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ECOLOGICAL OVERVIEW

Kenneth Sherman1

The 106-mile ocean waste disposal site (106-mile site) is located
in a physically dynamic zone characterized by periodic shifts in water
masses. The major shifts consist of the extension of shelf water onto
the site area or conversely the movement of more saline slope water from
the site onto the shelf. In addition, the site is periodically overrun
by warm Gulf Stream rings. Because of the great water depth, slowly
sinking waste would reach the bottom only after a lengthy period,
ranging from days to weeks depending on the nature of the waste; water
soluble wastes would not reach the bottom unless they were absorbed by
particles, ingested by organisms, or precipitated with other
constituents in the water column. The oceanographically dynamic
Tocation of the 106-mile site extends the potential area of influence
(PAI) of dumped wastes over a wide area off the northeast coast
encompassing approximately 116,000 km?,

The western one-third of the PAIl extends over the outer portion of
the continental shelf off the coast of New York, New Jersey, Delaware,
Maryland, Virginia and North Carolina. This is a shelf region off the
northeast and mid-Atlantic megalopolis that supports important
fisheries, including cod, haddock, menhaden, bluefish, mackerels, silver
and other hakes, anchovy, and sand lance. The fish and shellfish that
inhabit the PAI sector of the shelf either as eggs, larvae, juveniles or
adults constitute a significant segment of the commercial and
recreational fisheries that contribute one billion dollars annually to
the economics of the coastal states from Maine to North Carolina.

Nine of the chapters in the present 106-mile site characterization
report deal with important components of the shelf ecosystem including
nutrients (Matte et al.), phytoplankton (Evans-Zetlin and 0'Reilly),
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ichthyoplankton (Smith et al.), zooplankton (Green), benthos (Steimle
and McNulty), fish and fisheries (Wilk et al.), and marine mammals,
turtles, and birds (Powers and Payne). Collectively these chapters
focus on the populations at risk from any excessive exposure to toxic
substances that may be transported onto the shelf during incursions of
shelf-siope front water. These ecosystem components are linked as food

webs within the ecosystem and therefore any adverse impact on any one of
these components may result in a perturbation to the eccsystem.

The nature of the coupling includes linkages between the nutrient
flux and the relatively high primary production on the shelf (annual
mean 300 g cmz/yr) and the zooplankton, benthos, ichthyoplankton, and
fish populations within the PAI. The phytoplankton, in part, supports a
relatively high standing stock of zooplankton which peaks at about 50
cc/100 m3 off Southern New England (SNE) in spring and summer and
between 50 cc/100 m3 and 70 cc/100 mS of f the Mid-Atlantic Bight (MAB)
from summer through autumn. The bimodal pulse in the ammonium-nitrogen
fraction of the nutrient pool results in Targe part from ammonia
produced coincident to the two pulses in zooplankton standing stocks off
SNE in spring and summer, and the late-summer early-autumn maximum of
the ammonium-nitrogen fraction and zooplankton in the MAB.

Spawning strategies of the major fish species are characterized
as having developed a Tarval production cycle in synchrony with
the production of their zooplankton prey. The principal prey of
fish larvae are the naupliar, copepodite and adult stages of three
dominant copepod species, Calanus finmarchicus, Pseudocalanus minutus,
and Centropages typicus. For example, in SNE Atlantic mackerel larvae
are in synchrony with the ascending 1limb of the spring zooplankton curve. ?
In the Mid-Atlantic Bight the larvae of anchovies, bluefish, hake, searobins, %
croakers, and silver and other hake species peak in abundance from June z

through October in synchrony with the increase in zooplankton abundance.
Based on information given in this report, it is clear the PAl as it extends
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onto the continental shelf 1is an important fish production area
contributing significantly to the stocks supporting the commercial and
recreational fisheries of the adjacent coastal states.

The fish stocks representing the mid-size predator component of the
ecosystem of the northeast continental shelf have recently undergone
_significant perturbation. During the period 1968 through 1975, the
piomass of principal fish species declined approximately 50%. The
decline has been correlated with heavy fishing mortality. Recent
observations indicate that zooplankton has not undergone any large-scale
éhange in abundance or species composition since early measurements made
70 years ago. The declines in fish abundance during the late 1960s and
early 1970s are, therefore, not attributable to a Tack of food at the
Tower end of the food chain. This is in contrast to those fish species
in the same ecosystem whith undergo wide annual fluctuations in
abundance. It appears from a synthesis of available ecological
information that fishing mortality has imposed greater perturbations on
fish populations of the PAI on the northeast shelf than any observed
change in the levels of abundance of zooplankton.

The pelagic ecosystem of the PAl within and adjacent to the
immediate vicinity of the disposal site location has not been, as yet,
subjected to intensive study. Plankton and fish populations of the
region are, however, significantly lower than on the shelf. Species of
commercial, recreational, and aesthetic interest near the disposal site
are large pelagics including sharks, tunas, bill1fish and the toothed
and baleen whales. Although estimates for the total outer

shelf and offshelf fishery are not readily available, an analysis is
given in the characterization of the New Jersey offshore recreational
hins fishery. It is estimated to operate at a level of 800 vessels with a
combined value of $73 million. Ancillary costs for equipment,
maintenance, mooring, insurance, fuel, bait and other costs are

ands estimated at $11 million annually, bringing the total estimated value of
the offshore fishery to the economy of New Jersey to $84 million.
Additionally, the recreational fishery of other states with large



offshore sport fishing fleets, including New York, Connecticut, Delaware
and Maryland, are dependent on large pelagic fishes inhabiting the
offshore grounds adjacent to the 106-mile site.

Current and Future Assessments.

A major program to measure the actual or potential impacts of waste
disposal at 106-mile site is now in operation. A study of the northeast
continental shelf was initiated by the National Marine Fisheries
Service, National Oceanic and Atmospheric Administration, to provide
information on ecosystem perturbations affecting the natural production
of the fishery resources of the area. The investigation is comprised by
the Marine Resources Monitoring, Assessment and Prediction (MARMAP) and
the Ocean Pulse Programs of the National Marine Fisheries Service.

These programs measure temporal and spatial change in critical
components of the shelf ecosystem. Since 1977 the shelf has been
surveyed systematically to measure changes in primary production (14C),
chlorophyll a, phaeophtyin, nutrients (NOZ, NO3, Si03, NHg, and PO4),
zooplankton, ichthyoplankton, fish, benthos, seabirds, water-column
temperature, salinity, and circulation. Between 6 and 8 surveys are
done each year. The sampling area extends over 260,000 kmé of the shelf
on each survey, including the PAI. Sampling stations are located
approximately 25-35 km apart from the Gulf of Maine to Cape Hatteras.
Thirty-two surveys were conducted between 1977 and 1981. This recurrent
sampling has covered 7.2 million km® and is the basis for measuring
changes in the abundance of key ecosystem populations. In addition the
Ocean Pulse Program of the Northeast Fisheries Center and the Northeast
Monitoring Program of NOAA are measuring the incidence of contaminant
loadings in selected populations and habitats in relation to physical
and chemical change on the northeast shelf, including the PAI. These
combined monitoring and asessment efforts provide a mesoscale
characterization of the shelf ecosystem. Within this matrix, additional
special studies aimed at measuring low-level changes in the contaminant
loadings of key populations and their environments, and resulting
effects, must be considered an essential component of site-specific
studies designed to measure potential impacts of any future ocean
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disposal of wastes at the 106-mile site. The early initiation of the
MARMAP and Ocean Pulse and Northeast Monitoring programs have provided
an important benchmark for the resources at risk and allow for periodic
assessments of changes in living marine resources, as these might be
related to natural variation or to anthropogenic inputs.
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PHYSICAL OCEANOGRAPHY

Investigations of ocean dumping in the Middle Atlantic Bight have
shown that waste inputs caused environmental degradation at the coastal
and shelf sites. Other investigations, further offshore in slope
waters, have not demonstrated extensive degradation despite several
years of research activities in the vicinity of the 106-mile dumpsite.
Physical oceanographic characteristics of the 106-mile disposal site
were used to develop a Potential Area of Influence (PAI).

The entire region falling within the PAI is characterized by a
range of hydrographic similarities; it is a high-energy area with
significant near-surface and bottom currents, the latter principally
flowing parallel to the bathymetry. The area is affected by major storm
systems, weather fronts and seasonal differences in insolation and
winds. Warm core rings traverse the entire region irregularly.

The PAI must be characterized as a highly dispersive environment

where waste contaminants will be mixed effectively and transported in
unpredictable ways from points of input.
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106-MILE SITE SEDIMENT CHARACTERISTICS

The sedimentary regimes into which settlable waste particles may
fall are the continental slope and rise and outer continental shelf.
Particles in these areas are predominantly silt and clay on the
slope/rise and sand on the shelf. Outer shelf sediments contain a
higher proportion of fine grained sediments than inner shelf or near
shore sediments. Chemically, sedimentary concentrations of elements and
organic compounds increase with decreasing particle size and are
generally higher in slope/rise sediments than outer shelf sediments
which, in turn, contain higher concentrations than shallower
sediments. If settlable solids are routinely dumped at the 106-mile
site it is recommended that attention be given to possible consequences
of increasing the mass flux onto deep ocean organisms normally
experiencing a very dilute rain of particles and to measuring the
contaminant input with sediment traps rather than direct analysis of
sediments.
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NUTRIENT VARIABILITY

Nutrients are extremely important in the phytoplankton productivity
scheme which, in turn, affects the fisheries production system.
Moreover, levels of normal nutrients are affected by the introduction of
organic wastes to aquatic ecosystems. To effectively manage ocean
disposal of a range of wastes, especially those with high contents of
organic matter, it is important to understand the normal Tevels of
nutrients present, their relationship to plankton populations, and the
effects of nutrient enrichments or deficiencies on fisheries production
systems.

