83 0.62:0.31 44.8 +20.8
505 4 4,97 £1.55 1.62 £1.72 4.20 £+1.99 94.6 +16.4 1.68 £+2.13 0.19 :0.04 50.6 £+17.7

presented in Table 3.4-4. Seasonal and regional trends were evident. Generally, the elevated
suspended loads in offshore locations during winter and spring appeared to be related to storms
and/or the impingement of the Gulf Stream on the outer shelf, which result in substantial
sediment/water interactions and subsequent resuspension of fine-grained bottom materials. While
storms can influence the concentrations of suspended matter in inshore areas (stations SA and
5B), it was apparent from the bottom-water nutrient data that the Gulf Stream never moved
very close to shore on transect 5 and appeared to focus its energy on the outer shelf. Thus, the
suspended particle loads in both surface and bottom waters were significantly higher (at the 95%
confidence level) during winter and spring than during the other seasons. In addition, there were
marked regional differences in suspended particle loads; for the most part, they reflected
nearness to shore. Thus, the inshore stations on transect 5 (A and B) always had much higher
suspended loads than did offshore stations. There are other inputs that are important determi-
nants of the concentration of suspended particles, however, including biological productivity,
river input, sediment/water interactions, and water masses—but these require chemical data for
resolution. They are discussed later.

During the winter and spring of 1977, there was evidence of increased suspended loads over
the entire outer shelf (Table 3.4-4). Suspended loads for winter and spring were shown to be
more than twice those found on the outer shelf during summer and fall. The difference between
the winter-spring and summer-fall means was significant at the 95% confidence level. In addition,
the suspended loads found on the inner shelf (stations SA and 5B) were consistently higher than
those for the offshore stations (Table 3.4-4); this was true for all seasons, but especially so
during spring when inshore salinities were low, indicating that the abundant suspended material
in surface waters was derived from terrigenous input.

The nitrate data from the water-column cruises provided evidence that the Gulf Stream had
moved over the outer shelf on at least one transect in all except fall sampling. It is important to
point out, however, that the Gulf Stream may have moved over the shelf in the fall but simply
was not present during the water-column sampling. The Gulf Stream’s presence was associated
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Table 3.44. Seasonal Averages of Suspended Particle Loads Over Southeastern Atlantic Continental Shelf

Averages (ug/D® f

Inshore® Offshore®
Season Surfaced Bottom® Surface Bottom
Winter 2,730 £ 1,708 3,116 £ 977 969 + 380 1,040 + 564
Spring 12,273 + 13,473 9,023 + 3,376 652 + 497 994 + 870
Summer 1,154 + 727 1,373 455 267+ 110 351+112
Fall 1,099 + 111 3,858 + 3,963 234+ 171 280 + 138

3Numbers following averages are single standard deviations about mean.
bStations 5A and SB.

CStations 1D, 2E, 2F, 3D, 4D, 4E, SE, 5G, 6D, and 7D.

dSurface samples gathered at 3m.

®Bottom samples collected from Sm above bottom.

fyalues accurate to +1 ug/t

with extremely high near-bottom suspended loads: for example, during winter and spring
samplings at station 7D when the Gulf Stream was present, near-bottom suspended loads were
2,525 and 3,158 ug/l, respectively; during summer and fall when the Gulif Stream was offshore,
near-bottom suspended loads dropped to 255 and 362 ug/l, respectively. The nine- to tenfold
changes in suspended loads imply that the Gulf Stream is an active erosional force that moves
substantial amounts of material seaward during its onshore-offshore cycles over the shelf. Then,
too, there is some supporting evidence for this interpretation from the seasonal sediment
grain-size analysis at station 7D; there, the weight percent of material in the 3¢ and 4¢ fractions
dropped significantly between the winter and summer samplings. This trend toward decreasing
fine fractions in surface sediments between winter and summer was observed also in the 3¢ and
4¢ fractions of surface sediment at stations 1D and 2E; these too were locations where the Gulf
Stream impinged on the shelf in either winter or spring.

In marked contrast to the substantial seasonal changes in the fine fractions on the outer
shelf, no change was indicated on the inner shelf (station 5B): there was no perceptible change
in the 3¢ or 4¢ fraction between summer and winter. This is consistent with our hypothesis
about the Gulf Stream as a causative agent, as it never reached this location during any of its
shoreward incursions. Thus, surface sediments on the outer portions of the southeastern Atlantic
continental shelf that are impacted by the Gulf Stream display seasonal changes not evident on
the inner portions of this shelf that are outside its direct influence. It is important to note that
some of the seasonal grain-size variability for outer-shelf locations could be because the sedi-
ments, sampled at somewhat different locations, displayed significant variations in the 3¢ and 4¢
fractions. While this may have contributed to the changes noted, it would be remarkable if these
random changes corresponded with known physical events.

Seasonal changes in suspended particulate matter were noted also at stations such as 1D and
6D where there was never any evidence of Gulf Stream intrusions; however, the average increase
in suspended matter at stations 1D and 6D was approximately twofold instead of the nine- to
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tenfold differences in suspended matter in near-bottom waters at station 7D between winter-
spring and summer-fall samplings. This emphasizes that sediment/water interactions characteristic
of the winter-spring period were accentuated by Gulf Stream intrusions.

In summary, seasonal and regional differences were found in suspended loads on the South
Atlantic OCS in 1977. The three major sources of suspended material in this area are:
sediment/water interactions (including storms and Gulf Stream intrusions), river inputs, and
biological productivity. As noted previously, the large suspended loads found over this extensive
continental shelf during winter and spring were probably the result of intense sediment/water
interactions during storms and Gulf Stream incursions. However, gravimetric data can be used
only to infer a probable source of any suite of particles. Chemical analysis is needed to
discriminate the most important sources of particle suites.

2.  Suspended Sediment Composition

The data for suspended matter composition (Volume 6) show some major changes between
winter-spring and summer-fall samplings. These seasonal differences and trends are evident also in
the compositional data for suspended material over the southeastern continental shelf. As in the
case of the zooplankton trace metal analyses, the suspended particulate matter analyses must be
viewed in the context of elemental recoveries from standard materials. After an exhaustive
examination of the available data on standards and samples (Volume 2), the most conservative
position was to use particulate aluminum only as representing the environment in question; the
other data were suspect because of problems with our analytical precision and accuracy or
simply because the concentrations were below the detection limit for the method employed
(Volume 6). In addition, as has been discussed in Volume 2, the lack of agreement between
atomic absorption and neutron activation analyses of the same sample (zinc is the only
exception) rendered other neutron activation data on suspended particulate material unusable.
This indicates that the suspended particulate trace metal data must be viewed with serious
suspicion. These data must be subjected to the test of future work to determine their accuracy.

Tables 3.4-5 and 3.4-6 present data for particulate aluminum and particulate organic carbon,
respectively. Regionally, concentrations of particulate aluminum were always higher in suspended
material from the inner shelf than in samples from the outer shelf; in contrast, particulate
organic carbon tended to be higher on the outer shelf than on the inner shelf. This is consistent
with the work of Manheim et al. (1970) in surface waters of this same area. Simply, the
organic-rich matter on the outer shelf was not diluted by the terrigenous input that dominated
inner-shelf waters. The smallest contrast in particulate organic carbon was noted during the
winter when physical processes (storms and intrusions) were the primary controls over the
distribution and composition of suspended matter. During the period of highest freshwater input
to the shelf (spring), there was a large difference (16 fold) between inner and outer shelf waters
because .the inner shelf was dominated by aluminosilicates; POC near shore averaged 2.5%, versus
17% on the outer shelf.

Particulate organic carbon also showed seasonal trends: both inner and outer shelf samples
had low POC percentages in the winter-spring period and highs during summer-fall. This was a
reflection of decreasing sediment/water interaction and freshwater input, as well as the increasing
importance of biological activity to suspended matter over the shelf during summer-fall.
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Table 3.4-5. Seasonal Averages of Particulate Aluminum Concentrations
in Inner- and Outer-Shelf Locations Over South Atlantic Continental Shelf

Averages (ug/1)?
Inner Shel® Outer Shelf®
Season Surface Near Bottom Surface Near Bottom
Winter 974 + 433 929 + 185 153 + 100 163 £ 95
Spring 2,692 ¢ 2,939 2,160 £ 2,135 164 + 50 135+ 84
Summer 14+ 12 1811 26+ 1.6 1.9+ 1.5
Fall 33x17 18+ 11 34:14 25+1.3

3Data presented as mean plus or minus a single standard deviation.
bStations SA and SB.
CStations 1D, 2E, 2F, 3D, 4D, 4E, 5E, 5G, 6D, and 7D.

Table 3.4-6. Seasonal Averages of Particulate Organic Carbon at Inner- and Outer-Shelf Locations
Over South Atlantic Continental Shelf

Averages (%)
Inner Shelf® Outer Shelf®
Season Surface Near Bottom Surface Near Bottom
Winter 5.2x3.5 3.7+ 0.7 8.0t 4.7 8.2+ 4.9
Spring 29+24 22+0.2 19.7 + 11.1 14.8 £ 12,7
Summer 159+ 6.9 17.1 £ 0.6 34112 40.5 = 21.8
Fall 344175 1511 77 £ 42 55+20

AData as percent of total suspended load plus or minus a single standard deviation,
bStations 5A and SB.
CStations 1D, 2E, 2F, 3D, 4D, 4E, 5E, 5G, 6D, and 7D.

Unfortunately, since neither weak acid-soluble calcium (an indicator of coccolithophores)
nor amorphous silica (an indicator of diatoms) was measured, it is not possible to determine
phytoplankton contribution to suspended particle composition in the Georgia Bight.

The Gulf Stream intrusions during winter and spring at station 7D had a major effect on
the suspended load as well as on the suspended particle composition. The particulate aluminum
data for the near-bottom samples represented 8.9 and 8.6%, respectively, of the total suspended
load, showing that substantial amounts of bottom sediment were stirred up during the winter
and spring. The corresponding values of particulate aluminum in near-bottom waters during
summer and fall were 0.15 and 0.30%, respectively. Thus, approximately 30 times more clay was
in suspension while the Gulf Stream was present. As expected, near-bottom POC values dropped
at station 7D during the winter and spring intrusions (<1% and 2.5%, respectively), whereas
summer and fall values were 29% and 36%, respectively. Although the seasonal data set is
incomplete, station 3D showed the same relationship between Alp, POC, and Guif Stream
intrusions.
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Inshore regions (stations 5A and 5B) of the southeastern Atlantic shelf were not influenced
by the Gulf Stream; intrusions seemed to be restricted to the outer shelf. There were some
interesting seasonal changes in suspend matter composition, however, and there was good
evidence that the concentrations and composition of suspended matter during winter-spring were
quite. different from summer-fall (Tables 3.4-5 and 3.4-6). On the average, concentrations of
particulate aluminum were 50 to 100 times greater during winter-spring than during summer-fall.
This is consistent with what is known of the atmospheric and hydrologic character of this
continental shelf, which changes markedly from winter-spring to summer-fall. First, storms are
prevalent during winter and spring, causing major sediment-water interactions; this has been
noted in the seasonal distributions for the outer portions of this continental shelf. In addition,
the hydrologic cycle, that brings large volumes of fresh water to the shelf during the winter-
spring period (see salinity data in Volume 6), also accentuates the contrast between winter-spring
and summer-fall samples. It is well known that surface seawater is depauperate in particulate
aluminum and that fresh water carries large concentrations of aluminum-rich terrigenous material.
Salinity distributions during the four seasonal samplings clearly showed that the maximum
freshwater input to the southeastern shelf occurred in the winter-spring period. It is not
surprising, therefore, that the concentrations of particulate aluminum were extremely high during
winter and spring and low during summer and fall.

The impact of winter storms and freshwater inputs on the inner shelf was evident also in
the particulate organic carbon data (Table 3.4-6): when freshwater input was high and there was
a pronounced atmospheric interaction with the ocean, inorganic-rich material dominated
suspended particle suites; when these inputs and interactions decreased (i.e., summer-fall), the
inner-shelf system was dominated by organic materials reported by Manheim et al. (1970) to
dominate suspended particle loads in these waters.

D. BOTTOM SEDIMENTS

Bottom sediments were collected at 25 stations on transects 1, 2, 5, and 7 (Figure 3.4-3)
during each of the four seasons in 1977. Six box cores were taken at each station, and subcores
from each were pooled for trace metal analyses. Once during the study, subcores from all six
box cores collected at a given station were analyzed separately. All samples were analyzed for
trace metals in the weak acid-soluble fraction of the sediment; only 25% of the samples were
analyzed for total metal content. All data for trace metal concentrations in sediments are
presented in Appendix 3.4D of Volume 6.

The results (Table 3.4-7) suggest that metal levels generally are relatively similar at all shelf
stations but that slope stations have higher concentrations of cadmium, chromium, iron, and
nickel. The results for vanadium show an order-of-magnitude decrease in concentration between
spring samples and summer samples, suggesting an analytical artifact. Aluminum results show a
relatively wide variability as well, possibly also because of analytical procedures, since both of
these elements were determined by neutron activation analysis (NAA). Barium in all samples was
below detection by NAA (<50 wg/g). Calcium, which was determined only in fall samples,
ranged from 0.4 to 26%, exhibiting highest concentrations on the more southerly transects.

Most of the trace metals showed a strong correlation with grain size or percent clay and silt
(pan fraction), which are related (Appendix 3.4D). Metals also correlated with bottom depth, to
which grain size is related. For example, a plot (Figure 3.4-4) of the average percent clay and silt
in sediments by station for the four sampling transects indicates that slope stations generally had
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Transect Station® Cruise

1 B 2
C 2
D 2
E 2
F 2
2 B 3
C 2
D 2
E 2
F 2
G 2
H 2
5 B 3
C 3
D 3
E 3
F 3
G 3
H 3
I 3
7 B 3
C 3
D 3
E 3
F 4

a8ix subcores each station.