As part of an extensive monitoring and assessment program by the
Northeast Fisheries Center, water samples for nutrient analyses
(nitrite, nitrate, ammonium nitrogen, orthophosphate, and silicate) were
collected on 11 cruises from Cape Hatteras to Nova Scotia between May
1979 and March 1980. Surveys were usually limited to the continental
shelf, less than 200 m.

Generally, nutrient concentrations in samples increased with depth,
the bottom layer always having higher concentrations than the surface
layer. Nitrate increased in concentration to seaward. Other nutrients,
however, showed no consistent increase to seaward. Excluding estuarine
input and ammonium nitrogen, the highest concentrations of nutrients
throughout the water column occurred during the fall, winter, and spring
(generally unstratified conditions). The Towest concentrations of
nutrients (except ammonium nitrogen) occurred during the summer
throughout the euphotic layer. Below the euphotic layer concentrations
increased in the summer. Ammonium nitrogen concentrations were highest
in August, a time of maximal regeneration by zooplankton and other
organisms, and Towest in April.

For water just west of the 106-mile site, nitrate concentrations in
surface water ranged from 0.2 uM/1 in the summer and fall to about
2 um/1 in spring. Bottom water nitrate ranged from 15 uM/1 in the fall
to 25 uM/1 in the spring. Nitrite concentrations in surface water
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ranged from 0.05 to 0.1 uM/1 with the maximum occurring in the spring.
Bottom water nitrite ranged from 2.0 to 8.0 uM/1 with the maximum
occurring in June. Ammonium nitrogen concentrations in surface water
ranged from 0.1 uM/1 in April to 0.2 uM/1 in August. Bottom water
ammonium nitrogen ranged from 0.1 uM/1 in April to 2.0 uM/1 in August.
orthophosphate concentrations in surface water ranged from 0.1 uM/T1 in
July to 0.4 uM/1 in September and April. Ortho- phosphate in bottom
water ranged from 0.6 uM/1 in late June to 1.0 uM/1 in September and
April. Silicate concentrations in surface water ranged from 1.0 uM/1 1in
July to 6 uM/1 in May. Bottom water silicate ranged from 1.5 uM/1 in
March to 10 uM/1 in June. Generally, nutrients in bottom water just
west of the 106-mile site remained relatively high throughout the year,
while nutrients in the surface layer tended to become depleted in summer
except for ammonium nitrogen.
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PHYTOPLANKTON BIOMASS AND COMMUNITY SIZE COMPOSITION

The phytoplankton are often noted as being the basis of aquatic
food chains and are, therefore, regarded as an essential component of
the fisheries production system. In recent years it has become apparent
that contaminants associated with wastes being dumped or discharged into
waterways via point and nonpoint sources may affect phytoplankton
populations, their productivity, and their relative usefulness within
the food webs. Marine scientists therefore believe that the
phytoplankton, collectively, are an extremely important component of the
ecosystem and must be understood prior to implementing new waste
disposal activities in marine waters or continuing or increasing waste
loading.

In this characterization, the 106-mile site and the slope and
continental shelf water adjacent to it are characterized. Average water
column chlorophyll a estimates spanning October 1977-March 1982 were
pooled by area and month, irrespective of year, to form a synthetic year
of averaged water column biomass estimates. To examine chlorophyll
distribution, the area potentially affected by material dumped at the
106-mile site was divided into two subareas: 1) the slope (the area
seaward of the shelf break), and 2) the outer shelf (approximately
between 60 to 200 m). Data were not available for the area beyond the
2000 m isobath. Additionally, to put the slope-outer shelf in
perspective, data collected over the shelf were examined. Areas on the
shelf were defined by bathymetry (0-20, 20-40, 40-60, and 60-200 m).

The annual cycle of biomass was generally bimodal in all five
regions examined. Highest biomass concentrations over the entire shelf
were observed consistently during spring blooms in February (depths
<40 m) and March (depths >40 m). The lowest concentrations were
consistently observed during the stratified season. In water <60 m
(Regions 1, 2, and 3), the lowest concentrations of biomass were
observed in May. At depths >60 m (Regions 4 and 5), corresponding to
outer shelf and slope, biomass concentrations were consistently low from
May through October. A secondary peak in biomass was observed in the
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November-December time period over the entire shelf. Additional peaks
were also observed at depths <20 m during September and in August at
depths between 20-40 m.

A recurrent gradient in biomass concentrations was observed in
monthly and annual averages. Highest biomass concentrations were
measured inshore (0-20 m); lowest were found at depths >200 m in
Region 5.

Community size composition varied over the year. Netplankton
(>20 m) strongly dominated the February-March spring bloom over the
entire shelf generally accounting for 70% of the standing stocks.
Generally nannoplankton (<20 m) dominated communities during mid-year
stratified periods when biomass concentrations were at a lTow. During
fall bloom, netplankton and nannoplankton contributed to community
biomass in near equal amounts. In waters less than 200 m, netplankton
dominated slightly in the fall bloom, while in water <200 m
nannoplankton slightly dominated.

At depths <60 m, netplankton were slightly more abundant than
nannoplankton throughout the annual cycle. Nannoplankton were slightly
more abundant between 60-200 m and nannoplankton clearly dominated the
annual biomass at depths >200 m.

Phytoplankton concentrations throughout an annual cycle at outer
shelf areas distributed bimodally. Highest standing stocks 2.12 mg
ch]gjm3 (outer shelf area) and 1.43 mg ch]gjm3 (deeper waters, >200 m)
were observed during the March spring bloom. During this period
netplankton strongly dominated the community. Secondary peaks were
observed in November and December averaging 1.12 mg ch1gjm3 in Region 4
(outer shelf), and 0.79 mg ch]gij in Region 5 (>200 m). During this
time netplankton and nannoplankton were present in near equal quantities
in both regions.

Lowest standing stocks were observed during the nannoplankton-
dominated stratified season from May through October averaging 0.62 and
0.44 mg Ch]gjm3 in Regions 4 and 5, respectively.
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SEASONAL ZOOPLANKTON STANDING STOCK AND DOMINANT SPECIES

Data from selected stations from five years of MARMAP surveys were
analyzed for total zooplankton standing stock, patterns of species
dominance and abundance cycles of the copepods, Calanus finmarchicus,

Centropages typicus, and Pseudocalanus minutus, in the Potential Area of

Impact (PAI) of the 106-mile site and adjacent waters off southern New
England and the Mid-Atlantic Bight. The PAI on the continental .shelf
corresponds to waters between 50 and 200 m depth of which one-third is
in southern New England and two-thirds is in the Mid-AtTantic Bight.
Comparisons of the timing of seasonal maxima for zooplankton standing
stock indicate that the occurrence of yearly maxima are not synchronous
in the PAI and onshore areas in southern New England and the
Mid-Atlantic Bight, but that both areas support similar levels of
biomass during peak production.

C. typicus is abundant throughout the year in the Mid-Atlantic
Bight in both the inshore waters and the PAI, but shows seasonal
fluctuations in both areas in southern New England. P. minutus
decreases in abundance in inshore waters with seasonal warming in both
areas. In waters of the PAI, its abundance is sustained at
comparatively higher levels. C. finmarchicus becomes entirely

restricted to PAI in the warm months. In southern New England the
distribution of C. finmarchicus extends inshore throughout the year with

the greatest densities found in the waters of the PAI.

xviii




FISH EGGS AND LARVAE

The continental shelf from North Carolina to Nova Scotia provides
spawning and nursery grounds for coastal fishes representing >200

taxa. No one area can be singled out as insignificant to the
reproductive success of some representatives of the coastal fish
community. Annual abundance curves for the 4-year period from 1977-80
are remarkably similar for both eggs and larvae in the Middle Atlantic
Bight and in that part of the Bight potentially influenced by dumping at
the 106-mile site. Spawning is most intense in spring and summer; Teast
intense in late autumn and winter, but economically important species
spawn in winter. Larvae are most abundant in winter and again during
the late spring and summer time period. The high standing crop of
larvae in winter is attributable to sand lance, a taxon that spawns
demersal eggs, and one that increased dramatically in biomass during the
late 1970's. Three of the top five numerically dominant larvae in the
shelf portion of the area potentially influenced by dumping at the
106-miTe site represent economically important species that contributed
to the 1.1 billion dollar fishing industry off northeastern United
States. In addition, the early life cycle of the bluefish, an important
recreational species, is closely tied to both shelf and slope waters in
the potentially influenced area.
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BENTHIC FAUNA

This review of information available on benthic fauna at risk from
waste dumping at the 106-mile site has led to several generalizations.
First, within the Potential Area of Influence (PAI) there are several
distinguishable benthic communities that are related primarily to
sediment type on the outer continental shelf (0CS), to temperature at
the shelf break, and to bathymetry and/or food supply at the continental
slope and rise. The dominant infaunal groups within the PAI are
amphipods and polychaetes on the OCS and at the shelf break;
polychaetes, bivalve molluscs and minor taxa (e.g. Pogonophora) on the
continental slope and rise. The dominant megafauna of the OCS, shelf
break, and upper slope are echinoderms (especially brittlestars) and
decaped crustacea; in deeper areas, echinoderms, especially the
brittlestar, Ophiomusium lymani, are the overwhelming dominants.

Benthic fauna in major cayons transecting the slope differs in species
composition somewhat from that on the adjacent slopes.

Second, the benthic fauna on the shelf show strong affinities to
more northern fauna, while on the shelf break and upper slope, with
consistently slightly warmer temperatures, there are species with more
southern affinities.

Third, the density and biomass of the infauna decreases
proportionally with increasing depth within the PAI, reflecting the
average rate of organic production available to the bottom. The
megafauna, however, has a peak in biomass at the continental slope/rise
interface, which has not been adequately explained. Detritus is the
primary source of food for the benthic fauna within the PAI and most
dominant species are deposit feeders. Generally, a predominantly
deposit feeding community is regarded as more stable than a filter
feeding dominanted community since filter feeders depend on suspended
material that can vary seasonally in abundance, while deposit feeders
use both intermittent inputs of detritus as they reach the seabed and,
later, the residual organic matter in the sediments when new supplies of
detritus are reduced. Bacteria may play a crucial role in converting
sediment organics and detritus into food that can be used by benthic
organisms.
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Fourth, drastic changes in the benthic habitat within the PAI are
known but are probably rare. In the 1880's a shift of cold shelf water
onto the shelf-break and upper slope off southern New England is thought
to be responsible for mass mortalities of many fish species, including
tilefish; possibly some of the benthic invertebrates inhabiting this
habitat were affected as well. Periodic disruptions due to turbulent
currents in deeper waters are also known, especially in major canyons.

Fifth, the benthic fauna of the OCS, shelf-break, and upper slope
are used as food by several fish species and decapod crustacea that are
commercially valuable. These resource species include permanent
residents such as grey sole, tilefish, and red crabs, as well as
seasonal residents such as black sea bass, scup, summer flounder, and
lobster. These, and other species, depend primarily on the benthic
invertebrate fauna for food and thus the benthic community within the
PAI should be protected from degradation or contamination so as to
maintain productive fisheries.



FISH AND FISHERIES

The following summarizes findings which are relative to defining
the "resources at risk" associated with the 106-mile site. In general,
the chapter summarizes several rather diverse data sources which either
quantitatively or qualitatively desribe and/or define the fish and
fisheries resources which could be potentially impacted by present
levels of dumping as well as future disposal operations at the 106-mile
site. More specifically, a rather terse, and somewhat distilled,
interpretation of the most pertinent data is as follows:

1) Commercial Landings and Values - Provides the most quantitative
information relative to catch and value for the 106-mile site's

potential area of impact (PAI) on a year-by-year and species-by-year
basis. This information source demonstrates the continuous increases in
landings and values that have occurred, within the limitations of these
data. It should be noted, that catches have almost doubled and values
almost tripled since 1975 (i.e., 1975 = 9,208 mt = $9.2 million; 1980 =
16,496 mt = $27.6 million). Landings and values by year (1972-1980), on
a sefected species basis, provides information for the purpose of

demonstrating which resources are the most sought after in terms of
weight and/or value over time. From these data, American lobster and
sea scallop historically represent the big "cash crops” in the
invertebrate category, along with ocean quahog in more recent years.
Under the finfish category, summer flounder, tilefish, scup, and
swordfish dominate, both historically as well as at present, in catch

and value.

2) Japanese lLongline Fishery -- Observed Data - Provides observed

Japanese longline catch-per-unit-of-effort (CPUE) from Fishery Reporting
Zone No. 16 by species and species groups (i.e., tunas, bilifishes,
sharks, rays, and other finfish) for the years 1979-1981. The PAI
ellipse is almost entirely within this particular fishing zone;
therefore, the species composition and calculated catch rates can be
termed representative of the area considered within the context of this
chapter. Thus, it is interesting to note that the bigeye tuna,
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yellowfin tuna, albacore, swordfish, blue shark, and Tancetfish make up,
on an average, greater than 86% of the CPUE from this reporting zone.
At present, this fishery is dominated by the Japanese distant water
longline fleet, with 1ittle, if any, U.S. participation, except in the
area of swordfish fishing. However, if and when this situation begins
to reverse, and there is every indication it will, these valuable
oceanic fishery resources will obviously become more important to
domestic fishermen at which time any adverse man-induced change in
abundance and/or distribution could have economic ramifications
throughout the U.S. fishery. The data presented, regarding the present
fishery, indicate the potential for large scale U.S. participation, and
therefore, the potential of any man-induced change must also be taken
into account (i.e., 106-mile site's PAI).

3) National Marine Fisheries Service Research Survey Cruises - This

seasonal research vessel bottom trawl survey data set was distilled to a
series of spring and autumn computer-generated cumulative plots.
Twenty-four species of finfish and six species of invertebrates were
specifically selected to illustrate seasonal and geographic trends in
distribution and abundance relative to the 106-mile site and its PAI.
Any number of conclusions can be drawn from these data regarding the
relationship between individual species and the PAI associated with the
106-mile site. Some of the most obvious include: 1) Species, such as
offshore hake, white hake, Gulf Stream flounder, American lobster, and
sea scallop, tend to remain in the PAI throughout the year based on
their narrow range of ecological requirements (i.e., temperature and/or
depth) or sessile nature. 2) Species which tend to migrate inshore and
offshore seasonally and therefore are more or less abundant in the PAI
at any one particular point in time and space. Included in this
category are: spiny dogfish, little skate, river herrings, silver, red,
and spotted hake, black sea bass, scup, butterfish, northern searobin,
summer and fourspot flounder, and longfin squid. 3) Species which
either winter or summer in or near the PAI, and then, for all practical
purposes, migrate either north or south entirely out of the area. An
example of this type of relationship would be the Atlantic mackerel
which winters in the Mid-Atlantic and, with the advent of spring
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warming, moves inshore to spawn and then north and east to summer.
4) Species which are found in relatively small numbers in the PAI,
although they might be very abundant in adjacent areas. Examples of
this species category include: ocean pout, longhorn sculpin, and
windowpane, yellowtail, and winter flounder.

4) Survey of New Jersey's Offshore Recreational Fishery - Although

this survey only deals with the big-game fishery off New Jersey, with
moderate extrapolation one can project and expand these results, at
least as far as Cape Hatteras to the south and Rhode Island to the north
and east. Results of the survey include: Participation - New Jersey's

canyon fleet consisted of approximately 800 boats including 714 private-
s 82 charter-, and four party- boats; Effort - 5,473 trips were made
during the 1981 season, with private boats accounting for 89% of the
activity; Catch - total catch for all species was approximately 40,000
fish, with yellowfin tuna, albacore, bigeye tuna, and white marlin
accounting for 92% of the total. The estimated weight of the
aforementioned four species was just slightly less than two million
pounds (907 mt); and Value - 800 boats made up the canyon fleet with an
estimated individual value of slightly greater than $90,000. Therefore,
the value of the entire fleet was estimated at approximately $73
million. In addition, boats owners participating in this fishery spent
approximately $11.1 million during 1981 for the following: boats and
boating equipment, $4.6 miliion; boat maintenance, $2.2 million; mooring
and storage, $0.7 million; insurance, $0.6 million; fishing equipment,
$0.7 mi1lion; fuel, $1.8 million; and bait, ice, and food, $0.6 million.

The above stated facts and figures should leave the reader with
little, if any, doubt as to: first, the magnitude and importance of
this offshore recreational fishery; and second, the impact any adverse
changes in distribution and/or abundance of tunas and bilifishes would
have on the fishery.

5) Tilefish Fishery Catch and Effort - Provides catch and effort
information for the years 1973-1981 based on information extracted froit
fishermen logbooks and governmental records of landings. Based on these
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data, since 1978, this fishery has undergone dramatic change as
illustrated by an all but doubling of fishing effort, a 50% decline in
CPUE, and a relatively constant harvest (landings). The combined
simultaneous occurrence of increased effort, decreased CPUE, and stable
yield over time are usually indicative of stock decline; therefore, it
would be safe to assume that the tilefish stock is probably under some
type of stress (i.e., fishing pressure) at this point in time. It is
then logical to ask the following question: What would be the impact on
this already tenuous situation if it were complicated and compounded by
environmental stress (i.e., 106-mile site's PAI)?

6) Survey of New Jersey's Ocean Fishing Grounds - This source of

information temporally and spatially delineates selected recreational
and commercial ocean fishing grounds‘for 22 species based on a one-year
survey of actively involved fishermen. It illustrates the ocean fishing
grounds for the following species: Atlantic mackerel, tilefish, summer
flounder, scup, black sea bass, butterfish, siiver and red hake,
Atlantic cod and pollock, yellowfin tuna, albacore, bigeye tuna, white
and blue marlin, swordfish, ocean quahog, American lobster, red crab,
sea scallop, and short- and long-finned squid. It can be concluded that
if one takes into account the data presented previously (e.g.,
commercial landings and value, recreational landings and value
(big-game), and the distribution and abundance of important species),
the information illustrated in the above mentioned data set is relevant
in terms of potential adverse impact which might be caused by dumping at
the 106-mile site.

7) Foreign Landings and Values -Demonstrates both the amount and

value of silver and red hake, Atlantic mackerel, butterfish, dogfish
spp., and squid spp. within the geographic limitation of the "fishing
windows" associated with the 106-mile site and its PAI. As a point of
interest, these six species and/or species groups total approximately
21,000 mt (46.5 miilion pounds), worth more than $8.7 million at an
average of almost $350 per mt. These data illustrate the amount and
value of these resources; this information coupled with recent
(1980-1983) joint U.S.-foreign ventures, indicate the growing importance
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of these fisheries to U.S. commercial fishing interests. Therefore, any
potential man-induced changes must be weighed heavily against potential
industry growth which could be lost or accrued by this relatively new
concept (joint ventures) in the U.S. commercial fishery.
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MAMMALS, BIRDS, AND TURTLES

The distributions of marine birds, mammals, and turtles in the
vicinity of the 106-mile site and Philadelphia dumpsite are described
from data provided in several sources of literature, in particular
contract reports on the Cetacean and Turtle Assessment Program to the
Bureau of Land Management and of the Manomet Bird Observatory to the
U.S. Department of Energy and the National Marine Fisheries Service.