Aluminum®¢

(ug/g)

3.5:0.5
2.2+:0.2
0.9+0.8
25+0.5
0.2+ 0.6

0.3+0.3
1.6 £ 0.7
36+0.6
1.2+ 0.7
1.1:£0.1
13.8: 9.0
0.8

0.08 + 0.04
0.08 + 0.03
0.10 £ 0.04
0.14 £ 0.07
0.10 + 0.01
0.11 £ 0.04
0.18 £ 0.05
1.1+0.5

0.18 +0.04
0.10 £ 0.06
0.09 £ 0.15
0.04 £ 0.10
0.82+0.17

Table 3.4-7. Acid-Soluble Trace Metals in Bottom Sediments

Cadmium®
(ug/g)

0.022 + 0.011
0.024 = 0.007
0.021 + 0.009
0.031 = 0.005

0.048 + 0.016

0.032 £ 0.020
0.010 + 0.004
0.011 + 0.004
0.022 + 0.010
0.021 + 0.008
0.039 + 0.019
0.074

0.027 £ 0.015
0.050 £ 0.014
0.040 + 0.018

. 0.039£0.011

0.023 = 0.009
0.025 £ 0.013
0.023 + 0.018
0.145 + 0.088

0.038 £ 0.013
0.023 £ 0.016
0.015 + 0.003
0.023 + 0.007
0.184 + 0.081

bAnalyzed by atomic absorption spectrophotometry.

CAnalyzed by neutron activation analysis.

Chromium

b
(ug/8)

4.2+0.6
3.5+0.2
25+25
53+0.8
8.9

1.1+0.3

23:1.1

3.5+1.7

39:24

6.1:1.6

5.3:21
13.1

0.5+0.2
1.5+0.2
3.7+1.1
4015
3.7£0.3
6.0+ 0.8
11.2x1.1
20.1 £ 16.6

3715
3334
2429
1.6 21
110+ 2.0

Mean and Standard Deviation (Dry-Weight Basis)

Copper®
(ug/g)

0.70 £ 0.64
0.41 ¢ 0.07
0.17:0.19
0.4110.15
0.60 £ 0.40

0.16 + 0.05
0.22:0.14
0.23 + 0.14
0.20 + 0.10
0.14 + 0.10
0.19£0.18
0.09

0.20: 0.18
0.28 + 0.13
0.15+0.12
0.13 + 0.09
0.07 + 0.01
0.11 + 0.02
0.33:0.12
0.50 + 0.40

0.05 + 0.06.
0.0058 + 0.002
0.08 + 0.11
0.16 £+ 0.23
0.49 + 0.24

lxonb
(ug/g)

0.72 £ 0.35
0.85 + 0.55
0.35+0.42
0.60 + 0.55
0.29 + 0.30

1.00 £ 0.11
0.54 + 0.30
0.91 + 0.16
0.16 + 0.15
0.37 + 0.47
0.38 + 0.38
0.51

0.26 £ 0.04
0.19 + 0.01
0.98 + 0.66
1.07 £ 0.78
0.34 + 0.05
0.82 + 0.03
0.93 + 0.08
2.89 263

1.03 + 0.49
0.54 £ 0.39
0.20 + 0.38
0.13+0.32
3.75 £ 0.60

Lead®
(ug/®)

0.81 1 0.15
0.71 + 0.07
0.26 £ 0.33
0.85 £ 0.46
0.45 £ 0.57

0.81 + 0.17
0.96 + 0.59
1.68 + 0.17
0.89 + 0.53
0.83 + 0.32
0.68 + 0.88
0.35

0.56 £ 0.13
0.67+0.32
0.85 + 0.16
0.60 + 0.17
0.58 +0.14
0.50 £ 0.22
0.92 + 0.56
0.44 + 0.43

0.76 + 0.34
0.10 + 0.08
0.54 + 0.65
0.20 + 0.40
0.30 + 0.10

Nickel®
(uglg)

0.34 + 0.04
0.20 + 0.08
0.21 + 0.09
0.38+0.11
0.23+£0.38

0.81+0.17
0.24 + 0.26
0.84 + 0.13
0.37 £ 0.04
0.27 + 0.09
1.94 + 0.61
3.10

0.56 + 0.14
0.67 + 0.32
0.86 + 0.17
0.33+0.11
0.25 + 0.01
0.38 + 0.04
0.34 + 0.40
0.78 + 0.38

0.28 + 0.25
0.11 £ 0.07
0.09 + 0.02
0.05 + 0.08
25107

Vanadium®

(ug/g)

133
12+ 2
10+ 8
14+5
1.9+13

1.4+ 25
17+3
29+ 2
143
14+3
92+ 67

09+04

13202

1.8+ 0.5
2.1:0.8
1.5+0.1
2.2:+0.8
3.0+1.2
73+1.8

2.2+ 0.3
2.0+ 0.9
2.1+21
0.2+0.2
8.1+2.0

ZincP
(ug/®)

34+0.8
2.1:0.1
0.8+0.7
1.8+ 0.6
0.7+14

1.7+ 04
1.5+ 0.5
24:03
1.0+ 0.3
1.7+ 2.5
7.2:4.3
4.6

1.3+ 04
1.4+1.0
1.9+ 0.6
1.9+0.7
1.3+0.1
1.8+ 0.2
29104
7.1 £5.3

1.6 £ 0.6
1.4+ 0.5
0.8+1.0
0.9+1.2
7.7¢+1.1
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Figure 3.4-3. Bottom Sediment Sampling Stations
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the highest levels and that shelf-station levels were lower and relatively constant around 0.1 to

0.2%. Metals followed a similar trend, ‘indicating that two sedimentary provinces are represented
by these data.

The chemical homogeneity of the sediment can be evaluated by comparing the mean
concentrations of the weak acid-soluble trace metals determined from the individual analysis of

the subcores from the six box cores taken at a station during one season with the means
determined from the analysis of pooled samples from the other three seasons. Sediment

chemistry is not expected to vary seasonally, but the location of seasonal samples from a given
station will vary because of uncertainties in ship positioning. If sediments are inhomogeneous,
this should be reflected in the trace metal chemistry.

This approach was taken using the data from the four inner-shelf stations (1B, 2B, 5B, and
7B), the four middle-shelf stations (1D, 2D, 5D, and 7D), and the four slope stations (1F, 2G,
51, and 7F). A mean concentration for each trace metal was calculated from the pooled sediment
data at each station for three seasons and plotted as the ordinate value in the graphs in Figures
3.4-5 and 3.4-6. Similarly, a mean concentration for each trace metal was calculated from
individual sediment data for the fourth season and plotted as the abscissa. Closely grouped
stations may be considered as an indication that sediment trace metal concentrations are
homogeneous. Results for chromium, iron, nickel, and zinc indicated that shelf sediments (inner
and middle) were homogeneous with respect to these metals, since the variations between the
means were small (Figure 3.4-5). Slope sediments, however, appeared to be inhomogeneous with
respect to these metals since the seasonal mean concentrations deviated considerably from the
subcore means.

Cadmium may be distributed in sediments similar to zinc, showing homogeneity on the
shelf and inhomogeneity on the slope. Generally, however, the seasonal mean concentrations of
this metal deviate from the mean concentrations of the subcores in both shelf and slope
sediments (Figure 3.4-6). Some of the deviation is probably analytical, however. In the case of
copper and lead, the inner- and middle-shelf sediments appeared to be as inhomogeneous as the
slope sediments. Again, some of the variability may have been analytical, but the results suggest
that slope sediments are not significantly different from shelf sediments with respect to concen-
trations of these metals.

Samples collected along transect 5 during the summer were analyzed for both total and
weak acid-soluble trace metals. Results indicated that most of the chromium, iron, nickel, and
zinc was generally in the weak acid-soluble fraction and that their percentages in this fraction
were greatest in outer-shelf and slope sediments (Table 3.4-8). This, taken with the other results,
suggests that these four metals may be associated with a hydrated ferromanganese phase.

Copper and lead appear to be more associated with refractory phases of the sediments,
possibly silicates. Results for cadmium, on the other hand, indicate that this metal is totally
contained in the weak acid-soluble fraction. However, the high coefficient of variation in the
analyses precludes drawing any conclusions as to cadmium’s partitioning in sediments.
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Table 3.4-8. Percent (x t1ag) of Trace Metals in Weak Acid-Soluble

" Fraction of Bottom Sediments, Summer 1977

Trace Metal (%)b

Station® cd Cr Cu Fe Ni . P Zn
B 100 80 19 +8 36 33 30 £5 38 3 18 5 62 £20
C 100 +43 48 16 54 23 49 14 60113 21 £10 82 161
D 100 £100 63 £20 31 £25 100 +87 45 £10 25 5 79 +28
E 100 88 60 122 35123 69 +50 41 z14 18 £5 65 +23
F 100 56 37 3 18 £2 29 14 29 £2 18 +4 63 4
G 100 100 100 £15 23 5 100 6 59 +6 24 +11 100 £15
H 100 +77 100 13 42 16 100 £16 71 £50 46 +28 100 16
I 100 100 100 £19 23 :18 100 +59 35 £17 26 £25 20 +14
3Transect 5

bSix samples analyzed for weak-acid analysis.
One pooled sample analyzed for total trace metals.

E. MACROINVERTEBRATES AND DEMERSAL FISHES

Macrobenthos sampling was accomplished using a 13.6-m (45-ft) otter trawl for demersal
fishes and other macroinvertebrates. Samples were collected at 25 stations during winter and
summer cruises and at 15 stations during fall and spring cruises (Figure 3.4-7). Based on
collections made during the first seasonal (winter) cruise, nine species were identified as being
nearly ubiquitous in the study area. Thus, emphasis was placed on trace metal analyses of these
species during the study since they represented the most likely candidates as index organisms;
however, results of sample collections during subsequent cruises indicated that several of the
initial choices were poor for this purpose. Nonetheless, the majority of the trace metal data is
for these nine species and the discussion in this section is limited to them.

This group of organisms included five demersal fish species and four macroinvertebrates
representing three phyla: Mollusca, Arthropoda, and Echinodermata. The results, therefore,
should give a reasonably general view of trace metals in the macrofauna.

Results of individual trace metal analyses of the nine selected species appear in Appendix
3.4C, and mean concentrations and standard deviations are summarized in Table 3.4-9. Mean
metal concentrations of demersal fishes are generally lower than those of the macroinvertebrates.
The exception is the starfish Asterias forbesii; the bulk of this species is in its carbonate skeletal
material, so trace metal concentrations are limited by their ability to substitute into this mineral
lattice. For this reason alone, this and similar species would probably be poor selections as index
organisms. '

Judging by the high coefficient of variation (Table 3.4-9), the variability in trace metal
concentrations is large within individual species. This is probably natural, however. In fact, most
of the metals appeared to follow a log-normal distribution within a given species. For example,
the frequency distributions of copper in Loligo pealei and Diplectrum formosum (Figure 3.4-8)
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Diplectrum formosum
(sand perch)

Synodus poeyi
(blue striped
lizard fish)

Decapterus punctatus
(round scad)

Synodus foetens
(inshore lizard fish)

Urophycis regius
(spotted hake)

Sicyonia brevirostris
(rock shrimp)

Loligo pealei
(squid)

Asterias forbesii
(starfish)

Ovdlipes stephensoni
(crab)

Al
(mg/g)

5.5 (26)
+22,

29 9
4.5

3.6 (11)

176

1.2 (10)
+2.3

12.5 (13)
+18.0

1.4 27)
+2.2

7.4 (28)
+23.

1.6 (11)
+2.0

5.3 (6)
+28

Table 3.4-9. Trace Metal Concentrations in Nine Dominant Species
of Macroinvertebrates and Demersal Fishes

Mean and Standard Deviation (Dry-Weight Basis)

Ca Cd Cr Cu Fe Ni
(mg/g) (ug/g) (ug/p) (ug/g) (ug/g) (us/g)
5.8(2) 1.35 (24) 1.50 (25) 7.37 (25) 34.0 (25) 1.15 (19)

+2.6 +3.16 +2.13 +9.41 +51.7 +1.68
241. (1) 1.66 (7) 0.70 (9) 4.77 (10) 29.8 (10) 0.69 (6)
- 2.17 0.68 3.06 29.2 +0.59
1.3 (3) 0.58 (12) 1.24 (12) 10.2 (12) 84. (12) 1.56 (10)
+0.9 +0.69 +2.40 +74 +130. +2.35
180. (2) 0.93 (10) 1.81 (9) 12.0 (9) 32.3(10) 0.73 (8)
+254. +1.61 +1.80 +22.1 +31.9 +0.82
654 (7) 2.15 (8) 1.80 (15) 16.4 (15) 84. (15) 1.88 (12)
+50S. +2.55 +1.30 +25.1 +181, +2.11
178. (11) 1.93 (22) 1.30 (28) 64.7 (28) 71. (28) 1.30 (26)
+221. +1.58 +2.06 +75.7 +109. +0.96
118. (9) 6.27 23) 1.31 (30) 31.3 (30) 45. (30) 0.61 (26)
+142, +8.44 +1.58 +21.2 +99. +0.51
442 (2) 0.30 9) 1.39 (11) 195 (11) 77. (11) 0.35 (9)
+243 +0.35 +1.29 +1.98 +73. +0.19
228 (3) 25. (5) 16. (6) 25. (6) 401. (6) 4.2 4)
+221 +42. +32. 5.9 +682. +3.1

Pb
(ug/g)

1.49 (24)
+4.71

0.52 (10)
+0.45

2.68 (11)
+6.12

0.39 (10)
+0.50

0.42 (15)
+0.33

0.74 (28)
+1.27

0.23 (29)
+0.16

0.27 (10)
+0.17

5.0 (6)
+7.3

\'
(ug/g)

23 (14)
+34

21 (5)
+27

31 (8)
+34

39 (1)
+80

90 (10)
+84

51 (22)
62

29 (20)
145

24 (9)
+41

218. (6)
+322.

Zn
(ug/8)

30.0 (25)
+51.7

30.6 (10)

153

56.4 (11)
+55.8

40.6 (10)
+57.6

86.6 (14)
+99.7

103. (28)
+61.

65. (30)
+17.7

15.9 (11)
+13.0

143. (6)
+119.




@)
appeared to best fit a log-normal pattern. Results of individual analyses also suggest that
cadmium, chromium, iron, lead, and vanadium follow log-normal distributions.

Nickel and zinc appeared to be the only metals to follow normal distribution. Results of
zinc concentrations in Loligo pealei and Diplectrum formosum (Figure 3.4-9) clearly indicate this
type of distribution in the former and suggest this for the latter as well, with the higher
concentrations probably resulting from sample contamination or analytical error.