Sightings of cetaceans were plotted by season: winter (December-
February), spring (March-May), summer (June-August), and fall
(September-November). The following species were recorded in the
vicinity of the 106-mile site's Potential Area of Influence (PAI)
throughout the year; bottlenosed dolphin, Tursiops truncatus; grampus,

Grampus griseus; pilot whales, Globicephala spp.; sperm whale, Physeter

macrocephalus; minke whale, Balaenoptera acutorostrata; and fin whale,
B. physalus. Spotted dolphins, Stenella spp.; white-sided dolphin,
Lagenorhynchus acutus; sei whale, B. borealis; humpback whale, Megaptera

novaeangliae; and beaked whales (Ziphiidae) were found seasonally. At

the 106-mile (PAI) site cetaceans were generally common from spring
through fall. Bottlenosed dolphins, pilot whales, and grampus were most
abundant. Estimates of bottlenosed dolphins ranged from 630 (+167) in
spring to 3177 (¢1375) in summer; pilot whale estimates ranged from 377
(£126) in spring to 2577 (£1089) in summer; and estimates of grampus
were 1238 (4269) in spring to 4014 (£1582) in summer. Sperm whales and
spotted and striped dolphins were also abundant in this deepwater

area. Humpback, fin, sei, and sperm whales are endangered species.

Sightings of loggerhead, Caretta caretta and leatherback turtles,

Dermochelys coriacea were plotted. The loggerhead turtle was the more

common species and its abundance was greatest in shelf waters from May
to November. The leatherback turtle was most common from August through
October inshore along the coast of New Jersey. Both species are found
near the shelf-break within the 106-mile site's PAI. The loggerhead
turtle is a threatened species; the leatherback turtle is endangered.
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Sightings of cetacean and turtle species suggest considerable
movement into and out of the 106-mile site's PAI seasonally. Although
several species can be seen in this area throughout the year, individual
residence times could not be determined from available data.

Distributions of sea birds were plotted and mean densities were
calculated for the dumpsite areas for the same seasons as given for
cetaceans. A total of 27 species was recorded. Seasonal densities for
all species combined in each area were considered to be Tow
(<10 birds/kmz/season). However, in spring the majofity of red
phalaropes, Phalaropus fulicarius, that migrate off the northeastern
United States occur within the 60 and 200 m isobaths west of the 106-
mile site's PAI, and local densities there can exceed 1000 birds/kmz.

Similarly, high densities of Wilson's storm-petrals, Oceanites
oceanicus, occur along the shelf-break in April and May and this species
is attracted to oily slicks.
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CONTAMINANT INPUTS, FATES, AND EFFECTS

Inputs - The 106-mile site has been used since 1961 with inputs
since 1973 occurring under permits issued by EPA under the Marine
Protection, Research, and Sanctuaries Act. Between 1973 and 1981 input
waste volumes varied from 242,000 m3 to 795,000 mS. Volumes were most
1ikely lower prior to 1973. The Towest {nput since 1973 occurred in
1981 when only one industrial waste dumper continued to use the site on
a routine basis. Inputs have been almost exclusively industrial wastes
with some sewage sludge in 1977 to 1978 and small annual amounts of
cleanout from sludge digestors. Five waste sources have accounted for
more than 90 percent of total inputs in any year. Three of these
sources have annually accounted for 65 to 93 percent of total input.
Physical and chemical characteristics of the five major wastes have been
compared and combined with input volumes to reveal that one industrial
source has contributed the vast bulk of elements, two industrial sources
have dominated the input of organic carbon, and sewage sludge even
though its volume has been small it has been a non-trivial source of
both inorganic and orgaic chemical contamination. Detailed chemical
analyses of the three large volume wastes are discussed. Possible
future inputs are described.

Fates - A11 wastes have been dumped from moving barges with the

three major wastes discharged at a rate of about 80 m3

per kilometer of
barge track. This procedure yielded initial waste dilutions by a factor
of 5000 with waste distributed over long (50 km for 4000 m3, or one
million gallon waste volumes), narrow (abouth 50 m) swaths in the
surface mixed layer. Subsequent dispersion was vertically limited to
the mixed layer depth of about 150 m or as little as 20 m during the

seasonal stratification period of summer/fall.

Wastes did contain suspended solids and two were sources of solids
via precipitation upon neutralization by seawater of their initially
acidic or basic conditions. There was no field evidence, however, that
waste particles fell sufficiently fast to descend below the mixed
layer. Waste plumes horizontally dispersed, on average, at a rate
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consistent with a diffusion velocity of 1 cm s~

so that, during
summer/fall when vertical mixing was more limited, wastes were diluted
by a factor of 10° and horizontally distributed over 50 km within one
day of a dump. Storm events greatly enhanced mixing so that while in
theory 10 days would be required to dilute wastes by a factor of 106
such dilutions were achieved more quickly. The important
characteristics of the site in controlling the the fate of wastes are:
its depth which prevents exposure of benthic organisms to waste plumes,
the volume flow of water available for diluting waste plumes, the volume
flow of water available for diluting wastes which is conservatively
estimated to be 1010 p3 d'l, and the mean trajectory of flow towards the
Gulf Stream. The largest annual volume of waste (795,000 m3 in 1978)
corresponded to a daily input of 2000 m3 (one 4000 m3 barge-load every
other day) so in that year the large-scale dispersion during summer/fall
achieved a dilution factor of at least 5 x 100 prior to entrainment of
waste into the Gulf Stream. This extreme dilution prevented any, except
sporadic, observations of waste-contaminated water outside of recently

created, relatively small-scale, discrete waste plumes.

Effects - Because wastes dispersed within the mixed layer were at
concentrations of 10 ppm (v/v) or less within one-day old discrete
plumes, and the site is not cccupied by a resident fishery, effects of
waste dumping were sought in plankton which, by definition, are not
readily able to migrate from contaminated water. Laboratory toxicity
tests were useful in: establishing the relative order of toxicity among
wastes, demonstrating that open-ocean phytop]anktbn are more sensitive
to contamination than their coastal analogs, showing that the effects of’
dumping on phytoplankton could be a change in the species composition of
communities, and indicating that while actual concentrations of wastes
in the ocean would not be lethal to zooplankton they could cause
sianificant decreases in the rate of egg production. Field studies did
thow that copepods exposed to waste plumes lost their capacity to
cenerate sggas. Field verification of the hypothesis that phytoplankton

piles would be altered within plumes was not unambiguously

swicieved due to natural variability in species composition. Because
effects on copepod reproductive capacity and possible effects of
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phytoplankton communities occurred only over the small scales of newly
created plumes they were of no ecological consequence. As plumes became
further diluted through mixing with seawater and unaffected plankton,
the short-term, within-plume effects were progressively diminished.
Examination of plankton organisms for histological or pathological
evidence of damage or disease revealed conditions that were attributable
to natural causes, not waste dumping.
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Chapter 1. INTRODUCTION
J. B. Pearcel and D. Miller?

Disposal of a variety of wastes in coastal waters, such as at the
New York Bight dredged material and sewage sludge disposal sites, has
gone on for over half a century but offshore dumping is a relatively new
activity. The 106-Mile Ocean Waste Disposal Site (106-mile site) has
been used for offshore disposal of toxic wastes deemed to be too
deleterious to be disposed in inshore waters.

The Marine Protection, Research, and Sanctuaries Act of 1972
(Public Law 92-532) ended unregulated transportation of wastes for
disposal in ocean waters of the United States. Under MPRSA, the
National Oceanic and Atmospheric Administration (NOAA) was given
responsibility to conduct monitoring and research to determine the
environmental effects of the disposal of waste materials into the
ocean. The Coast Guard was given enforcement authority. The
Environmental Protection Agency (EPA) was charged with designating ocean
disposal sites and issuing permits for ocean disposal. Hazard
assessment is an approach being employed by EPA to evaluate the
potential impact of waste contaminants on the marine environment
systematically.

Hazard assessment involves several components, each of which
includes acquisition and synthesis of information. Such information
provides answers to questions in an order which leads to a regulatory
decision. The initial step in hazard assessment is characterization and
designation of a disposal site. Site characterization is the
acquisition and synthesis of physical, chemical, and biological
information about the site. The objective of site characteristics of a
given site and the types of waste which may be considered for disposal

1Nationa1 Marine Fisheries Service 2Epvironmental Protection Agency
Northeast Fisheris Center Environmental Research Lab.
Sandy Hook Laboratory South Ferry Road

Highlands, New Jersey 07732 Narragansett Bay, R.I. 02882
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at the site. The site designation process is not an authorization for
disposal of specific wastes. Each specific disposal activity proposed
for a designated site requires an individual permit.

After a site has been designated, waste characterization is
necessary to describe the specific chemical, physical and biological
properties of the waste to be disposed of. Coupling of information from
separate site and waste characterizations constitutes the initial step
of the hazard assessment process and provides a basis for determining
the scope of further assessment studies.

The basis for an ocean disposal permit decision is the éssessment
of potential hazard to the environment posed by the proposed waste
material. Hazard assessment is a process which provides the necessary
data and interpretive methods for estimating the probability of harm tc
the environment. The principal components of this procedure are
exposure assessment and effects assessment. Exposure assessment

consists of estimating the duration and intensity of an exposure of the
biological communities to be protected to a contaminant. Effects
assessment consists of estimating the biological response of these
communities in terms of stimulation, toxicity, disease, or
biocaccumulation. In the event that a positive permit decision is made,
monitoring activities will be initiated for the purpose of field
validations of the hazard assessment predictions.

In the context of the hazard assessment protocol, site
characterization documents should provide environmental managers and
decision makers with a review and synthesis of existing information
pertinent to the following questions:

o What will be the fate of disposed material in space and time?

0 Are contaminant materials already prevalent which should be
considered when evaluating the hazards of a proposed disposal
activity at the site?

o What biota and ecosystem functions may be at risk at this
locality?
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The present site characterization update report is intended to
augment existing environmental baseline documents for the 106-Mile Ocean
Waste Disposal Site. Systematic efforts to obtain baseline information
at this site began in May, 1974 (NOAA, 1974). An extensive baseline
report was issued in 1977 using data from three baseline cruises,
several special experimental cruises, and information available from the
National Marine Fisheries Service (NMFS) (NOAA, 1977). Additional
experimental studies were conducted between 1976 and 1978 on the
characteristics, dispersion and effects of waste disposal at the 106-
mile site (NOAA, 1981). Much of this information has been summarized in
an environmental impact statement (EIS) prepared for the 106-mile site
(U.S. EPA, 1980). Additional environmental information for the mid-
Atlantic outer continental shelf (0CS) is now available in a Bureau of
Land Management EIS prepared for anticipated oil and gas lease sales
(U.S. Department of Interior, 1982).