Metal levels in demersal fishes and macroinvertebrates showed no relationship to
concentrations in sediments. Correlation coefficients given in Appendix 3.4C (Volume 6) showed
no significant relationship to metal levels in bottom sediments or to near-bottom particulate
trace metals.
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SECTION 4
DISCUSSION

Results of all trace metal studies related to the water column appeared to suffer from
analytical difficulties, both in terms of apparent accuracy (judging from comparison with other
studies) and of replicate precision, a possible exception being the zooplankton analyses, which
agreed well with other studies. This was not surprising since the state of the art has not
developed to the point where uncontaminated sampling and analysis are routine. However, in
relation to developing a trace metal benchmark with which to assess long-term environmental
impacts of petroleum exploration and exploitation, studies of the water column are probably of
little use anyway since this is the most dynamic part of the continental shelf system of the
Georgia Bight. For evaluation of short-term impacts, however, studies of this part of the system
are important. For example, since suspended loads are very low over most of the Georgia Bight
and, more important, are depauperate in trace metals, it would seem that even small inputs (on
the order of 1 ug/l) of oil, brine, or drilling mud would be easily detected. Thus, the
composition of suspended solids in the Georgia Bight would be an integral and important part of
any assessment of production effects. The gap in the data base is an important problem,
however, and could be critical in interpreting whether there were detectable inputs of trace
metals to waters of the Georgia Bight after explorator drilling or production were initiated. This
argues for additional studies of these reactive phases in the Georgia Bight.

Bottom sediments over most of the continental shelf were homogeneous with respect to
trace metals. Concentrations were low compared with typical inshore muddy sediments. This was
not surprising, considering that southeastern estuaries effectively trap continental detritus
presently carried by rivers (Meade, 1969; Windom et al., 1971).

Because of their characteristics, bottom-sediment trace metal data provide a good
benchmark for future potential changes resulting from petroleum exploration and exploitation.

Trace metal concentrations in demersal fishes and macroinvertebrates varied over a wide
range. This variability followed a discernible pattern, however, potentially allowing use of the
data as a trace metal benchmark for the marine biota. Individual values appear in Volume 6,
Appendix 3.4.

There are four species whose distribution is sufficiently ubiquitous to allow their potential
use as indicator organisms (Table 3.4-10). These are D. formosum (sand pearch), S. Foetens
(inshore lizard fish), L. pealei (squid), and O. stephensoni (crab). Their winter and summer
distributions, according to catches, are shown in Figures 3.4-10 through 3.4-13. Before these
species can be truly judged to be candidates as indicator organisms, however, considerably more
life-history information must be obtained. :

Additional studies related to trace metals indicated by the results of this work are:

e  Affinity/mobility studies of various petroleum-related materials in Georgia Bight shelf
waters: Oil, gas, brines, and drilling muds can be released to a certain extent during
resource exploitation. One of the major unanswered and critical questions concerning
the release of these materials into the environment is how they will distribute
themselves and their associated trace metals between soluble and particulate phases.
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Table 3.4-10. Winter/Su_mmer Distribution of Possible Indicator Organisms

Station Diplectrum Synodus Loligo Owalipes
Station Code formosum foetens paelei stephensoni
1C 23 No X No X X X X X
1D 24 X X X X X X No No
2B 12 No X No X X X No
2D 24 X X X X X
2E 25 X X X No No No
2F 26 No No X X X X X No
H 38 No No No  No No  No No No
3B 12 No X X X X X X No
iD 24 X X X X X X X No
3E 25 No No X X X X X
4C 23 No X X X X X X
4D 24 X X X X X
4E 25 X X X X X X X No
4F 26 No No No X T X X X X
SA 11 No No No X X No X No
5C 23 No X X X X
sD 24 No X X X
5G 27 X X No X X No
51 39 No No No No No No No No
6B 12 No X X X
6C 23 X X No
6E 25 X No X
1C 23 X X X X X No
7TE 35 No No No No No X No No
7F 36 No No No No No No No No

Their distribution will, in large part, affect their residence time and their availability to
organisms. Laboratory mixing experiments using these materials and freshwater shelf
samples could provide an important data base with which to predict their behavior,
residence time, and fate.

Large-particle flux studies: Some detailed studies of the flux of large particles of
bottom sediments should be initiated to characterize the interaction of the water
column with bottom sediments. '

Trace metal variations in resident Georgia Bight organisms in relation to their life
history: To establish a true trace metal index for indicator organisms, variations in
concentration must be well-known and related to the specific characteristics of the
given organism. For example, studies should evaluate metal variations related to the
organism’s dietary intake, environmental levels, sex, and age; sources of food and
migratory habits are also important to know.
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SECTION 5
CONCLUSIONS

There are no apparent seasonal or regional trends in the trace metal concentrations of
zooplankton populations from the Georgia Bight.

Zooplankton caught in 202-um and 505-um nets had essentially the same trace metal
concentrations.

Physical processes such as atmospheric forcing and Gulf Stream intrusions seem to have
major impacts on the concentration and composition of suspended particles in the Georgia

Bight.
River input to the inner shelf produces large increases in particulate aluminum and
concomitant decreases in particulate organic carbon during the winter-spring period.

Bottom sediments of the Georgia Bight continental shelf are homogeneous in trace metal
chemistry.

Concentrations of trace metals in slope sediments are higher than in shelf sediments and are
less homogeneous.

Most of the trace metals in bottom sediments (except copper and lead) appear to be
associated with weak acid-soluble phases.

The shelf sediment probably receives little input presently from continental runoff.

Trace metal concentrations in macroinvertebrates and demersal fishes vary widely, following
normal (Ni and Zn) and log-normal (Cd, Cr, Cu, Fe, Pb, and V) distribution patterns.

Several macroinvertebrate and demersal fish species are potential candidates as indicator
species, but additional information on life histories is required.
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CHAPTER 5,
ZOOPLANKTON OF SOUTH ATLANTIC/GEORGIA BIGHT
by

Sidney S. Herman
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ABSTRACT

Texas Instruments sampled zooplankton over a series of six shelf
stations in the southeastern Atlantic Ocean off the United States over four
different seasons during the course of its 1977 outer continental shelf
(OCS) environmental studies for the Bureau of Land Management.
Shannon-Weaver indices show that the study area is one of great diversity.

Mean density of samples collected with 505-um bongo nets was 212
organisms/m>3, while finer mesh (202 um) collected 563 organisms/m3.
Copepods dominated both net tows (34% for the 505-um net and 58% for
the 202-um net), but chaetognaths, ostracods, gastropods, and
urochordates also contributed significantly at different periods. Summer
collections yielded the maximum numbers.

Calanoid copepod associations may be used to determine whether
shelf or a mixture of shelf and oceanic water is present.

179 Equipment Group



Eo
SECTION 1
INTRODUCTION

A. PURPOSE OF STUDY

The western Atlantic Ocean from Virginia to the Gulf of Maine is an area in which
zooplankton has been studied extensively. Generally speaking, zooplankton populations reach
maximum levels in the neritic area and decrease as one passes out onto the continental shelf over
the slope into the Sargasso Sea. Few investigations have considered the overall zooplankton
populations in the southeastern area of the Atlantic Ocean from shallow water to the edge of the
continental shelf, although various components of the zooplankton have been studied. Therefore,
the following objectives were established for the 1977 South Atlantic Benchmark Program
(SABP) conducted by Texas Instruments for the Bureau of Land Management:

(1) Acquire a general seasonal overview of south Atlantic zooplankton populations from -
the present investigation and a review of the literature

(2) Document major trends in distribution, abundance, and variation during an annual
cycle

(3) Relate physiochemical and biological parameters to the qualitative and quantitative
nature of the zooplankton.

(4) Distinguish (if possible) latitudinal differences in zooplankton assemblages.
B. STATE OF KNOWLEDGE

The study area (Figure 3.5-1) is one in which the hydrography is dynamic and complex
because of the influence of the Gulf Stream. This, coupled with the tendency for zooplankton
populations to change radically within short periods, necessitates a rather extensive review of the
literature so study results may be best understood and maximum information obtained. The
literature survey included studies conducted in the southeastern area inshore and the south-
eastern area offshore, studies of adjacent areas that overlap with the study area, and
investigations that encompass the study area.

1. Inshore Studies

Inshore plankton studies of the area have been conducted from Beaufort, North Carolina, to
Biscayne Bay, Florida. Sutcliffe (1950), describing zooplankton of the Beaufort area from a
single-station location, reported that Acartia tonsa dominated the samples. Williams et al. (1968),
in a survey of the zooplankton in the estuaries near Beaufort conducted over a complete year,
found a dearth of zooplankton in the system: average dry weight was 4.4 to 24.2 mg/m3
(calculated from volume), and maximum densities occurred from November through February,
with a decline noted in March and April. The authors concluded that zooplankton is relatively
unimportant in the food chains of the shallow-water area studies, although it may be more
important in some years than others. Copepods dominated throughout the year, but the study
reveals no information regarding the key genera.
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Thayer et al. (1974), sampled a series of stations in the Newport River estuary over a
period of 2 years and also concluded that there was a dearth of zooplankton in the system.
Peaks occurred between March and June and again between October and December. Copepods
comprised 81% of the zooplankton, with Acartia tonsa, Oithona, Corycaeus, and Centropages
being the most abundant.

Lonsdale and Coull (1977) provided information on zooplankton sampled over a 20-month
period at North Inlet near Georgetown, South Carolina. They found that density had major
peaks between April and July; copepods comprised 64 to 69% of total zooplankton;
Parvocalanus, Acartia tonsa, Oithona, and Euterpina were the most abundant copepods; and
biomass values ranged between 0.6 and 140 mg dry weight/m3. The authors concluded that the
zooplankton of this area is most closely allied to that of Florida waters.

Some information on zooplankton of Georgia estuaries is available from the study by
Stickney and Knowles (1975) near Skidaway Institute. Although the purpose of the study was to
determine how much use was made of the zooplankton by fish, the authors determined that the
copepods Acartia tonsa and Pseudodiaptomus coronatus were the most abundant forms.

Woodmansee (1958) and Reeve (1964) studied the shallow-water zooplankton of Florida.
Woodmansee found that zooplankton in the Chicken Key region peaked in October and
December and that the dominant organism was Acartia tonsa. Reeve (1964) describes four major
peaks for Biscayne Bay zooplankton (January, April/May, July, and October), with copepods
dominating samples and Acartia bermudensis and Acartia spinata being the most abundant
copepod forms.

In a study conducted in two shallow-water stations in Bermuda, Herman and Beers (1969)
described zooplankton populations that were dominated by copepods (Calanopia and
Paracalanus) and that had peaks similar to those that occurred in the Chicken Key and Biscayne
Bay (Florida) studies of Woodmansee (1958) and Reeve (1964).

2. Offshore Studies

Zooplankton in deeper waters off the southeastern coast of the U.S. has been studied by
Moore (1949), Fish (1954), Bsharah (1957), Menzel and Ryther (1961), Deevey (1971), and
Deevey and Brooks (1971).

Moore (1949), in his studies of zooplankton offshore from Bermuda, found maximum
zooplankton densities from May to June and a minimum in October. Fish (1954), studying
zooplankton in the Sargasso Sea, found maximum numbers from April to June, low numbers
from June to December, and an annual mean of 239 organisms/m3, with copepods making up
62% of the zooplankton. In Bsharah’s investigation of the zooplankton of the Florida current 64
km east of Miami (1957), abundance peaked between March and June and dry weights averaged
0.45 mg/m3. Menzel and Ryther (1961) reported a spring maximum of zooplankton 24 km
southeast of Bermuda; they determined that an average of 63% of the zooplankton dry weight
between 0 and 2,000 m occurred below 500 m. At the same station used by Menzel and Ryther,
Deevey (1971) conducted a more comprehensive study on the zooplankton samples collected in
the upper 500 m and obtained highest dry weights (mean of 2.61 mg/m?®) in March and April.
Copepods dominated the samples (61 to 79%), and Qithona, Clausocalanus, and Oncaea were the
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most abundant, although ostracods, tunicates, and chaetognaths were also numerous. Deevey and
Brook (1971) reported on the zooplankton at the same station down to 2,000 m, recording
different maxima for the various levels: numbers of organisms decreased greatly from the upper
waters to 1,000 m. Crustacea increased in importance and diversity below 500 m; copepods

comprised 70% of the plankton in the upper 500 m and 85% in the deepest waters sampled.
Ostracoda were the next most abundant group present.

Egan and Conrad (1975) examined the zooplankton of the Gulf Stream as it moved
northward during the summer period; calanoid copepods dominated their tows, but they were
unable to detect a buildup or depletion of the population with the progress of the flow north in
the Gulf Stream. They indicated that the dry organic matter was more than an order of
magnitude below that which is theoretically possible.

3. Studies in Adjacent Areas (Inshore and Offshore)

Leavitt (1938), working on the vertical distribution of macroplankton in the Atlantic Ocean
basin, located two of his stations in deep water east of Cape Hatteras. Leavitt mentioned the
paucity of catches of zooplankton in the Sargasso Sea and the Gulf Stream compared with those
in slope water. .

Bigelow and Sears (1939), studying zooplankton from Martha’s Vineyard to near latitude
36°, with one cruise south of Cape Hatteras, divided their entire sampling area into a northern
sector (Atlantic City north to Martha’s Vineyard), a southern sector (to latitude 36°), an inshore
belt (30 mi out from the coast), and an offshore belt (to the 200-m contour). Cruises (winter,
spring, and summer) spanned a 3-year period. During the winter, plankton was at its minimum
and largest numbers were on the inner half of the shelf and to the south. In May, the offshore
belt supported a larger volume of plankton than the inshore belt; there was little difference
between plankton volumes of the northern and southern sectors. During summer, the center of
abundance shifted from east of New York to south of New York. In summary, Bigelow and
Sears detected little latitudinal difference in the richness of plankton from Chesapeake Bay to
the Gulf of Maine in late winter and early spring when zooplankton was at its minimum; from

May to July, the catches south of Cape Cod were most abundant, and, during the period of
maximum abundance, the sector between Cape Cod and Delaware Bay carried the largest
populations and the Bay of Fundy and the Gulf of St. Lawrence had the smallest. In winter,
copepods (Centropages typicus, Calanus finmarchicus), chaetognaths, and pteropods accounted
for more than 85% of the zooplankton; in spring and summer, a similar dominance was noted, as
well as a large increase in Calanus.

Clarke (1940) surveyed the zooplankton between Montauk Point, New York, and Bermuda
over a period of 1% years but, unfortunately, collected samples only between May and October.
He detected no apparent seasonal change in the Sargasso Sea area but significant changes in
coastal and slope areas, with the warm part of the year carrying larger zooplankton populations;
on the average, plankton volumes were four times higher in the coastal area than in the slope
area, and those in the latter were about four times higher than those in the Sargasso Sea area.
The copepods Calanus finmarchicus and Centropages typicus fluctuated widely but dominated
the plankton tows.
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Grice and Hart (1962), compiling information on zooplankton during a series of seasonal
cruises from New York to Bermuda over a period exceeding 1 year, found largest standing crops
at the shelf edge and innermost slope area. The amount of plankton down the slope was
markedly reduced. As in almost all other studies, Grice and Hart determined that the shelf
plankton was richer than the slope plankton, which was richer than either the Gulf Stream or
Sargasso Sea fauna. Average numbers of organisms per cubic meter were: neritic, 1,540; slope,
310; Gulf Stream, 134; and Sargasso Sea, 71. Largest seasonal differences occurred in shelf and
slope waters, and there was almost no seasonal variation in the Gulf Stream and Sargasso Sea.
Copepods were the most abundant organisms (0 to 96%, with a mean of 51%), and Centropages,
Oithona, and Pseudocalanus were the most abundant copepods. Chaetognaths were the second
most abundant group encountered, with highest values occurring on the shelf.

4. Studies Within the SABP Study Area

St. John (1958) reported on several series of samples taken in May/June and January off
the coast of North Carolina. He offers little information on the qualitative nature of the
zooplankton, but discusses the volume of plankton found in relation to the various hydrographic
features.

The Florida Current flows northeastward off the North Carolina coast and parallels the
200-m depth contour south of Cape Hatteras. The salinity of the shallower layers off North
Carolina is approximately 36.0 o/oo or higher during the winter or spring, with surface
temperatures between 20° and 25°C. The Florida Current south of Cape Hatteras may change its
direction of flow so that its waters penetrate over the adjacent continental shelf. The water over
the coastal area from Cape Cod to Cape Hatteras is referred to as Virginia coastal water; surface
water temperatures in the winter range from 2° to 10°C and, by May and June, have increased
to a range of 12° to 20°C. Salinities range from 30 to 36 o/00. The higher salinity is a result of
the influence of the Florida Current. Carolinian coastal water occurs south of Cape Hatteras.
Surface water temperatures range from 10° to 20°C in winter, with salinities of 32 to 36 o/oo,
and, during the spring months, increase to 25°C south of Cape Hatteras, with salinity near 35
o/oo. Carolinian coastal water rarely exhibits the lower temperature and salinity values charac-
teristic of Virginia coastal water because of the lack of freshwater runoff and the influence of
the Florida Current.

St. John reported that maximum zooplankton volumes for the shelf waters occurred at
stations over the outer half of the shelf near the 40-m depth contour. Relatively constant
zooplankton volumes in samples collected between midwinter and late spring were a result of
local hydrographic conditions. This finding is quite different from findings in other coastal areas
of the north Atlantic that indicate a wide difference in volumes between the two seasons.
Oftentimes, water of the Florida Current penetrates the shelf area; this may be detected through
the identification of the fauna.

Bowman (1971) has provided an excellent paper on the distribution of calanoid copepods
off the southeastern United States from Cape Hatteras to Daytona Beach. He examined speci-
mens collected in a series of nine cruises between January 1953 and December 1954. As
expected, the number of copepod species increased from the coastal area out toward the open
ocean. He found that a calanoid association was a reliable indicator of the presence of coastal,
shelf, and oceanic water at a given locality. The calanoid associations comprised 13 commonly
occurring copepods.
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Paracalanus parvus, Centropages furcatus, FEucalanus pileatus, and Temora turbinata
comprise the shelf association in Carolinian coastal waters south of Cape Hatteras. The species
composition of this group remains rather constant throughout the year south of Cape Hatteras
and may be found north of the Cape during the warmer months. As one goes farther north, the
species composition begins to change at first during the colder months and later year-round.
Pseudocalanus minutus and Centropages typicus become the dominant forms. Essentially, the
same species make up the oceanic association on both sides of Cape Hatteras. The association
moves farther offshore to the north, and a region of slope water may also be present, mixing
slope and oceanic calanoid species. This does not occur south of Cape Hatteras. Calanus minor,
Undinula vulgaris, Fuchaeta marina, Clausocalanus furcatus, and several others are the key
organisms. Acartia tonsa and Labidocera aestiva, widely distributed estuarine species that tolerate
changes in the environment, make up the coastal association. Farther north, Acartia tonsa
becomes increasingly limited to the warmer months and is gradually replaced by Acartia clausii.
Labidocera occurs from early summer to early winter north of Cape Hatteras.

Bowman’s explanation for the various assemblages is related to the hydrography of the area
and the tolerance limits of the various copepods. Temperature and salinity conditions north and
south of Cape Hatteras are fairly similar for the oceanic species, regardless of whether they are
found in the Florida Current, the Gulf Stream, or the Sargasso Sea—and these oceanic assem-
blages enjoy stable conditions. Coastal species must tolerate wide fluctuations in temperature and
salinity and thus are able to do well over a great latitudinal range. The shelf species have neither
a constant environment nor tolerance to environmental changes; they are unable to survive north
of Cape Hatteras in the colder parts of the year and are replaced by other species.

5. Relation of Zooplankton Community to South Atlantic
Water—Column Constituents and Hydrography

The complex hydrography of the southeast Atlantic and its subsequent effect on zooplank-
ton have been mentioned while discussing individual investigations. The area in question is
dynamic, and incursions of the Gulf Stream often complicate the picture. Identification of
zooplankton groups (especially the calanoid copepods) permits identification of various water
masses.

Increases in phytoplankton populations are frequently followed by increased numbers of
zooplankton. The general picture obtained from the literature regarding shelf zooplankton
populations in the southeastern area of the U.S. does not show much seasonal variation during
the year. Temperature and salinity changes in this shelf area covered with Carolinian water are
not substantial and tend to have little effect on existing populations. This is in contrast to rather
abrupt changes that occur farther north above the Cape.

6. Holoplankton and Meroplankton Importance

All the studies conducted in the area from Florida to Cape Hatteras and adjacent areas have
shown that meroplanktonic forms are important in the shelf zooplankton and become less
important farther offshore. Meroplankton is more abundant in neritic areas because of the
dependence of many forms on the bottom during some later stage in their life history. Thus,
many of the benthic forms spend a part of their lives as members of the plankton. Likewise, .
many fish spend the early part of their lives as members of the meroplankton.
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During most periods of the year, holoplanktonic forms tend to dominate shelf zooplankton
samples. The most abundant forms are calanoid copepods which, at times, may contribute 95%
of the total plankton. Chaetognaths, ostracods, and other groups may be significant at various
times of the year.

C. DEFICIENCIES IN EXISTING DATA

Many of the zooplankton studies in the southeastern region have been conducted farther
inshore in the Gulf Stream or Sargasso Sea regions; few have been performed on the shelf
proper, particularly in the midshelf area where zooplankton is supposed to be most abundant.
There is also very little information on whether seasonal or latitudinal variations occur on the
shelf from Florida to Cape Hatteras.
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SECTION 2
MATERIALS AND METHODS

A. FIELD PROGRAM

Zooplankton was collected at approximately the midpoint stations of each transect once
during each of the four seasons. The sites (Figure 3.4-7) were:

Transect Station
1 D
2 E
4 E
5 E
6 D
7 D

An attempt was made to collect samples at the same time of day during comparable tides.
In addition to collecting plankton samples, standard meteorological determinations were made
and standard environmental parameters measured. Oblique tows were made with 202-um and
505-um Nitex nets (60-cm mouth) mounted in aluminum bongo frames. Details of the sampling
and shipboard processing appear in Volume 2 of this report. Splitting and treating of samples
collected for chemical analysis are also detailed in Volume 2.

Samples for taxonomic and biomass studies were split into two parts and treated in the
following manner:

(1) Taxonomy (identification) and enumeration. One hundred subsamples were fixed in 4%
buffered formaldehyde, preserved in 4.5% propylene glycol, and stored in 500-ml
screw-cap jars precleaned with potassium permanganate (Steedman, 1974).

(2) Biomass. Samples were oven-dried at 60°C until constant weight was attained, then
stored in desiccators and frozen until analyzed (Lovegrove, 1966).

B. LABORATORY PROGRAM
1. Zooplankton Identification and Enumeration

Preserved specimens were washed through sieves with a smaller mesh size than the collecting
net (usually 63 um) and diluted to 1,000 ml. Samples were stirred thoroughly and an aliquot of
7 to 10 ml (dependent upon plankton density) removed and placed in a Bogorov counting
chamber. Specimens were examined under a dissecting microscope. A minimum of 450
individuals was counted for each sample. Copepods were identified to species where possible,
while many of the other plankters were identified to the lowest possible level. The major taxa
were subjected to a two-way analysis of variance (ANOV) to determine whether season or station
had an effect on the particular group.
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2. Zooplankton Biomass

Frozen samples were defrosted in a tap-water bath, drained on 63-um mesh sieves, and
transferred into preweighed crucibles in which they were dried at 62°C to a constant weight. The
total weight of samples was determined on a Mettler balance. Ash-free dry weight was
determined after ashing in a muffle furnace at 500°C. Organisms larger than 2.5 cm were
excluded from the biomass measurement.

Multiple regression analyses were made for ash-free dry weight and organic carbon water-
column constituents. See Volume 2 and Appendixes 3.5A and 3.5B in Volume 6 for further
information on statistical techniques. Correlation coefficients between ash-free dry weight and
nutrients and water quality were determined. Net biomasses for 202-um and 505-um nets were
compared through ANOV.
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SECTION 3
RESULTS

A. TOTAL ZOOPLANKTON

1. Density

The mean numbers of zooplankters per cubic meter of water for each station over each
season for both nets (505 um and 202 pm) are shown in Figure 3.5-2. The mean in the 505-um
net ranged from a low of 28 organisms/m® at station 6D to a higher of 830 organisms/m? at
station 2E. All of the stations except 2E had similar values. For the 202-um net, the mean
ranged from 203 organisms/m? at station 6D to 904 organisms/m3 at station 2E. In general, the
mean density of organisms decreased from station 1D to station 7D. Large collections usually
were in the 505-um net at station 2E (3,200 organisms/m?) and station 7D (869 organisms/m3)
during the fall. The density of zooplankton was high in summer collections at station 2E (2,475
organisms/m?3).

The densities of organisms for all cruises for both nets appear in Table 3.5-1. Figure 3.5-3
indicates mean numbers of zooplankters collected during each season. In the 505-um net, the
mean increased from winter samples to a maximum of 719 organisms/m3 in the fall. In the
202-um net, the mean was 810 organisms/m*® during the summer cruise and the minimum was
126 organisms/m® in winter. In almost all cases, the smaller-meshed net collected more
organisms.

2. Biomass

All biomass values were determined on a Mettler H-51 Analytical Balance with accuracy of
+0.01 mg. Figure 3.5-4 indicates the dry weight and ash-free dry weight of plankton in the
505-um and 202-um nets. Mean dry weight for the coarse mesh ranged from a low of 1.388
mg/m? at station 6D to a maximum of 56.003 mg/m3 at station 2E. Ash-free dry weights
showed a similar trend, the mean minimum being 0.642 mg/m3 at station 6D and the maximum
being 17.955 mg/m? at station 2E. Dry weight for the 202-um net reached a new maximum of
11.185 mg/m3 at station 2E and a mean minimum of 2.084 mg/m? at station 6D. Ash-free dry
weight showed similar patterns: a mean maximum of 5.553 mg/m? at station 2E and a mean
minimum of 1.229 mg/m?® at station 6D. Mean biomass dry weight for the 505-um net increased
from a mean minimum of 1.271 mg/m? in winter to a mean maximum of 45.364 mg/m? in the
fall. Ash-free dry weight showed a similar trend: values ranged from 0.913 mg/m3 in winter to a
fall high of 11.551 mg/m3. Mean biomass dry-weight values for the 202-um net ranged from a
minimum of 1.847 mg/m? in winter to a maximum of 13.069 mg/m3 in summer. Again, ash-free
dry weights followed the pattern of low numbers in winter (1.421 mg/m3) and high values in
summer (6.903 mg/m3).

A complete listing of biomass dry weight and ash-free dry weight appears in Tables 3.5-2
and 3.5-3.
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Figure 3.5-2. Mean Numbers of Zooplankton Organisms at All Sampling Stations
Table 3.5-1. Density (No./m®) of Zooplankton Organisms for Each Station
Net Season 1D 2E 4E SE 6D )] X
505 pm Winter 15.68 24,53 9.04 §9.56 14.75 23.51 24,51
Spring 62.01 43.68 52.19 4496 3.55 6.88 35.55
Summer 59.08 53.39 204.79 62.43 22.717 17.23 69.95
Fall 76.38 3,200.69 44,79 54.68 71.83 869.12 719.57
X 53.28 830.58 71.70 5541 28.23 204.18
202 um Winter 57.97 4.04 211.92 182.5 80.74 218.30 125.91
Spring 923.57 551.92 874.54 1,157.05 177.88 720.44 734.23
Summer 376.48 247591 931.51 854.20 178.05 45.73 810.31
Fall 886.97 584.32 388.29 158.48 377.22 436.75 472,01
X 561.25 903.95 60.157 588.06 203.47 355.31 -
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Figure 3.5-3. Mean Numbers of Zooplankton Organisms for All Sampling Seasons

3. Composition

Table 3.5-4 lists the dominant groups (by percentage) from all samples collected in the
survey in both the coarse-mesh and fine-mesh nets. Although the same major groups dominated
both nets, the rank was somewhat different. Copepods dominated both nets, comprising 58.75%
of the 202-um-net samples and 35.12% of the 505-um-net samples. Except when chaetognaths
dominated the 50S5-um-net tows, copepods dominated every collection during every season.
Dominant taxa by station are listed in Table 3.5-5.

a, Copepods

Figure 3.5-5 represents the percentage of copepods in both nets each season. For the
505-um net, the lowest percentage was 20.5 in the spring and the maximum was 58.0 in the
summer. The percentage of copepods in the 202-um net was higher and much more con51stent
lowest percentages were in the summer, highest in the spring,

Table 3.5-6 represents the percentage of calahoid copepods, other copepods, and total
copepods during each season in both nets. Calanoid copepods dominated each season, and
“other” copepods contributed significant percentages to the 202-um net.