Existing baseline reports and studies at the 106-mile site are
limited generally in their usefulness due to a paucity of data for this
region. Often the data cited represent only a few short-term (1 to 2
day) studies. Obviously, such studies cannot provide information on the
distribution and abundance of a particular resource at any one time, nor
describe the temporal and spatial variability of a particular parameter
or resource category adequately. Yet this is particularly important, as
it is now recognized that the 106-mile site has a highly diverse and
dynamic biological community, which is a reflection of "the complex
water mass structure of the area, seasonal changes, and natural
variability" (NOAA, 1981). 1In light of limitations of the present 106-
mile site reports, it is important that site characterization updates be
provided as pertinent additional information becomes available.

This update report draws primarily on information gathered by
several investigations of the Northeast Fisheries Center (NEFC),
National Marine Fisheries Service, plus recent studies at the 106-mile
site sponsored by the National Ocean Survey (NOS). For almost two
decades, the NEFC has collected information on distribution and
abundance of a range of fish species over the continental shelf. Data
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are available on the standing stocks of adults as well as for fish eggs
and larvae of a number of the important commercial and recreational
species.

Also, as part of its Ocean Pulse and MARMAP programs, the NEFC has
made collections and measurements on phytoplankton populations which
constitute the base of the food web of Tiving marine resources. Data
also have been collected on the nutrients which are involved in the
primary production process and the growth and development of
phytoplankton species. In addition, re]dtive]y intensive studies have
been made in recent years of the benthic populations, those organisms
which live on or in the sediments which form the seafloor. Much of this
information recently has been computerized, making it accessible for
site characterization update purposes.

Studies sponsored by NOS concerning waste disposal at the 106-mile
site have provided information on (1) physical oceanographic processes
which disperse and dilute organic and inorganic contaminants, (2)
meterological and physical oceanographic conditions and events at the
106-mile site, and (3) effects of various categories of wastes on ocean
water quality and biota.

The present site characterization update reviews the physical
processes which are deemed important in transporting wastes that may be
disposed at the 106-mile site. It describes the spatial and temporal
distribution of nutrients, plankton, fish eggs and larvae, adult fish
stocks and marine mammals, birds and turtles. It provides information
on sediment characteristics and the benthic community, and details
available information on past contaminant inputs. It describes studies
on the fate and effects of these inputs. A complimentary report also
has been prepared which reviews important physical oceanographic
processes of the entire mid-Atlantic Bight continental shelf which may
influence transport of contaminants (Ingham, 1982).

The region described in this 106-mile site report is enlarged from
that of the earlier baseline documents to encompass the larger area that
can be occupied by water masses advected from the dump site (Fig.2-1).
This area is termed here the potential area of influence (PAI) for the
106-mile site. The PAI has been delineated solely for the purpose of
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describing environmental characteristics of the largest area which might
experience water transport from the waste disposal site. It is evident
from the chapter on the fate of waste materials (Chapter 12), and
Appendix 1, that the PAI is not an area with subunits having equal
probabiTity for receiving wastes from the 106-mile site, nor equal
likelihood of experiencing environmental change. The rationale for the
size and location of the PAI for the 106-mile site is given in Chapter 2
(Physical Oceanography) and discussed further in Appendix 1.

This document will not only be of value in hazard assessments as
these are related to waste disposal but will also be useful in regard to
outer continental shelf mineral exploration and development
activities. The document is a first in a series of regional assessments
or Water Management Unit (WMU) descriptions being developed by the
Northeast Fisheries Center as a contribution to the Regional Action Plan
(RAP) of the NMFS Northeast Regional Office and Northeast Fisheries
Center.

We welcome comments from its early users.

1-5



Chapter 2. Physical Oceanography

James J. Bisagni1

2.1 Introduction

gtudies of the middle Atlantic Bight Aj 2y have shown that waste
inputs have caused environmental degradation within coastal and
shelf waters. Farther offshore in the slope waters however
 degradation has not been demonstrated, despite several years of
work in “he vicinity of the 106-Mile Dumpsite. A group of
kphysical oceanographic processes in the vicinity of the site cu
be used to outline a region of the western north Atlantic which
may theoretically be affected by waste dumping at the site. This
region will be called the "potential area of influence", or PAI.
The purpose of this chapter is to describe which physical
oceanographic processes are important inr disversing and diluting
aste material which may be dumped, and their usefulness in
describing the PAI. The processes covered in this report
include:
1. Seasonal vertical density stratification

. The shelf water/slope water front

. Gulf Stream and Gulf Stream rings

2
3
4. Waste density in relation to the densit/ of sea water
5. Near-surface currents

6

. Bottom currents and sediment transport

‘Applied Science Associates, Inc.
529 Main Street
Wakefield, Rhode Island 02879




2.2 General Setting

The 106-Mile Dumpsite is a rectangular area of 37 X 43 km boundeg
by 38°40'N, 39°00'N, 72°00'W and 72° 30'W, located over the
continental slope and rise south of Hudson Canyon (Fig. 1). A
description of the physical characteristics of the dumpsite has
been given in NOAA Dumpsite Evaluation Report 77-1 (NOAA, 1977),
including the following elements:
"The morphological and geological character of the DWD-106 ocean
bottom is characteristic of lower slope-upper rise regions of the
Western Atlantic. Depths vary from 1700 to 2750 meters with
gradients ranging from about 4% in the shallower slopes to 1%
over the deeper rise. Sediments within the dumpsite area are
composed of large sand and silt fractions, with silts
predominating. The slope region is covered by a soft, silty
sedinent of recent origin and is relatively tranquil, with little
evidence of significant net current action except for some
erosion by tidal currents. Near the slope~rise boundary there is
very little sediment of recent origin, suggesting that current
action is strong enough in the region to periodically sweep away
sediment accumulation. The upper continental rise appears as a
tranquil, almost current-free region, with nearly uniform
sedimentation. No evidence was found of any waste material
reaching the bottom within the dumpsite boundaries.

The physical oceanographic environment in DWD-106 is extremely
complex and variable in all but near-bottom water. Normally the
surface layer of DWD-106 is Slope Water, which lies between
fresher Shelf Water to the west and more saline Culf Stream Water
to the east. Overrunning of Shelf Water occurs periodically,
rhowever, and Gulf Stream Water in the form of southward-moving
Gulf Stream eddies is present about 20% of the time.
Anticyclonic (clockwise) or warm core Gulf Stream eddies and
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stable regions just above the thermocline.
Available data reveal net current action to be toward the
scuthwest octant at all depths, approximately parallel to local
isobaths. Current reversals were associated with the passage of
warm core eddies, and changes in surface current occurred in
response to storm passages and other wind field changes. Surfac
flow in this direction would be consistent with average currentg
detected from navigational effects. The net current speeds
recorded (maximum = 11 cm/sec) are much lower than turbulent
speeds due to wind forcing (in the surface layer) or those due t
passage of an anticyclonic eddy.

The clinate of DWD-106 is typical mid-latitude marine with
synoptic and seasonal patterns similar to a land location but
with warmer winters, cooler summers, and stronger winds than at
corresponding coastal station. The mean temperature varies fron
about 4°C in ¥February to 24’ C in August. Northwesterly winds
prevail from October through March, when the region is influence
by northerly pressure centers, the Icelandic low, and the North
American High. Southwest winds dominate from April through
September when the influence of the Bermuda High to the south
prevails. Due to migrating weather systems, however, winds are
gulite variable in all seasons, most so in winter. The average
wind is almost twice as strong (10 m/sec) in January-February as
in July (5 m/sec). Waves are moderate, with an average wave
height reaching a hazardous level of 3.5 m or more about 10% of
the time in the winter, and around 1% in the summer. Both winds
and waves increase continuously with distance from shore."
Because of the water depth, suspended or slowly sinking waste
dumped at the 106-Mile Dumpsite would not reach bottom until day
or weeks have passed. Those waste components which are in
solution will not reach bottom at all, unless they are adsorbed
onto particles, absorbed by organisms, or undergo chemical
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precipitation in reaction with other constituents of the water
column. The extended residence time of some wastes in the water
column would lead to long drift trajectories for those materials.
Accordingly, the area potentially influenced by wastes dumped at
the site would be large.

The configuration of the potential area of influence (PAI) of the
dumped wastes has been developed, using a general understandinc
of the oceanographic processes and circulation features commonly
found in the waters of the outer continental shelf, slope and
Gulf Stream. Recognizing that the main perturbation in
circulation in the slope water is the aperiodic passage of warm
core rings (eddies) shed by the Gulf Stream, the characteristics
of these features were used to establish the approximate
dimensions of the PAI. Inspection of Oceanographic Analysis
charts prepared from satellite infrared imagery by the National
Earth Satellite Service and National Weather Service shows that a
typical warm core ring in the vicinity of the dumpsite has a
diameter of about 90 nm (170 km) and takes up to 100 days to
drift through the Site and southwestward to the vicinity of Cape
Hatteras, where it "runs out of space” and is recaptured by the
Gulf Stream. During the southwest drift from the dumpsite the
rings gradually diminish in diameter and their drift rate slows.
Occasionally they stall off Virginia before they re-enter the
Gulf Stream. The rotary currents (clockwise) of warm core rings
are vigorous enough to pull shelf water into the slope water ar~s
and push slope water along the bottom onto the continental shelf
as far as the 50-m isobath.