The mean numbers of copepods for each mesh size by station are plotted in Figure 3.5-6.
Mean copepod abundance reached a maximum at station 2E and a minimum at station 6D for
the 505-um net. The stations appeared to be essentially equal except for station 2E. The mean in
the 202-um net was maximum at station 1D and minimum at station 6D. The mean generally
decreased from station 1D to station 7D.
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Figure 3.5-4. Mean D1y Weight of Zooplankton at All Sampling Stations
Table 3.5-2. Dry-Weight Zooplankton (mg/m®)
Net Season 1D 2E 4E SE 6D D X
505 um Winter 1.085 1.281 1.250 2.259 0.963 0.807 1.271
Spring 8,050 7.632 4.192 4,897 0.404 0.556 4.288
Summer 8.897 3914 5.605 6.349 1.839 2.059 4.777
Fall 2,713 211.374 0.767 1.561 2.346 53425 45.364
202 um Winter 3.689 0.089 2,037 2.404 0.876 1.987 1.847
Spring 12.163 8.631 7.179 5.834 2.692 10.206 7.793
Summer 12.197 33.502 24,967 4,891 2.856 0.638 13.069
Fall 4.670 2.517 4,087 1.350 2.701 3.976 3.217
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Table 3.5-3. Ash-Free Dry-Weight Zooplankton (mg/m*)

Net Season 1D 2E 4E 5E 6D D X

505 um Winter 0.880 0.912 0.934 1.444 0.746 0.563 0.913
Spring 2.867 2.449 1.588 1.861 0.115 0.256 1.523
Summer 4.039 1.629 4.252 3.369 0.983 0.791 2.511
Fall 0.989 66.83 0.241 0.520 0.723 15.901 11.551
202 um Winter 2.887 0.054 1.531 1.978 0.585 1.488 1.421
Spring 4.099 3.243 2.536 1.861 0.905 4.576 2.870
Summer 6.352 18.098 11.699 2.964 1.908 0.394 6.903
Fall 1.884 0.815 1.736 0.503 0.799 1.170 1.151

Table 3.54. Dominant Groups at All Stations

505-um Mesh Net 202-um Mesh Net

Group (%) Group %)
Copepoda 35.12 Copepoda 58.75
Gastropoda 17.72 Ostracoda 22.61
Decapoda 16.45 Urochordata 6.01
Chaetognatha 12.40 Gastropoda 4.71
Ostracoda 12.18 Decapoda 2.83
Amphipoda 3.90 Chaetognatha 2.63
Urochordata 3.32 Cirripedia 0.95
Mysidacea 2.18 Amphipoda Trace
Cnidaria 2.09 Polychaeta Trace
Cirripedia Trace Cnidaria Trace
Euphausiacea Trace Mysidacea Trace
Polychaeta Trace Euphausiacea Trace

The dominant genera of copepods at all stations are given by percentages in Table 3.5-7.
Undinula, Centropages, and Temora dominated the 505-um net collections. Parvocalanus,
Temora, and Oncaea were most abundant in the finer-mesh net. The various copepods collected
during the survey and the season in which each was collected are detailed for the 505-um net
and the 202-um net in Tables 3.5-8 and 3.5-9, respectively, and are discussed in the following

paragraphs.
(1) 505-um Net

The most abundant copepod collected with the coarse mesh was Undinula, which had a
mean of 228.0 organisms/m® and accounted for 51% of the total copepods. Undinula vulgaris
comprised 66.1% of the genus, with the remainder being classified as Undinula unidentified.
Undinula was present in small numbers in the winter and spring, increased in the summer, and
reached a maximum in the fall. The overall maximum occurred at station 2E.
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Table 3.5-5. Dominant Taxa for Each Station, All Cruises Listed in Descending Order of Total Abundance

Station

1D

2E

4E

202-um Net

Copepoda
Parvocalanus
Oncaea
Ostracoda
Temora
Larvacea
Clausocalanus
Gastropoda
Corycaeus
Decapoda

Ostracoda
Copepoda
Parvocalanus
Oncaea
Temora
Corycaeus
Oithona
Gastropoda
Clausocalanus
Sagitta

Copepoda
Parvocalanus
Ostracoda
Corycaeus
Temora
Centropages
Larvacea
Oncaea
Sagitta
Gastropoda

Net

505 um

202 um

505-um Net

Copepoda
Sagitta
Undinula
Decapoda
Temora
Ostracoda
Gastropoda
Eucalanus
Amphipoda
Larvacea

Copepoda
Decapoda
Undinula
Ostracoda
Gastropoda
Sagitta
Amphipoda
Mysidacea
Temora
Siphonophora

Copepoda
Centropages
Sagitta
Eucalanus
Amphipoda
Decapoda
Ostracoda
Undinula
Gastropoda
Temora

Station

SE

6D

()

202-um Net

Copepoda
Parvocalanus
Ostracoda
Coryceus
Decapoda
Larvacea
Sagitta
Gastropoda
Temora
Oncaea

Copepoda
Parvocalanus
Oncaea
Larvacea
Ostracoda
Corycaeus

" Oithona

Decapoda
Temora
Gastropoda

Copepoda
Parvocalanus
Temora
Larvacea
Thaliacea
Doljolidae
Ostracoda
Clausocalanus
Oncaea
Decapoda

Table 3.5-6. Seasonal Distribution of Copepods

Distribution (%)
Season Calanoid Others Total
Winter 31.0 1.1 33.8
Spring 19.4 1.1 20.5
Summer 55.2 2.8 58.0
Fall 31.0 2.6 33.6
Winter 29.9 22.2 52.1
Spring 51.5 15.0 66.5
Summer 346 15.3 49.9
Fall 45.2 18.4 63.6

505-um Net

Copepoda
Sagitta
Decapoda
Undinula
Euchaeta
Ostracoda
Centropages
Nannocalanus
Amphipoda
Siphonophora

Copepoda
Sagitta
Ostracoda
Undinula
Decapoda
Eucalanus
Larvacea
Gastropoda
Cirripedia
Siphonophora
Copepoda
Sagitta
Undinula
Centropages
Decapoda
Larvacea
Eucalanus
Siphonophora
Gastropoda
Ostracoda

194

Equipment Group



COPEPODS (%)

NUMBER OF ORGANISMS/M3

too—

505 uM

202 uyM == ===

80—

60—

50—

20—

] ] | J
WINTER SPRING SUMMER FALL

SEASON

Figure 3.5-5. Copepod Percentages by Season

500 —

505 uM
202 UM ~ ==

400 I~ ~ PRy

oo — Y

200

100 —

STATION

Figure 3.5-6. Station Means of Copepod Abundances
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Table 3.5-7. Dominant Copepod Genera

%X
Net Genera All Stations
505 um Undinula 51.02
Centropages 1142
Eucalanus 8.45
Temora 7.26
Euchaeta 3.60
Copilia 3.50
Corycaeus 2.95
Scolecithrix 2,52
Nannocalanus 1.32
Candacia 1.07
202 um Parvocalanus 32.89
Temora 9.49
Oncaea 9.36
Corycaeus 8.88
Oithona 394
Centropages 3.92
Clausocalanus 3.87
Eucalanus 1.97
Undinula 1.94
Acartia 1.60

The second most abundant copepod, with a mean of 50 ‘'organisms/m3, was Centropages.
More were collected at station 4E than at any other station. This copepod appeared in trace
amounts in the winter, in small numbers at most stations in the spring, increased in the summer,
and reached maximum density in the fall. C. furcatus accounted for 87% of the genus, and C.
violaceus for 4.6%; the remainder was unidentified Centropages. Eucalanus had a mean density of
38 organisms/m3. Overall, the most were at station 7D. Three species were positively identified:
E monachus, 69%; E. attenuatus, 9%; and E. elongatus, trace amounts. Unidentified Eucalanus
accounted for 22%. Maximum numbers were collected during the fall cruise. ANOV (Appendix
3.5B in Volume 6) revealed a slight seasonal effect on the distribution of this group.

The mean abundance for Temora at all stations was 32 organisms/m3. This copepod was
present in low numbers at all stations in the winter, increased slightly in abundance in the spring,
increased again during the summer, and reached a maximum in the fall. Temora stylifera
accounted for 93% of the genus, followed by T. turbinata (5.8%) and unidentified Temora
(1.2%). Overall, this copepod was most abundant at station 4E. ‘

Euchaeta reached maximum abundance overall at station 7D. Mean abundance at all stations
was 16 organisms/m3. Euchaeta marina accounted for 34% of the members of the genus
collected; 65% were categorized as unidentified Euchaeta. Maximum numbers were recorded in
summer and fall and traces in winter and spring. Calculations of the two-way ANOV (Appendix
3.5B in Volume 6) indicated (PR > F = 0.0792) that there is some seasonal effect on this genus.
ANOV calculates the probability (likelihood) that the conditions observed would occur if there
was no difference between seasons. The resulting probability values fall between 0.0 and 1.0.
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Table 3.5-8. Copepods Collected in S05-um Mesh Nets

Species

Acartia danae
Labidocera aestiva

Parvocalanus (Paracalanus) spp.

Temora turbinata
Temora stylifera
Temora spp.
Cénrropages furcatus
Centropages violaceus
Centropages spp.
Nannocalanus minor
Nannocalanus spp.
Undinula vulgaris
Undinula spp.
Eucalanus attenuatus
Eucalanus elongatus

- Eucalanus mucronatus
Eucalanus monachus
Eucalanus spp.
Rhincalanus coronutus
Rhincalanus spp.
Clausocalanus arcuicornis
Calocalanus spp.
Calocalanus pavo
Euaetideus gresbrechti
Euchaeta marina
Euchaeta spp.
Scolecithrix danae
Scolecithrix spp.
Lucicutia spp.
Haloptilus longicoris
Haloptilus spiniceps
Candacia bipinnate
Candacia pachydactyla
Candacia spp.
Calanopea americana
Pontellina plumate
Aetidius spp.
Aetidopsis multisirata
Aetidopsis spp.
Neocalanus robustior
Calanus tenucornis
Oithona spp.
Corycaeus spp.
Copila vitrea
Copila quadrata
Sapphirina nigromaculata
Sapphirina opalina
Oncaea
Pachos punctatum
Cyclopoids (unidentified)
Peltidium sp.

Winter

X X X X

x

x

Season
Spring

X X X X X X X X X X X X X X X

X X X X X

xX X

X X X X

xX X

Summer

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 X X X X X X X X X

Fall

X X

X X X X

X X X

X X X X X X

X X X X x

X X X X
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Table 3.5-9. Copepods Collected in 202-um Mesh Nets

Species Winter

Acartia danae

Acartia spp.

Parvocalanus (Paracalanus) spp.
Temora turbinata

Temora stylifera

Temora spp.

X X X X X

Centropages furcatus
Centropages violaceus
Centropages spp.
Neannocalanus minor X
Neannocalanus spp.

Undinula vulgaris X
Undinula spp.

Epischura spp.

Eucalanus attenuatus X
Eucalanus elongatus
Eucalanus spp.
Rhincalanus coronutus
Rhincalanus spp.
Clausocalanus arcuicornis
Clausocalanus furcatus
Clausocalanus spp.
Ctenocalanus spp.
Calocalanus pavo
Calocalanus styliremis
Calocalanus spp. X
Euchaeta marina

X X X X X X

Euchaeta spp. X
Phaenna spinifera

Scolecithrix danae X
Scolecithrix spp.

Lucicutia flavicornis

Lucicutia spp.

Haloptilus longicornis

Haloptilus spp.

Candacia spp.

Candacia pachydactyla

Calanopia americana

Calanopia spp.

Neocalanus gracilis

Calanus tenuicornis

Pontellidae X
Calanus spp.

Mecynocera clausi

QOithona spp. X
Corycaeus spp. X
Farranula spp.

Copila vitrea

Season
Spring

X X X X X X X

x

X X X X

x

Summer

X

X X X X X X

x

X X X X

X X X X

Fall

X X X X X

X X X X X

xX X

X X X X X

X X X X

X X X X X X
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Table 3.5-9. Copepods Collected in 202-um Mesh Nets (Continued)

Season
Species Winter Spring Summer Fall

" Copilia spp. X

Sapphirina nigromaculata X X

Sapphirina spp. X

Oncaea spp. X X X X

Lubbockia spp. X

Ratania spp.

Cyclopodia (unidentified) X X X

Longipedia helgolandica X X X

Euterpina acutifrons X X X X

Clytemnestra rostrata X X X X

Clytemnestra spp. X

Macrosetella gracilis X X X X

Peltidium spp. X

Oculosetella spp. X

Tisbidae X

Harpacticoid (unidentified) X X

Probabilities near 1.0 indicate that the values observed do not significantly differ from what
might be expected if there was no difference between seasons. Probability values near 0.0 (0.10,
0.05, 0.01) indicate that the observed data are unlikely to occur if there is, in fact, no difference
between seasons.

Copilia vitrea comprised most of the Copilia captured, but several specimens of C. quadrata
also were identified. Mean density was 16 organisms/m3, with the maximum occurring in the
fall. Overall, station 2E yielded the greatest numbers of this copepod.

Mean density for Corycaeus was 13.20 organisms/m3, with maximum numbers occurring
during the fall cruise. Station 2E was the area of greatest abundance.

Scolecithrix increased in abundance during summer and fall, and 99% of the identified
specimens were Scolecithrix danae. Station 2E was the area of greatest abundance.

Nannocalanus minor and Candacia spp. appeared sporadically, with Candacia reaching
maximum numbers at station 2E and Nannocalanus peaking at station SE. Analysis of variance
of the Candacia data suggested that the distribution of this species might be affected by season
(PR = 0.113).

Other copepods appeared periodically and sporadically, but none were sufficiently abundant
to be considered important.

(2) 202-um Net

Parvocalanus (Paracalanus) dominated zooplankton tows with the 202-um net, accounting
for approximately 33% of the total copepods. Mean density for this group was 104
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organisms/m3, maximum numbers were collected during the spring series, and station SE was the
richest area. ANOV (Appendix 3.5B in Volume 6) showed a definite seasonal effect. Although it

is likely that several different species were present, all specimens have been included in the one
category.

The second most abundant copepod in the 202-um net was Temora, which had a mean
density of 179 organisms/m®. Numbers collected were maximum during summer and generally
higher at station 4E. Temora stylifera comprised 16% of the genus and T. turbinata 49%; the
remainder were unidentified Temora. Calculated values from ANOV showed PR > F = 0.0992,
which indicates a seasonal effect.

Based on mean densities, three cyclopoid copepod genera made up the three next most
abundant groups. Ranking third was Oncaea with a mean density of 177 organisms/m3. There
was no attempt to break down Oncaea into component species. Station 1D was the area of
greatest abundance and had large numbers throughout the study. ANOV values showed both a
seasonal and station effect on this copepod group. Corycaeus species, with a mean density of
168 organisms/m3, was omnipresent; abundance peaked at stations 4E and SE during most of
the year, and numbers were maximum in summer samples. The two-way ANOV showed both a
seasonal and a station effect. Oithona species had a mean density of 74 organisms/m3; station 2E
had the summer and fall maxima, although this copepod was found everywhere. As with the
other cyclopoids, the ANOV showed a seasonal effect but no station effect.

Centropages and Clausocalanus had mean densities of 73 organisms/m3. Centropages was
most abundant overall at station 4E and demonstrated maxima during spring. Centropages
furcatus made up approximately 50% of the genus; there were trace amounts of C. violaceus, and
50% were unidentified Centropages. Clausocalanus reached maximum numbers during fall
sampling and was most abundant at station 1D. Clausocalanus arcuicornis comprised 19% of the
group and C. furcatus 28%; 53% were unidentified Clausocalanus. ANOV showed a definite
seasonal effect.

Eucalanus had a mean density of 37 organisms/m® and comprised 1.97% of the total
copepods. Numbers were maximum in the fall, and station 4E yielded the largest amounts.
Eucalanus monachus made up 40% of the group and E. attenuatus 21%; there were trace
amounts of C. elongatus, while 38% were unidentified Fucalanus. ANOV (Appendix 3.5B in
Volume 6) indicated a station effect for this group.

Undinula, with a mean density of 37 organisms/m3, reached maximum numbers at station
1D; a fall maximum prevailed, with minimum numbers occurring in the winter. Undinula vulgaris
accounted for 54% of the group, and 46% were unidentified. ANOV demonstrated a seasonal
effect but no station effect.

Acartia reached maximum density in the spring, and station 1D had the peak abundance.
Approximately 50% of the population was identified as Acartia danae, while 50% remained
unidentified. A seasonal effect was determined with ANOV.

As in the larger-mesh net, there were smaller numbers of numerous other copepods
(Table 3.5-9).
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b. Gastropoda

Mean density of gastropods in the 505-um net was 118 organisms/m3. Fall sampling yielded
the most, and station 2E had the maximum. Pteropods comprised 91% of the gastropods; further
identification was not made.

Gastropods were slightly less abundant in the 202-um net (86 organisms/m3 ). Mean density
peaked in the spring. Station 1D yielded the greatest abundance. Pteropods made up 76% of the
gastropod identification. ANOV values indicated a seasonal effect on both pteropods and
gastropods.

¢. Decapoda

Decapods ranked third in abundance in the 505-um net and fifth in the 202-um net. Mean
density in the coarse net was 209 organisms/m3, with brachyura larvae accounting for 23%,
Lucifer 33%, Coridea 19%, and unidentified decapods 10%. Fall samples yielded maximum
numbers, with station 2E samples possessing the largest numbers of all categories. Decapods in
the 202-um net had a mean density of 91 organisms/m3; abundance peaked in spring sampling,
and stations 3E and SE yielded the most. Lucifer (45%), brachyura (18%), and unidentified
decapods (37%) were dominant. ANOV demonstrated a seasonal effect for decapods captured in
the fine-mesh net.

d. Chaetognatha

All chaetognaths have been identified to the genus Sagitfza, which ranked fourth in the
505-um net and sixth in the 202-um net. The mean in the coarse-meshed net was 158
organisms/m3, with more organisms being collected at station 2E. The period of maximum
abundance was spring. The fine-meshed net had a lower mean density (84 organisms/m® but a
similar spring maximum, and station 4E was the locale of greatest abundance. ANOV for
distribution showed a seasonal effect in both series, but the coarser net had slightly lower limits.

e. Ostracoda

This group ranked second in the fine-meshed net and fifth in the coarse-meshed net: mean
density was 727 organisms/m® and 151 organisms/m3, respectively. The former was primarily
caused by a large influx of ostracods at station 2E during the summer. The largest numbers in
the coarse-meshed net occurred in the fall.

f.  Amphipoda

Hyperids dominated the makeup of the amphipods in both types of net: 71% in the
505-um net and 77% in the 202-um net. Mean densities were 49 organisms/m® and 21
organisms/m3, respectively. Station 2E had the coarse-net maximum in the fall, and station 4E
had the fine-net maximum in the summer.

g.  Urochordata
Larvacea dominated the pelagic tunicates, making up 83% of the fine-mesh net catches (164

organisms/m?) and 67% of the coarse-mesh net catches (30 organisms/m3). Larvacea comprised
two genera, Oikopleura and Fritillaria, while Thaliacea comprised both salps and doliolids.
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h. Other Groups

At various times mysids, echinoderm larvae, bivalve larvae, cladocerans (Penilia), cnidarians,
barnacle larvae, and polychaetes contributed to the zooplankton (Table 3.5-4). (A complete list
of taxa is given in Appendix B of Volume 2.)

B. ANOV OF DENSITY OF KEY GROUPS

The two-way ANOV between density of key groups and season and station (Appendix 3.5B
in Volume 6) vyielded mixed results. The only groups common to both net sizes were
chaetognaths and the copepods Fuchaeta and Eucalanus. The 202-um net showed significant

correlation for many more copepods than did the 505-um net (Table 3.5-10).

Table 3.5-10. ANOV Density of Key Groups With Seasons and Stations?

Net

505 um

202 um

Group

Chaetognatha
Larvacea
Salpa
Siphonophora
Hydromedusa
Cirripedia
Euchaeta
Eucalanus
Candacia

Chaetognatha
Pteropoda
Gastropoda
Polychaeta
Decapoda
Copepoda
Centropages
Eucalanus
Clausocalanus
Undinula
Temora
Euchaeta
Corycaeus
Oncaea
Oithona

ADenotes significance.

Season

X X X X X X X X X X X X X X X

X X X X X X X

Station

C. ASH-FREE BIOMASS AND ORGANIC CARBON IN WATER

Multiple regression analyses (Appendix 3.5A in Volume 6) were conducted on ash-free
dry-weight samples from both the fine-mesh and coarse-mesh nets and on organic carbon in both
the bottom and the water column. Organic carbon included particulate organic carbon, dissolved
organic carbon, and chlorophyll a. There were no significant correlations, with the possible
exception of a slight seasonal effect between 202-um biomass and POC, DOC, and chlorophyll a.

202
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D. CORRELATION OF ASH-FREE BIOMASS WITH NUTRIENTS
AND WATER QUALITY

Results of the correlation of biomass from both nets with nutrients and water quality
(Appendix 3.5A, Volume 6) showed few significant relationships, although a slight correlation
could be seen between 202-um biomass and chlorophylla, dissolved oxygen, and water
temperature. Significant correlation for 505-um biomass could be seen only with SiO; in the
water column.

E. COMPARISON OF NET BIOMASSES

The analysis of variance for a comparison of biomass using all data from all stations
occupied during the SABP (Appendix 3.5A) indicated that any difference between the two nets
was random. The calculated probability (PR = 0.5725) indicates that data were within the range
of natural variability in collections if the nets were equivalent in sampling ability.

F. DIVERSITY

The number of taxa from cruise to cruise varied from 21 during the winter cruise at station
2E to 52 at station 7D during the fall. Shannon-Weaver diversity test results are presented in
Table 3.5-11. Shannon-Weaver diversity values (H) vary between 0.0 and the log, of the number
of species collected. In general, the higher the value of H, the more heterogeneous the
community (many species, few individuals); and the lower the value of H, the more
homogeneous the community (few species, many individuals). Most of the diversity (H) values
are high and tend to increase toward summer. The statistic J provides a measure of the closeness
of a community of x taxa to one in which each of x taxa occurs with equal frequency. Evenness
as denoted by J takes on values between 0.0 and 1.0. Small values are generally associated with
community dominance by a few taxa while high values indicate similar occurrence of all taxa in
the community. J values for the SABP zooplankton studies were generally high and like the H
values, tended to increase during summer. A very low H value was recorded for the 202-um net
during summer at station 2E because of the dominance of ostracods in the sample.
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Season

Spring

Spring

Winter

Winter

Summer

Summer

Fall

Fall

Net

505 pym

202 um

505 um

202 um

505 um

202 pm

505 um

202 um

Table 3.5-11. Shannon-Weaver Test Results

Indices?

g = n =X =@ -@m =Dm -3 -

1D
3.65
0.65

3.38
0.68

2.59
0.55

3.06
0.61

4.35
0.79

3.83
0.73

4.06
0.78

4.21
0.80

Estimates of Taxa Diversity and Evenness

2E
2.02
041

3.68
0.72

3.39
0.77

3.65
0.77

4.16
0.75

1.86
0.38

385
0.78

3.85
0.73

4E
3.44
0.69

3.49
0.70

3.32
0.72

3.80
0.77

?

3.60
0.73

3.94

0.79-

4.01
0.77

SE
29.5
0.64

2.66
0.51

4.15
0.81

4.16
0.79

4.23
0.79

3.77
0.71

4.31
0.83

4.35
0.84

6D
3.34
0.69

3.51
0.68

4.14
0.81

3.66
0.82

4.28
0.82

3.30
0.63

4.25
0.80

4.29
0.77

aY = diversity; High values indicative of many species, few individuals; low values indicate

J = evenness;

few species, many individuals.

7D
3.38
0.64

3.89
0.72

4.07
0.79

3.76
0.77

4.09
0.76

4.18
0.74

4,18
0.80

423
0.74
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SECTION 4
DISCUSSION

Numerous studies have shown the inadequacy of collecting zooplankton in any one net;
typically, a particular mesh size is selected in order to capture a specific group. Since the SABP
already was dedicated to gaining as much information as possible on south Atlantic zooplankton
population, the use of two different mesh-size nets, a coarser mesh (505 um) and a finer mesh
(202 um), was an important aspect of the program design. ANOV of biomass values from both
nets indicated that there was no significant difference between net biomass catches; any
differences were attributable to randomness.

The mean number of organisms collected by the 505-um net during the entire survey was
212 organisms/m3; 37% of the total zooplankton population collected could be attributed to
copepods and 34% to calanoids. The 202-um net yielded a mean of 536 organisms/m3;
approximately 58% of the total zooplankton population was copepods, with calanoids accounting
for 43%. Thus, it becomes clear that a large portion of the copepods being collected by the
202-um net represented ‘“‘other” copepods, primarily smaller cyclopoids of the genera Oncaea,
Corycaeus, and Oithona, that were not being collected in any quantity in the larger-meshed net.

Table 3.5-1 in Section 3 shows the dominant groups collected by each net; the same groups
are represented, although ranked differently. Again, the smaller organisms (e.g., larvacea and
doliolids) were collected in higher numbers by the smaller mesh, while some of the larger forms
(e.g., decapods and chaetognaths) were collected more efficiently by the larger-meshed net. One
further point which should be made here is that the mesh size of the smallest net was still too
large to retain many of the developmental stages of crustacea, especially copepods; as a result,
few nauplii of copepods were collected.

According to St. John (1958), maximum numbers of zooplankton off North Carolina occur
on the outer half of the continental shelf near the 40-m depth contour. All the stations used for
the SABP zooplankton survey were in this area, which presumably represented the richest
zooplankton areas along the shelf. Also, the mean abundances (numbers of organisms per cubic
meter) of zooplankton collected by Grice and Hart (1962) in their survey from New York to
Bermuda using a 230-um net were: neritic, 1,540; slope, 310; Gulf Stream, 134; and Sargasso
Sea, 71. The SABP study’s means of 212 organisms/m3 and 563 organisms/m3 (both nets) place
it between the neritic and slope areas of Grice and Hart. The higher number associated with the
202-um net is probably the more legitimate number to use, since this net is essentially the same
as that used by Grice and Hart. The abundance of zooplankton in the study area is somewhat
higher than the mean of 234 organisms/m3 described by Fish (1954) for the Sargasso Sea but
substantially below that described by Lonsdale and Coull (1977) in a shallow-water estuary in
South Carolina.

A similar trend may be seen from the biomass dry-weight mean values of 6.48 mg/m?® and
13.93 mg/m3, for the 202-um and 505-um nets, respectively. Bsharah (1957) found an average
dry weight of 0.45 mg/m3 in the Florida Current off Miami; Menzel and Ryther (1961) recorded
an average of 2.61 mg/m3 off Bermuda; and the study of Lonsdale and Coull (1977) at North
Inlet near Georgetown, South Carolina, described a biomass dry weight of 162 mg/m3. The
SABP study area would seem to be intermediate between higher neritic values and lower Guif
Stream-Sargasso Sea numbers.
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An attempt was made to correlate biomass (ash-free dry weight) with organic carbon in the
water and with nutrients and water quality (Appendix 3.5A in Volume 6). Few correlations were
significant. A significant correlation was found between the season and POC, DOC, and
chlorophyll a for the 202-um net; and significant correlations were seen for 202-um biomass and
chlorophyll a, dissolved oxygen, and temperature. Significant correlations for the 505-um
biomass existed for SiO, in the water column. The lack of significant correlations in some cases
was unusual; for example, one would expect to find a correlation of 505-um biomass with
chlorophyll a as well as with 202-um biomass, etc.