With the assumption that some waste materials remain in the
upper water column for 100 days, the approximate PAI was
generated by successively plotting typical warm core ring
_positions from northeast to the southwest through the slope water
area, beginning at the point of first contact with the
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northeastern corner of the dumpsite and allowing for injection of
slope water onto the Shelf. This plotted area of influence

(Fig. 2) however, carries no information regarding probability of
occurrence or concentration of waste materials, but merely statesg

possible occurrence of wastes dumped at the 106-Mile Dumpsite

within the previous 100 days. The eastern boundary of the PAI
approximately coincides with the average position of the Gulf
Stream, which may at any time recapture warm core rings carrying
waste materials. Once recaptured, the water involved would be
carried toward the northeast relatively rapidly (up to 3.5 Kkts or
180 cm/secj) .
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2.3 Vertical Density Stratification at the 106-Mile Site

Potential Area of Influence (PAI)

processes which modify the density of oceanic waters in the
vicinity of the 106-Mile Dumpsite and its potential area of
influence area (PAI) are either meteorological or oceanographic
in nature. These processes alter two physical characteristics of
seawater, 1l.e. temperature and salinity, causing changes in its
density. It is the density of seawater, and the rate at which it
changes with respect to an increase in depth which controls
whether a specific dumped waste will sink and mix into the ogean
kor remain less diluted at the ocean's surface. This density
gradient 1is largely controlled by temperature and secondarily by
salinity. When the change in temperature with depth is large, a
thermocline is formed while large salinity changes with depth
signify that a halocline is present. Generally, density is
inversely proportional to temperature and directly proportiona.
to salinity. Normally salinity has less of an effect on the
density of seawater than does temperature.

Any meteorological or oceanographic process which modifies the
temperature or salinity of seawater may in fact change the
water's density and alter the ocean's ability to mix with, and
hence dilute and disperse dumped wastewaters. It is the density
gradient which is the singlemost important factor controlling the
Vertical penetration of ocean-dumped waste. When the gradient is
large, a pycnocline is formed and vertical penetration of wastes
is inhibited while a small gradient signifies that waste
penetration of the gradient will be only slightly impeded.

One of the most important processes controlling the density
gradient in the upper ocean is the seasonal meteorological cycle
leading to vernal (spring) warming and maximum summer water
emperature followed by fall cooling with winter water
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temperature minima. This seasonal heating of surface waters
causes these waters to decrease their density resulting in a
strong seasonal thermocline and pycnocline, forming a very stable
water column.

wright (1976a) discusses meteorologically-induced temperature
stratification for the slope water region. This paper is also
pertinent to the waters of the continental shelf and thus
includes almost the entire PAI for the 106-Mile Site. Wright
(ibid) subdivided the slope water into surface, permanent
thermocline and deep layers based on thermal characteristics.
The surface layer (0-200m) is affected by the seasonal warming
and as a conseguence decreases in density which leads to
temperature stratification and the development of a seasonal
pycnocline. This lasts from late spring to early fall when
atmospheric cooling and oceanic mixing destroy it. During this
stratified period a warm (20-25°C) mixed layer 30-40 m deep
develops (e.g. Fig. 3). Below the mixed layer, temperature
decreases rapidly (as great as 0.5 C/m) within the seasonal
thermocline forming a seasonal density gradient or pycnocline.
The seasonal pycnocline can inhibit downward sinking of
materials, (Orr et al. 1980, Kohn and Rowe 1981) by acting as a
floor where materials would accumulate. Mixing of materials
across the pycnocline may occur periodically during the spring,
summer and early fall by the passage of storms and weather fronts
which may destroy the temperature stratification. Deep mixing
and cooling during the winter season extends to the bottom on the
continental shelf and to about 200 m depth in the slope water
region (Fig. 4). These processes are especially significant to
the fate of certain wastes dumped at the 106-Mile Dumpsite.

A permanent thermocline layer is present in the slope water at
150-600m. This layer exhibits thermal gradients of about 0.02°
¢/m and remains unchanged by the seasonal meteorological cycle.
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The deep slope water layer (600m to bottom) exhibits slow
temperature decreases to a minimum of 2.2°C depth. Changes of
temperature and salinity within the permanent thermocline and
deep layers are related to the incursions of anomalous water
masses such as the Gulf Stream or warm core Gulf Stream ringe.
7o date, the permanent thermocline has not been shown to affect
the behavior of dumped wastes, although little work has been done
in this area. Dumped waste has not been detected within the deep
slope water layer.

vertical thermal stratification of the PAI is also affected by
irregular inshore and offshore movements of the shelf/slope
front. The front exists at the seaward limit of less-saline
shelf water which extends into the slope water as a thinning
wedge. The bottom of this front usually is close to the 100m
isobath and extends to the sea-surface some 30-80 km seaward of
the front's near-bottom position (Wright 1976b). At the surface
the location of the front is highly variable and less-so near

- bottom and often forms large, wave-like motions with wavelengths
of 100 km or more along its seaward edge which propagates at
speeds of about 5 cm/sec (Gunn 1977, Halliwell 1978).

The shelf/slope front itself can also extend far seaward into the
slope water along the surface. Workers have shown that in the
late winter and early spring seasons the front has often beer
located seaward of the 200 m shelf break and sometimes has been
lying nearly 100 km seaward of the shelf break, thus
overspreading the entire 106-Mile Dumpsite (Fig. 5) (Gunn 1979),
Hilland and Armstrong 1980, Hilland 1981). Causative mechanisms
for this movement are believed to include increased freshwater
land runoff, Ekman transport (Boicourt and Hacker 1976, Beardsley
and Flagg 1976), wind-induced frontal momentum imbalances
(Csanady 1978), warm~-core Gulf Stream rings (Morgan and Bishop
1977) and local baroclinic instability over steep topography
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(Flagg and Beardsley, 1973).
One consequence of seasonal surface heating of the shelf waters

is the development of a "cold pool" of near-bottom water. The

cold pool is generally located inshore of the shelf/slope front
and remains undisturbed until winter mixing again occurs (Ketchyy
and Corwin, 1964). Sub-surface parcels of "cold pool" water nay
become detached by a process termed "calving" and have often hegp
noted in the slope water as deep temperature inversions to 120 p
(Cresswell, 1967) and represent one method by which shelf water
may stratify the slope water region.

Movement of the shelf-slope front into the 106-Mile Dumpsite
would have varying consequences depending on the season.
Of fshore movement during the winter and early spring would
replace the surface slope water layer with colder, less-saline
shelf water, resulting in a reversed thermocline with warmer,
more-saline slope water underlying the surface shelf layer. When
this anomalous condition occurs the resulting density
stratification may inhibit vertical mixing of materials. During
summer and early fall however, the same overspreading would have
little effect due to the uniform surface heating of both the
shelf and slope waters.

2.4 Gulf Stream Effects

Thermal structure across the 106-Mile Dumpsite's PAI is also
affected by the aperiodic passage of warm core Gulf Stream rings
and possibly by the Gulf Stream itself. Both of these features
possess thermal characteristics which are quite different from
surrounding waters and may drastically influence the behavior of
dumped waste. |
The region near the 106-Mile Site is minimally impacted by
northward meandering of the Gulf Stream while the area east of
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W may be most disturbed by it (Fig. 6). A northward meander
extending into the 106-~Mile Site however, if it occured, would
displace a large volume of slope water, as the Stream extends to
or near bottom. This would import much warmer and more saline
waters into the region. A near-surface thermocline may still
exist, but the permanent thermocline would now be located some
400m deeper. Zones of strong current shear with currents as
great as 200 cm/sec would accompany such an excursion.

Extreme northward extension of Gulf Stream meanders sometimes
forms clockwise rotating warm core rings of Gulf Stream water
surrounding central cores of water from the Sargasso Sea
(saunders, 1971) (Fig. 7). These rings move generally to the
west or southwest through the slope water at 2-10 km/day (4-20
cm/sec) until they encounter either another meander or the Gulf
stream off Cape Hatteras. However, they have been observed to
stop or even move in other directions for days or even weeks.

XBT and infrared satellite imagery data for 1974-1975 show that
although several rings formed each year, usually only 3 moved far
enough west to affect the 106-Mile Site annually during this
period (Bisagni, 1976). A vertical temperature section through a
ring centered just northeast of the site during July 1975 is
shown in Fig. 8. The seasonal thermocline extended to 50 m
across the ring, while the main thermocline began at 500m, much
eeper than the surrounding slope water. Between 50 and 500m
depth in the ring's core was a thick layer of nearly isothermal
(isopycnal) water of about 15 C. A thick layer such as this

ould exhibit a minimal density gradient and might allow the deszp
enetration of certain types of materials. Other workers

tudying the production of warm core rings from 1976-1980 found 3
0 6 rings occurred aperiodically throughout each year at the
06-Mile Site (Mizenko and Chamberlin 1981).

he presence of a Gulf Stream meander or a discrete warm core
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ring within the 106-Mile Site PAI may allow dissolved wastes to
penetrate and mix to appreciable depths due to thick isopycnal
layers and the deeper permanent thermoclines of these features
relative to slope water. Zones of high current shear near the
edge of a ring or meander would certainly affect the horizontal
dispersion of dumped wastes. Aperiodic, offshore movements of
shelf water into the site due to entrainment currents associateg
with meanders or rings can further complicate the hydrography
within the PAI.

The water mass variability and seasonality discussed above makes

the PAI region one of the most dynamic and changeable areas in

the western north Atlantic (Bisagni and Kester, 1981) and does
not readily allow prediction of individual waste plume dispersion
or trajectory unless the hydrography in the vicinity of the plume
is explicitly known at the time of the dump. However, some
general observations can be developed regarding vertical
dispersion and mixing of wastewaters based on the presence or
absence of a seasonal pycnocline and the density of the dumped
waste itself. There generalizations are discussed below.
Waste with densities less than that of seawater will probably not

reach the ocean bottom within the PAI but will be most affectec
by horizontal dispersion as they remain at or near the ocean's
surface. Vertical barge-wake mixing will be limited by the
seasonal pycnocline (if it exists). Also, this mixing is
instantanecus, e.g. the waste may form surface slicks despite
barge turbulence. However distribution of the waste throughcut
the seasonal mixed layer will eventually occur. In the absence
of the seasonal pycnocline, deeper penetration of this type of

low density waste may occur.