The mean abundance of zooplankton in the 505-um net was low in the winter, gradually
increased in spring and summer, and was much larger in fall. The highest mean in the fall was
the result of unusually large samples collected at stations 2E (3,200 organisms/m3) and 7D (869
organisms/m3). The increase at station 2E was not the result of an influx of any one major
group of organisms or of water mass since water quality remained essentially similar to that at
the prior station; rather, it represented a large increase in many different groups. A possible
explanation comes from the sample at station 4E, which could have represented the
time-of-dawn rise of zooplankton before their descent from the surface areas; this would result in
a very rich zooplankton haul. No such explanation is available for the sample collected at station
7D at 1345. If the two unusual tows are not calculated in the mean, then the fall mean is
slightly less than that of the summer. Zooplankton in the 202-um net was minimal in the winter
and maximum in the summer. Values from both nets agreed with summer peaks of abundance in
other studies in adjacent offshore waters.

Station 2E appeared to be the area of highest mean density and station 6E the area of
lowest mean density for both the coarse-mesh and fine-mesh nets. The maximum at station 2E
with the 505-um net was primarily a result of fall zooplankton, but no hydrographic or physical
phenomenon seems to explain the 202-um maximum at station 2E or either net’s minima at
station 6D.

As in most of the previous studies in adjacent areas, copepods dominated SABP zoo-
plankton tows. Fish (1954) recorded 62%, Menzel and Ryther (1962) 61 to 79%, Grice and Hart
(1962) 51%, and Deevey (1971) 70%. Copepods were most abundant at station 1D in the
202-um net and at station 7D in the 505-um net.

According to Bowman (1971), calanoid copepods may be used as associations to determine
the type of water that is present. He lists Paracalanus parvus, Centropages furcatus, Eucalanus
pileatus, and Temora turbinata as members of the shelf association; Calanus minor, Undinula
vulgaris, Euchaeta marina, and Clausocalanus furcatus as oceanic association members; and
Acartia tonsa and Labidocera aestiva as comprising a coastal association. Based on this scheme of
classification, all stations are a combination of shelf or shelf-oceanic associations. SABP station
1D was essentially a shelf association with the occasional presence of oceanic-association
copepods; 2E seemed to be a mixture of both shelf- and oceanic-association copepods; 4E, like
1D, had dominant shelf-association copepods and occasional oceanic copepods; and 5E had a
mixture of shelf- and oceanic-association copepods; station 6D seemed to represent the best
example of shelf association, having only a rare appearance of oceanic copepods, and 7D was a
good mixture of both shelf and oceanic species. The coastal association is undoubtedly inshore
away from these shelf stations, since few Labidocera or Acartia copepods were found. Thus,
based on calanoid copepods, the SABP zooplankton samples were collected primarily in shelf
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water with varying degrees of influence from offshore water. One might have expected stations

2E and 7D to have contained a higher percentage of offshore forms because of their offshore
proximity.

Investigators studying nearby waters have mentioned the abundance of various groups and
their importance in zooplankton tows: Bumpus and Pierce (1958) and Pierce and Wass (1962)
discussed the significance of chaetognaths of south Atlantic areas; Chen and Hillman (1970)
described the pteropods off Cape Hatteras and their use as indicators of water masses; and
Deevey (1971) mentioned the great abundance of ostracods in her samples. Each of these groups
was a significant part of the zooplankton collected during the SABP study. Several other groups
also were prominent in zooplankton samples from both net sizes, e.g., decapods and
urochordates. The latter were represented by oikopleurans and doliolids, which indicate a more
oceanic type of water; these were most abundant at stations 2E, SE, and 7D. Other groups
appeared sporadically. Euphausids were conspicuous by their absence in many of the samples.

Holoplanktonic forms tend to dominate zooplankton samples—and this survey was no
exception. Because most of the samples were away from the coastal area, holoplanktonic
numbers were quite high: collections were approximately 95% holoplankton in the 202-um net
and 85% in the 505-um net.

As mentioned earlier, a two-way ANOV was run using each of the 43 main taxa (Table
3.5-10). There was little agreement between the analyses run on both mesh sizes; the 505-um net
showed significance with nine groups, while the 202-um net showed significance with 15 groups.
Mesh clogging and selective sampling by the 202-um net was probably responsible for the
inconsistency, and there is some question about the validity of these findings.

Results of the Shannon-Weaver test (Table 3.5-11) showed both sets of values (H and J) to
be very high, with several exceptions as explained in Section 3. From the data, it is possible to
conclude that the entire zooplankton sampling area is one of very high diversity. There is a slight
tendency for an increase in diversity toward the summer period. These diversity values may be
important in the future, since any perturbation that is harmful to the system may be detected
with this type of analysis.

It is exceedingly difficult to understand zooplankton populations based on samplings
conducted every 3 months. Earlier comments in this chapter refer to the dynamic nature of
zooplankton and the rapid changes that may take place. When possible, samples should be
collected weekly; however, in this sort of project, such an undertaking would be impossible. It
would have been helpful, however, to have had at least one or two areas that could have been
sampled on a monthly basis; this would have given some idea as to the reliability of data from
other stations. More information would have been provided, also, if one or two coastal stations
or at least one transect from west to east had been included with several additional stations; this
may have provided information on coastal associations.

When few plankton samples are collected in a survey, it is better to collect the samples at
approximately the same time to minimize sampling bias. If one of a series of six samples is
collected during the dawn rise of a vertical migration, this sample will contain greater numbers
than will a sample collected during midday in clear water when many of the plankters are near
the bottom. On the basis of this, some bias may be encountered in some of the tows.
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There is evidence to support the concept that the outer half of the shelf area in the
southeastern Atlantic Ocean is rarely invaded by coastal water and its constituent fauna and that
shelf water predominates with periodic inshore movement of oceanic water. The most immediate
marker of this activity is the calanoid copepod association described by Bowman (1971).

The major pollution problems that are likely to occur in this study area are related to
offshore drilling for oil and concomitant release of drilling fluids, turbidity, and oil. Plankton
populations may be temporarily disrupted, but they probably will return to a normal state if the
pollutants are not longlasting. Jeffries and Johnson (1976) assessed the effects of petroleum on
zooplankton of the shelf area, finding that there might be some short-term difficulties for
copepods at point discharges but that lasting damage does not seem likely. Low-level petroleum
pollution seemed to have little effect on copepod populations. Jeffries and Johnson noted,
however, that various members of the meroplankton may be harmed to a greater extent. These
investigators also generalized that the direct effect of energy-related activities on copepods is not
a concern in open coastal areas in the mid-Atlantic Bight.

Further sampling would permit an increase in the confidence limits of the diversity index.
This may well be the best measure of perturbation on the zooplankton community.

In spite of the problems encountered and the deficiencies noted, this plankton survey
represents a definite first step toward an understanding of the zooplankton in the southeastern
Atlantic Ocean area of the United States.
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SECTION 5§
CONCLUSIONS

Numbers of zooplankton collected during the SABP survey (212 organisms/m® and 563
organisms/m® by the 505-um and 202-um nets, respectively) were intermediate between
those in the neritic and slope areas reported by other investigators.

Zooplankton peaked in abundance during the summer, with SABP station 2E appearing to
be the richest zooplankton area and station 6D the most impoverished.

Ash-free, dry-weight biomass showed little correlation with various constituents in the water
column.

Copepods dominated plankton samples in both the 505-um and 202-um nets: Parvocalanus
dominated the fine-meshed net; Undinula dominated the coarse-meshed net.

Important constituents of the plankton were chaetognaths, ostracods, decapods, gastropods,
and urochordates.

Calanoid copepod associations may be used to determine whether shelf water or a
combination of shelf and oceanic water is present; stations 2E, SE, and 7D were categorized
as having a mixture of shelf and oceanic forms.

The Shannon-Weaver diversity index showed the sampling area to be one of high diversity,
tending slightly toward an increase in the summer. With adequate background information,
it may be possible to use the diversity index to measure the effect of perturbations on the
environment.
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CHAPTER 6

EPIFAUNA: BENTHIC INVERTEBRATE AND DEMERSAL
FISH POPULATIONS OF SOUTH ATLANTIC/GEORGIA BIGHT
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ABSTRACT

The results of otter traw! sampling of benthic epifaunal invertebrates
and demersal fishes at 24 stations located on seven transects across the
continental shelf in the south Atlantic Bight are summarized. Replicate
samples were taken during all four seasons of the 1977 South Atlantic
Benchmark Program. A previously unknown live-bottom area was
identified off South Carolina.

Statistical treatment of data to determine similarity between stations
indicated the presence of four distinct longitudinal faunal zones. The
boundaries of these shelf faunal assemblages showed seasonal fluctuations
that may have been induced by Gulf Stream cddies and consequent
changes in shelf hydrography. Cluster analyses revealed that the deep
assemblage of fishes and invertebrates was faunistically disjunct from the
shelf zones.

While the shelf environment in the Georgia Bight is largely composed
of sand-bottom areas of low epifaunal biomass, patchy reef outcrops
support a rich assemblage of epifauna and reef fishes. Epifaunal distribu-
tion patterns and ichthyofaunal diversity indicate a healthy environment.
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SECTION 1
INTRODUCTION

The epifaunal benthic communities over the inner and outer continental shelf environments
off the southeastern United States are typical temperate-tropical faunal assemblages (Menzies
etal., 1973). The epifauna distribution is evidently influenced by the Gulf Stream and the
topography of the shelf, which is relatively narrow off the Florida coast and broadens northward
to 80 to 85 km off the Carolina coast. The shelf in the Georgia Bight is devoid of canyons
that characterize the mid-Atlantic shelf; and the seafloor is relatively smooth, with a some-
what homogeneous terrain composed of a foraminiferan sand-mud matrix occasionally
containing shell-hash and gravel. Macintyre and Milliman (1970) described the physiography of
this shelf. The exceptional physiographic feature is the patchy occurrence of ledges, rock
outcrops, and reefs of different configurations that support rich epifaunal growths and associated
fish fauna.

In the nearshore environment, particularly within 5 km off the North Carolina coast,
“coquina” or ‘“blackrock’ formations occur at depths of 5 to 15 m (Pearse and Williams, 1951).
Except for the ahermatypic solitary coral Oculina, reef-building corals are generally absent in
such formations. In this hard-substrate area is the fossil pelecypod Venus gardeneri and a faunal
assemblage that includes primarily boring and sessile clams, the sessile snail Vermicularia spirata,
and tubiculous polychaetes. However, reef-forming coral species occur in the outcrops in the
midshelf areas in Onslow Bay (Macintyre, 1970). The dominant reef-forming tropical coral
species on the south Atlantic shelf are Solenastrea hyades and Sidestrea siderea. The rich
epifaunal community associated with these outcrops constitutes the “live-bottom area,” which is
dominated by a variety of sessile invertebrates, including sponges, bryozoans, seapens,
hydrozoans, and corals. The areas also apparently support a variety of commercially and
recreationally important fin-fish fishes that include the porgy Pagrus, grouper Epinephelus,
snapper Lutjanus, and grunts Haemulon (Huntsman, 1976). Live-bottom areas are also known to
exist off Georgia (Hunt, 1974) and off the Florida coast (Moe, 1963), but knowledge is meager
with reference to the precise size, extent, bottom relief, and epifaunal community structure of
these coral patches.

Along the shelf break approximately 76 km from the North Carolina coast at a depth of 80
to 110 m, lithothamnion reefs have been reported (Menzies et al., 1966), with sessile species that
include gorgonians, hydroids, bryozoans, and echinoids. The epifauna in the reef areas exhibit a
tropical affinity because of the impact of the northward-flowing warm Florida Current, which is
by and large responsible for introducing southern species into the OCS environment of the
Carolinas and Georgia. In a recent dredging and submersible study off Fort Pierce, Florida, rich
aggregations of motile invertebrate epifauna and fish populations were found in association with
exposed limestone bedrocks, with flourishing scleractinian coral colonies of Oculina vericosa at
the shelfslope break (Avent et al., 1977).

Clearly, from the information cited above, various types of live-bottom areas show a patchy
distribution both in the nearshore and offshore shelf in the Georgia Bight regions. In the 24
trawl stations established in seven selected transects within the shelf from Cape Fear to Cape
Canaveral in the 1977 SABP study, only one live-bottom station (2D) off the South Carolina
coast was encountered. Undoubtedly, the reef formations are localized.
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The most conspicuous bottom type in this continental shelf environment is evidently the
sand-mud matrix: stretching from Cape Hatteras to Cape Canaveral, it occupies far more than
90% of the shelfs surface area. From a zoogeographic point of view, it is characterized as the
Carolinian province. The northern inner shelf is very much in confluence with the Virginia faunal
province, and the southern part merges with the tropical Caribbean faunal province; therefore,
the shelf contains a transitional fauna that is primarily a mixture of northern and southern
species with some endemic species. The zoogeographic generalization is thus far determined on
the basis of nearshore epifauna (Johnson, 1934; Hedgpeth, 1953). The present study engulfs a
broader mesoscale approach to epifaunal distribution and deals with the entire Carolinian
province, including stations (Figure 3.6-1) originating at shallow nearshore areas and stations
beyond the shelf break along seven different transects off the coasts of North Carolina (33° to
34°N), South Carolina (32°N), Georgia (31° to 32°N), and Florida (29° to 31°N). This SABP
report, therefore, provides information pertaining to broad qualitative patterns of latitudinal and
longitudinal epifaunal distribution over the Georgia Bight shelf region.

The epifauna, including large invertebrates and demersal fishes in this shelf province, has
been adequately studied from a taxonomic point of view ever since early explorations by such
research vessels as the Blake (Agassiz, 1888) and the Albatross (Townsend, 1900). Because of
this, most species collected during this project, both fishés and invertebrates, were found to be
identified species. Also, monographic studies, such as the extensive work by Williams (1965) on
the decapod crustaceans that constitute a prominent component of the epibenthos, contributed
substantially to an understanding of this shelf’s epifaunal species composition. The epifaunal
community, however, has not been examined previously from a quantitative standpoint with
emphasis on seasonal variations in distribution.

A 1966 study (Ceramé-Vivas and Gray, 1966) of the epifaunal invertebrates of the North
Carolina continental shelf from near shore to shelf break established the distinct latitudinal
variation between a nearshore epifaunal community that is influenced by the cold Virginia

Current and an offshore epifaunal community that is influenced largely by the warm Gulf
Stream. There is also a considerable body of literature covering the systematics and, secondarily,
various aspects of the ecology and life histories of Carolinian fishes (see Dahlberg, 1975, and
contained references). Many of these references were useful for identification purposes, but the
ecological information was of little use; much of it pertained to estuarine and nearshore species
or to Gulf of Mexico components of the Carolinian fauna. Biological information is sparse, even
for commercially important species. Beaumariage and Bullock (1976) could cite only three
comprehensive life-history studies on red grouper and red snapper. Basic resource assessment
information, on the other hand, has been accumulating for quite some time. The fisheries
resources of the continental shelf from Cape Hatteras to Cape Canaveral have been the subject of
considerable research for many years. The U.S. Bureau of Fisheries conducted a study of the
coastal shrimp grounds between Cape Romain, South Carolina, and Cape Canaveral from 1931
to 1935; fishes caught incidental to the shrimp were discussed by Anderson (1968). Also, from
1953 to 1954, the Bureau of Commercial Fisheries conducted nine cruises between Cape
Hatteras and Jupiter Inlet, Florida (see Moore and Gorsline, 1960, and contained references);
these cruises collected plankton, hydrographic data, and sediment samples. From 1959 to 1964,
the Bureau of Commercial Fisheries conducted a comprehensive exploratory fishing survey in the
same area; results from the more than 900 stations were analyzed and discussed by Struhsaker
(1969). However, because all this research, as well as some subsequent National Marine Fisheries
Service research (Wilk and Silverman, 1976) was directed toward fisheries, none of it approaches
the comprehensive nature of the Bureau of Land Management South Atlantic Benchmark
Program.

215 Equipment Group



82° 81° 80° 79° 78° 77°
340 34°
1
| {
SOUTH CAROLINA S ¢
ROMAIN ‘»\'
33° -.]— ,/./'; L 330
CHARLESTON /
o/
3pe I SAVANNAH Ll 300
j GEORGIA
\ £
o JiI SAMPLED SUMMER AND A a0
3 . ,5 ® WINTER 1977 3
-}’ @ SAMPLED ALL FOUR SEASONS
J %
ATLANTIC OCEAN
I S N |
B ; %6
JACKSONVILLE
3o° "]- « 300
I \
| FLORIDA \
\ ® " I
l \ A i) ,
\ )
\ DEPTH CONTOURS
DAYTONA aEAch IN METERS
29° Q 4 4 4 I T
9 ) === E—  E—— - i ;  — M == . ——— . . = — 29°
82° al° 80° 79° 78° 77°

SCALE 12 3,000,000

Figure 3.6-1. Otter-Trawl Stations in Shelf Transects

216 Equipment Group



o

i3

The epifaunal data obtained during the extensive SABP sampling survey deal with demersal
fishes and invertebrates commonly captured in otter trawls. The program employed a 45-ft otter
trawl and, therefore, collected only large epifaunal organisms such as fishes, crabs, and
echinoderms; characterization of molluscan fauna would have required appropriate sampling with
a “tumbler” or scallop dredge. The otter trawl samples were obtained from 24 stations (Figure
3.6-1) during summer and winter of 1977; during spring and fall, only 15 of the 24 stations were
reoccupied. This portion of the SABP study was conceived to characterize the epifaunal
communities of the shelf in conjunction with the establishment of a baseline biological data base
for future evaluations of the environmental impact of oil resource developments. This report on
epifauna focuses primarily on the following major objectives:

° Evaluation of species similarity between stations to determine faunal alliance on the
basis of cluster analysis using results of the Jaccard similarity index and the Morisita
index for both demersal fishes and invertebrates during the four seasons of the year

e Examination of apparent patterns of demersal fish and invertebrate distribution in
relation to distance from shore in the inner-shelf, midshelf, and offshore stations in the
vicinity of the shelf break

® Assessment of significant within-station temporal epifaunal changes during the four
sampling periods

®  Characterization of the epifaunal community in the hard substrate or live-bottom
stations and its affinity with other shelf stations

® Estimation of the relative abundances and biomasses of dominant, commercially
important fish and crustacean species.
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SECTION 2
MATERIALS AND METHODS

This study is based on epifauna samples obtained with an otter trawl at stations on seven
transects (Figure 3.6-1) during the four seasons of 1977.

The wet-weight biomass of individual species of invertebrates and fishes was evaluated, and
the species were enumerated to document their relative abundance. Voucher specimens were used
for species identification. The relative abundance of individual taxa was determined in terms of
percentage representation in the total biomass of the stations sampled.

The relative abundance, exact number captured in 30-min trawls, and biomass were used for
data analysis leading to determination of similarity or dissimilarity between pairs of stations. The
statistical procedures included the Canberra metric analysis, Jaccard index for similarity matrix
development, and Morisita similarity index. (A detailed discussion of these three statistical
methods appears in Volume 2). The Canberra metric analysis was used in this study only on the
demersal fishes; the method has utility when distribution of the subject organisms is patchy
(Musick, 1975). The Jaccard and Morisita similarity indices were used for both invertebrates and
fishes. It should be pointed out that the Jaccard index measures similarity on the basis of the
presence of species common to both stations being compared; the Morisita index reveals a
similarity between stations not only on the basis of mere presence or absence of species, but also
on the basis of the relative abundance of those species commonly encountered.

A similarity matrix tree involving all the stations sampled in the four different seasons was
generated. On the basis of a cluster analysis (see Volume 2 for detailed description), the results
were carefully analyzed to draw dendrograms to distinguish the formation of different clusters of
stations within the area under study. From these dendrograms, a map was prepared to show the
precise location of the clusters containing member stations of statistically significant faunal
affinity for each season.

An extensive literature survey of earlier studies formed the basis for generalizations
pertaining to latitudinal epifaunal distribution patterns of zoogeographic significance and
zonation patterns over the shelf from the nearshore environment to the shelf break in the
Georgia Bight shelf region.
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SECTION 3
RESULTS

A. BENTHIC INVERTEBRATES

The dendrograms derived from the cluster analysis using both the Jaccard and Morisita
indices of similarity revealed apparent faunal zones within this shelf environment from North
Carolina to Florida. Such a zonation within the shelf indicates the presence of four distinct
faunal assemblages: nearshore, midshelf, outershelf, and upper slope (deep). Although the four
different assemblages can be demarcated by the cluster analysis in all four seasons of the year,
the boundaries of the cluster have a tendency to vary from one season to another, suggesting
seasonal shifts in species distribution and population dynamics at all 24 stations.

The stations within the four faunal assemblages invariably showed a relatively higher affinity
in terms of the Morisita index than the level of similarity by the Jaccard index. The range of
Jaccard similarity between members of the cluster varied between 28 and 54, while the Morisita
level of similarity between stations in the cluster varied between 0.50 and 0.99. However, both
methods generated dendrograms of comparable station alliance with four different clusters in all
four seasons. Within the shelf region in the south Atlantic Bight, obvious seasonal variations in
the geographic distribution of the cluster were apparent. It is, therefore, pertinent to examine
the cluster distribution by season.

1. Clusters

a. Winter 1977

Four station clusters were recognized from the winter epifaunal invertebrate data (Figure
3.6-2). It is of interest to note that all sampling stations inshore of the 20-m isobath (1C, 2B,
3B, 4C, 5A, and 6B) belonged to the nearshore cluster. The midshelf cluster included stations
from all seven transects, although most members were off the Georgia and South Carolina shelf
at depths of 20 to 180 m (1D, 2E, 2D, 3D, 4D, 4E, 4F, 5C, 5D, 5G, 6C, 6E, and 7C). This
region is under the intermittent influence of the Gulf Stream intrusions onto the shelf. The
outer-shelf cluster contained only two member stations, 2F and 3E, both located at the shelf
break in the northern area. The upper-slope (deep) cluster was distinct and included 7E and S5I.
These two deep (226-m) stations, located beyond the shelf break, generally included members of
the archibenthal fauna typically found on the upper continental slope and fewer epifaunal
invertebrate species.

b. Spring

During the spring (Figure 3.6-3), four clusters of stations were identified on the basis of
epifaunal distribution. Near shore, the cluster included 2B and 4C as in the winter, but did not
contain the southern nearshore stations 5A and 6B. This situation may be attributed to the
warming trends and, therefore, the gradual depletion of northern faunal elements in the southern
nearshelf zones. Other stations embraced in this spring cluster were 2D and 2E off South
Carolina. The spring midshelf cluster included the northernmost station 1D and the three
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midshelf stations 4E, 5C, and 5D off Georgia. Stations located in the vicinity of the shelf edge

(3E, 4F, 5G, 6E, and 7C) comprised the outer-shelf cluster. On the upper slope (deep), there was
a single station, 7E, that appeared to be faunistically isolated from all the others.

¢.  Summer

The epifaunal invertebrate clusters for the summer (Figure 3.6-4) also showed clearly the
four faunal assemblages, but there was a remarkable variation in the geographic boundary of the
summer clusters compared with those of the preceding seasons, the most conspicuous being the
considerable extension of the outer-shelf faunal assemblage toward the north into the Carolinas
and a concurrent reduction of the nearshore faunal assemblages, particularly off South Carolina.
The summer cluster contained stations 1C, 2B, 4B and 5C; the absence of the southern nearshore
stations, 5A and 6B, is noteworthy. The midshelf cluster embraced 3D, 4D, 4E, 5D, 5G, 6B, 6C,
and 7C off Georgia and Florida; this cluster appears to be dominant in the southern half of the
shelf in the South Atlantic Bight in summer. The cluster apparently gained significant
representation in the shelf regions off the Carolinas. The two live-bottom stations 2D and 2E,
which in the winter belonged to the midshelf faunal assemblage and in the spring belonged to
the. nearshelf faunal assemblage, became a part of the outer-shelf faunal assemblage during the
summer. Other members of this cluster were 1D, 3E, 4F, and 5E. The upper slope (deep) cluster
was somewhat stable in its geographic location over the different seasons, and station 7E was
always the chief member of this cluster. The fauna, here, as pointed out earlier, is a mixture of
outer-shelf and predominantly archibenthal (Menzies et al., 1973) species.

d. Fall

The fall station clusters (Figure 3.6-5) were a striking change from the summer clusters:
there was an obvious shrinkage of the outer-shelf faunal assemblage. The two live-bottom stations
2D and 2E, as well as an adjacent nearshore station 2B, constituted the outer-shelf faunal
assemblage. The most dominant feature of the nearshore cluster was its close affinity to
topographic midshelf stations off Georgia. These stations (4C, 4D, 4G, 5C, 5D, and 5G), which
belonged to the midshelf faunal assemblage during the winter and summer, joined to form the
fall nearshore faunal cluster. The northernmost stations 1D and 6B off Florida also belonged to
this fall cluster. The cluster contained stations 3E and 6E, both located at the edge of the shelf.
Consistently, offshore station 7E, with a characteristic deep-water fauna dominating throughout
the year, remained the major member of the upper-slope (deep) cluster.

It is clear from a careful examination of the seasonal oscillations of the three major shelf
assemblages (Figures 3.6-2, 3.6-3, 3.6-4, and 3.6-5) that epifaunal invertebrate species tend to
migrate both latitudinally and over the shelf during different seasons of the year. Beyond the
shelf break, a link between the archibenthal fauna and that of the upper abyssal zone is
postulated. This hypothesis is based on the distribution of epifaunal invertebrates, primarily large
echinoderms and decapod crustaceans.

Shifts in faunal boundaries are linked to the life-history strategies of the member species.
Epifaunal distribution is also governed by patterns of shelf circulation and water-mass distribu-
tion during the different seasons; even short-term events such as Gulf Stream intrusion can cause
significant changes in the boundaries of the shelf faunal assemblages. The influence of such a
temporal phenomenon is not yet completely understood. Furthermore, present results generally
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delimit mesoscale patterns of shelf zonation in the south Atlantic Bight. As seen in the following
section, this general pattern holds for large epifauna such as crabs and star fishes that represent
the bulk of the otter trawl samples.

Regression and correlation coefficient analyses of the numerical abundance and biomass of
epifaunal invertebrates were also made in this study to examine possible correlations of epifaunal
distribution with total organic carbon of the bottom sediment, bottom depth, sediment grain
size, and latitude. No statistically significant correlations were delineated. The correlation with
latitude showed a significant level of confidence (0.075), which reinforces the interpretation of
north-south changes in the faunal clusters.

2.  Within-Station Epifaunal Changes

Figure 3.6-6, a comparison of epifaunal invertebrates at three selected stations representing
nearshore, midshelf, and offshore shelf environments, points out the considerable faunal changes
from one season to another. This speaks for the marked changes in population dynamics and
species composition in the temperate-tropical shelf. Most species have a short life cycle and
annual reproductive peaks. Dissimilarity between otter-trawl samples from different seasons is
therefore conceivable and explains the low Jaccard value. On the basis of the Morisita index,
there appears to be a great deal of similarity between winter and spring, as well as between
summer and fall, at nearshore station 2B. At midshelf station 7C, the similarity between seasons
was striking; on the contrary, at offshore station 7E, the Morisita index showed high dissimilarity
between seasons. This possibly reflected changes in population dynamics rather than in species
composition.

3. Biomass and Numerical Abundance of Epifaunal Invertebrates

The number of invertebrate species encountered in the entire shelf from Florida to North
Carolina varied from 111 in the spring to 241 in the summer (Table 3.6-1). Total catch per
cruise ranged from 111 kg in the fall to 321 kg in the spring. Large epifaunal species
approximated 250, but were as few as 10 and as many as 106 in the seasonal samples from the
seven transects (Table 3.6-2). The spring sampling, despite the fewer stations, yielded the most
specimens; generally, high biomass was caused by the presence of a few large species such as the
holothurian Holothuria imperator, the starfishes Luidia clathrata and Luidia alternata, and the
cephalopod Loligo pealeii. Peak biomass coincided with the dominant occurrence of certain
species. Aplysia wilcoxi, for example, constituted 68 kg in the summer otter-trawl samples from
transect 7. Similarly, the sea cucumber Holothuria imperator was abundant off the coast of
Georgia in transects 4 and 5. At station 4D, 112 specimens weighing a total of 28.4 kg were
encountered during the spring sampling period. This number represented 58% of the total
specimens captured in 4D and 79% of the station biomass. This holothurian is poorly distributed
in the northern transects off the Carolinas and the southern transects off Florida. Perhaps the
sediment regime off Georgia is more conducive for the relative abundance of this deposit-feeding
organism.

The starfishes Luidia clathrata, and L. alternata occurred on all seven transects, but the
latter was far more abundant on the norther