Wastes with densities close to that of seawater also will
probably not reach the ocean bottom within the PAI. Vertical
barge-wake mixing to the seasonal pycnocline (if present) or
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ceper (if absent) will be almost instantaneous; further
jspersion is of the horizontal type. Wastes of this type may
ollect at high concentrations along the seasonal pycnocline
ithin a few hours after dumping.

éstes with densities much greater than that of seawater will

dst probably possess high sinking rates. The fate of this waste
éy pe to accumulate on the ocean bottom. Wastes of this type

re almost exclusively affected by their sinking rates. 1In this
ase barge-wake mixing and horizontal dispersion are almost

nsignificant.

.5 southwest Drift Within the 106-Mile Site

Potential Area of Influence

orizontal movement of dissolved wastes dumped within the

g6-Mile Site's PAI will be initially controlled by the movements
the near-surface waters at and near the 106-Mile Dumpsite. As
e dumped waste settles or diffuses into deeper layers, the
ar-surface currents become less criticial while deeper currents
in in importance. Direct current measurements for the region
wever are relatively few in number and there are no long-term
rrent meter data at the 106-Mile Site itself. Ingham et

. (1977). summarized vector-averaged currents for a series of
bitrarily selected depth layers collected at Site D by the

ods Hole Oceanographic Institution about 200 km east~northeast
the 106-Mile Dumpsite, (Fig. 2). This summary is given 1n

ble 1 and is derived from reports by Pollard (1970), Tarbell

d Webster (1971), Tarbell (1974), Chausse and Tarbell (1971)

d Pollard and Tarbell (1975).

€ Site D data show that the net currents were toward the
St-northwest octant at all depths moving approximately parallel
the isobaths. Assuming that these currents would continue to
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follow the bathymetry throughout the 106-Mile PAI, this would
cause the currents to rotate toward the west-southwest in

agreement with previous reports. This hypothesis is supported by
drift-bottle data along the outer continental shelf, as
summarized by Warsh (1975). It is for this reason that the
potential area of influence is skewed towards the southwest
relative to the 106-Mile Dumpsite. Surface flow as observed frop
the Site D data is consistent with average currents detected in
the region from navigational offsets and portrayed by the U.sS.
Naval Oceancgraphic Office (USNOO, 1965). These surface current
speeds (maximum = 11 cm/sec) are much lower than those which
would occur under turbulent conditions, such as occurs in the
surface layer with wind-forcing or due to passage of an
anticyclonic warm-core Gulf Stream ring.

The movement of warm-core Gulf Stream rings themselves through
the Slope Water provides additional insight intensity into the
long-term water currents and trajectories within the PAI region,
Bisagni (1976) showed that the movement of 13 warm—-core Gulf
Stream rings observed during 1974 and 1975 was towards the west
or southwest paralleling the bathymetry (Fig. 9¢). Movement of
the rings however is often interrupted by periods of time (days
or weeks) when the rings remain stationary or reverse direction.
Bisagni (ibid) determined a mean speed of 8 cm/sec (3.8 nm/day)
to the southwest from the translational speeds of 5 long-lived
warm core Gulf Stream rings during 1974 and 1975. This estimate
is consistent with other similar observations reported by
Gotthardt (1973).

Near-surface current measurements made at and near the 106-Mile
Dumpsite have been reported by Bisagni (1981). Short-term
current measurements were conducted through a series of 3 buoy
experiments which utilized radio-direction-finding (RDF) buoys
drogued between 5 and 30m depth. These short-term studies showed
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jffering results. During March 19,79 buoys drogued at 5, 10 30m
epth and deployed at the 106-Mile Site moved westward, (Fig. 10)
o positions inshore of the 200m shelf break at speeds of between
and 50 cn/sec over a 2 or 3 day period. This moticn may have
cen caused by subsurface onshore movement of a warm slope water
layer beneath the colder, fresher shelf water at the surface as
roposed by Boicourt and Hacker (1976). Buoys deployed at the
cite during May 1979 and drogued at similar depths moved
ortheasterly, parallel to the bathymetry at between 20 and 120
m/sec well offshore of the continental shelf (Fig. 11). This
ovement was in response to entrainment of the buoys within the
nshore edge of warm core Gulf Stream ring 79-A. Finally, during
ay 1980 buoys released at both the 106-Mile Site and at 39° C5'N,
2°53'W on the continental shelf moved southwesterly at between

1 and 21 cm/sec apparently in response to local winds,

Fig. 12).

ased on the results of these short—-term RDF buoy studies, a
ong-term (3 month) current study was conducted in the late

unmer and fall of 1980 (Bisagni 1981). This study utilized 2
atellite-tracked drogued buoys (numbers 03020 and 03021) which
ere deployed near the center of the 106-Mile Dumpsite in
eptember 1980 (Julian Day 248) and tracked via satellite until
ecember 31, 1980. The 2 buoys were equipped with window shade
type drogues centered at 10m depth within the mixed layer above
the seasonal pycnocline. Figure 13 shows the deployment
positions- for both buoys and the trajectory for each until
October 15, 1980 (Julian Day 287). These data were superimposed
upon the interpreted infrared satellite imagery for Julian day
266 showing the location of the shelf-slope front, the Gulf
Stream and warm core rings 80-A and 80-B (Fig. 13). Initially
DOth buoys indicated current speeds of generally less than 25

cm/sec towards the southwest until reaching the vicinity of
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warm-core ring 80-A. Entrainment of both buoys along the eastery
margin of the ring within a seaward extension of shelf water
(Julian days 269-277) was accompanied by anticyclonic current
speeds of up to 54 cm/sec (1 knot) (Bisagni, in press). After
interacting with ring 80-A, both buoys moved farther to the
southwest and eventually became entrained within the Gulf Streap
off Cape Hatteras and moved rapidly to the northeast with speeds
greater than 150 cm/sec (3 knots). Movement of the buoys from
the 106-Mile Site to a position offshore of Cape Hatteras
resulted in cross-frontal movement and required 35 days, or about
1 month's time. A volume transport (volume/unit time) estimate
for the seaward extension of shelf water along the eastern margin
of ring 80-A indicated that the instantaneous value would be as
large as 1900 km3/year but may be intermittent in nature.

2.6 Bottom Currents and Sediment Transport Within

the 106-Mile Site Potential Area of Influence (PAI)

The movement of sediments within the 106-Mile PAI may be
indicative of the movements of wastes which might become

associated with the sediments. Generally, the movement of
sediment is governed by several important factors including:

1. Grain size

2. Composition

3. Cohesiveness

4. Percent water content

5. Current velocity and duration

6. Bottom boundary-layer phenomena and turbulence

7. Deposit feeding benthos.
Erosional bottom current velocities, which are the current speeds
needed to erode sediments, will vary based on these above
variables. Once in suspension, however, the sediments remain in
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suspension until a lesser depositional current velocity is
reached (usually a lower value than the erosional velocity)i
alternatively some sediments may move along the bottom, never
pecoming suspended in the water. Hjulstrom (1939) discusses the
relationship between erosional and depositional bottom current
velocities and grain size. The empirically derived curve
presented by Hjulstrom is shown in Fig. 14. Based on this curve,
continental shelf sands could be eroded with currents of about 25
cm/sec while finer sediments on the slope and continental rise
would reguire somewhat higher velocities.

pumpus (1973) studied long-term near bottom currents on the shc'f
by releasing thousands of seabed drifters. The long-term bottom
drift was directed west to southwest at speeds of 1-2 cm/sec over
the outer continental shelf between Cape Cod and Cape Hatteras
along the shoreward edge of the PAI (Fig. 15). Superimposed upon
these weak long-term near-bottom drift currents are currents in
the tidal (6-24 hour) and sub-tidal (2 to several days)
frequencies. Tidal currents are usually forming rotary,
constantly varying in direction, thus described as tidal
ellipses. Scott and Csanady (1976) noted moderately strong (20
cm/sec) tidal currents 11 km south of Long Island during
September 1975. Tidal currents generally decrease in magnitude
awvay from the coast (Fig. 15) and with increasing depth,
(Beardsley et al. 1976, Patchen et al. 1976).

orcing (e.g. local winds or waves caused by some distant
ceanic or meteorological event) (Ou et al. 1981; Bennett and
Magnell 1979; Scott and Csandy, 1976; Beardsley and Flagg
976). Beardsley and Butman (1974) propose that offshore winter
torms dominate the shelf circulation by causing strong westward
ind stresses south of New England which in turn drive surface
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water shoreward due to Ekman transport. This causes the
sea~level to rise along the coast and results in current flow tg
the west. Storms located over the land cause large current

oscillations but little net along-shore flow. Bishop and

Overland (1977) showed that during the winter season wind-drivenp

circulation predominates on the shelf. Boicourt and Hacker
(1976) showed near-bottom currents of 12-36 cm/sec increased in
magnitude away from shore on the shelf while Beardsley et al.
(1976) showed that shelf currents turned in a more shoreward
direction with closeness to bottom. Seasonal thermoclines and
pycnoclines on the continental shelf however have been shown to
de-couple currents above the pycnocline from those below it (Han
et al. 1980), thus causing significant vertical shear during the
stratified seasons.

Sediment transport on the continental shelf, slope and rise is
controlled to a great extent by the effect of the above described
currents. Biscaye and Olsen (1976) measured suspended
particulate concentrations in the New York Bight and found
resuspension of fine bottom sediments due to erosional currents.
McClennan (1973) reported that sediments off the New Jersey coast
in 4 water depths between 59 and 143m were being reworked, as
evidenced by ripple marks and sedimentary structure analysis.
Mean currents measured at 1.5-2.0m above bottom varied between
11.8 and 19.5 cm/sec, Based on critical erosional velocities, the.
shelf sediment may be eroded as much as 30% of the time by
currents and 8% of the time by wind waves. Swift et al. (1976,
showed the importance of storm events in causing large sediment
transports on the shelf due to sustained southwesterly
near-bottom currents of greater than 50 cm/sec for 12 hours or
more. These short-term but efficient large scale storm-related
transports are separted by long periods of quiescent, minimal
transport. Swift et.al. (ibid) indicated westward transport of
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ftom sediments south of Long Island and southward transport

,st of the New Jersey shore. '

,rther offshore from the continental shelf lies the continental
jope in water depth of 200-2500m. The near-bottom slope area is
enerally a tranguil environment devoid or nearly devoid of
ompetent currents able to transport sediments, (Fig. 15),

Heezen 1975). Several canyon systems incise the slope region
rom Cape Cod south to Cape Hatteras and have been shown to
possess erosional currents (maximum currents of 27 cm/sec) with
ow reversals (Keller et al. 1973; Nelsen et al. 1978).

ediment texture studies and organic carbon analysis suggest
ong-term down-canyon (seaward) transport of fine sediments to

he continental rise (Fig. 15).

t the boundary between the upper continental rise and the base
f the continental slope (2500 m) a narrow band exists which
ppears to be an area of considerable erosion, based on the
edforms present. The erosion of hemipelagic ooze in this region
ay be quite intermittent however, Jjudging on data from camera
tations (Heezen, 1ibid). The upper continental rise (2500-3500m)
s an area of slow uniform sedimentation and has been at least

or the last thousand years (Heezen, ibid). Across the lower
ontinental rise (depths greater than 3500m) is an area of many
urrent-induced bedforms, the result of the Western Atlantic
ndercurrent (Fig. 15) (Heezen, ibid), which may at times extend
to the upper continental rise located offshore of the

ilmington Canyon area (Stanley and Kelling, 1967).

\Sed on these above observations, the PAI from the 106-Mile Site
learly includes both depositional and erosional sedimentary
nvironments which are not easily delineated. Waste trajectories
ong the bottom across this region therefore would be extremely
fficult to predict. Dumped wastes which reach bottom on the
ntinental shelf (water depths of less than 200m) may move
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shoreward, although erratically, while wastes which reach the
bottom on the slope or rise would tend to move seaward. Seawargd
transport of sediments may be maximal in the many canyon systemg

present.

2.7 Conclusions

Physical oceanographic characterization of the 106-Mile Dumpsite
were used to develop a potential area of influence ellipse given
in Fig. 2. The entire region is rather similar, being a
high-energy area with significant near-surface and bottom
currents flowing mostly parallel to the bathymetry. The entire
area is affected by storm systems, weather fronts and seasonal
differences of insolation and winds. Warm-core Gulf Stream rings
irregularly traverse the entire region also, importing Gulf
Stream and Sargasso water together with high speed rotational
currents.

Based on these factors, the PAI ellipse together with the site
itself must be characterized as a highly dispersive environment
where both suspended and dissolved waste constituents are rather
effectively mixed and transported in a rather unpredictable way
from the point of input. More current data are clearly needed,
especially during the winter season, to allow a reliable
assessment of the long-term trajectories from the 106-Mile Site
to points within the PAI. Information concerning specific fates
of wastes dumped at the 106-Mile Site may be found in Chapter 12.

2-20




72°00'W

OwWD

106

<

—

Figure 1,

Bathymetry in the

|
72°C

-~

v

(]
W

v

vicinity of the 106 Mile Dumpsite.

2-21

38°30'N



SARGASSO
SEA

76° 72° 70°

Figure 2. Location of the 100-day potential area of influence
(PAI) for the 106 Mile Dumpsite (heavy dashed line)
and several bathymetric contour lines. Also shown
are the major water masses of the region; dotted lines
indicate approximate locations of oceanic frontal zones
located at their boundaries.
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Figure 5. 1973-1977 mean monthly shelf/slope front positions (+ 1 standard

deviation) along a southeast bearing line from Sandy Hook, New Jersey
relative to the 200m shelf break near the 106 Mile Dumpsite. Positive
value indicate the front was located seaward of the 200m shelf break,
while negative values indicate the front lay shoreward of the 200m
shelf break. (Adapted from Gunn, 1979)




Figure 6. Nine months of weekly composite Gulf
Stream north wall locations {(March-
November 1976) from infrared imagery

obtained by GOES satellites. (After
Maul et al., 1978)
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Figure 9. Trajectory envelopes for the movement of the centers of 13
. warm-core Gulf Stream rings (light shaded area) and sector
about the 106 Mile Dumpsite (darker shaded area) when a ring
occupied some or all of the site. (After Bisagni, 1976)
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Figure 10. March 7-17, 1979, RDF drogued buoy trajectories
for buoys 264, 265, 266, 267, and 269. Drogue
depths (m) are given in parentheses. Numbers
alongside the arrows indicate the number of
days between successive positional fixes.
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May 9-18, 1979, RDF drogued buoy trajectories
for buoys 291 through 296. Drogue depths (m)
are given in parentheses. Numbers alongside
the arrows indicate the number of days between
successive positional fixes.
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May 8-24, 1980, RDF drogued buoy trajectories
for buoys 454, 465, 456, 463, 468 and 472.
Drogue depths (m) are given in parentheses.
Numbers alongside the arrows indicate the

number of days between guccessive positional
fixes.
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Figure 13.

Synoptic surface water mass analysis for
September 22, 1980 (Julian day 266) based
on AVHRR (Advanced Very-High Resolution
Radiometer) infrared satellite imagery
(National Earth Satellite Service Oceano-
graphic Analysis). Also shown are the
12-hour, splined trajectories of satellite-
tracked buoys 03020 (squares) and 030021
(dots) with Julian days and the location
of the 106 Mile Dumpsite. (After Bisagni
(in press) ).
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Schematic cross-section of the continental margin and
overlying waters eastward to and beyond the 106 Mile
Dumpsite showing the major types of near—surface and
bottom currents which would affect waste disposal at the
106 Mile Dumpsite: (1) Tidal currents, (2) Long-term
onshore bottom currents, (3) Net down canyon currents
with otherwise weak currents on the continental slope,
(4) Sub-tidal currents of varying magnitudes, (5) Power-
ful currents associated with warm-core Gulf Stream rings
and meanders, (6) Erosional currents at the base of the

continental slope, (7) Weak currents on the upper continen-

tal rise, (8) Erosional currents on the lower continental
rise due to the Western Atlantic Undercurrent. (Distances,
water depths and current -arrows shown are not to scale
but are for schematic purposes only.)




Table 1. Average Cuwrrent Velocities from Meters Deploved by
Woods Hole Oceaographic Institution Mear Site D.
{Bfter Ingham et al. 1977)

Cumulative Record
Meter Depths {(m) Length {(davs) Average VYelacity

020 261 11 em/sec at 298,
20=—E0 205 S cmi=zec at I0d
&0 — 150 =85 8 cm/sec at 27

150-&00 I26 2 cmisec at 298
Q=1 100 249 % cm/sec at 284°
1900~ (bottaom—5S0) 57 2 cm/sec at 278°
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Chapter 3. 106-MILE SITE SEDIMENT CHARACTERISTICS

Thomas P. 0'Connor!l

1 SEDIMENT CHARACTERISTICS

1.1 Sediment types

Descriptions of the seafloor in the context of the 106-mile site
are those of a system unmodified by dumping. If in the future
large volumes of particulate Wastes are dumped at the site,
changes along the seafloor could occur. It is worth summarizing
some of what is known about sediment composition, chemistry,
stability and rate processes in the region which could receive
wastes. The information may be useful in assessing future uses
of the 106-mile site.

The region of interest is the continental slope and rise off the
U.S. east coast north of Cape Hatteras and the outer continental
shelf. Physiographic properties of the slope and rise have been
described by Heezen (1975 and 1977) and Bisagni (1977) in sections
of larger reports on the 106-mile site. Boesch (1977) has
summarized information on sediment distributions and dynamics on
the continental shelf. The site itself overlies depths between
1750 m in the northwest corner to 2800 m in the southeast. By
definition it overlies the continental slope (200 to 2500 m) and
upper continental rise (2500 to 3500 m). Except possibly for a
narrow band between these physiographic provinces they are
depositional regimes. The lower continental rise, however, at
depths of 3800 m or more is under the erosional influence of the

1Nationa1 Oceanic and Atmospheric Administration
National Ocean Services N/OMS33

Ocean Assessments Division

Ocean Dumping Program

Rockville, Maryland 20852
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Western Bouhdary Undercurrent. Unless waste dumped at the
106-mile site descends slowly enough that it can be expected to
reach the Undercurrent before intersecting the seafloor, it is a
useful conservative assumption to consider settled wastes as no
“longer subject to horizontal dispersion. The gquiescent nature of
the seafloor in the region of the 106-mile site was evident in
the Rowe and Gardner (1979) observation from a submersible that
bottom water was free of a nepheloid layer.

Sediments on the slope and rise are primarily silts and clays
with less than 10 percent sand-sized particles. An exception
seems to be in sediments lying along seaward extensions of

submarine canyons. Seaward of the Hudson Canyon, Pearce et al.
(1975) and Rowe and Clifford (1978) found sediments to contain
50 percent or more sand while to the south (including below the

106-mile site) silts and clays were dominant. In general, the
sediments are about 30 percent calcium carbonate by weight and
contain about 1 percent organic carbon (Rowe and Clifford, 1978).

Under certain hydrographic conditions waste particles could

migrate over the outer continental shelf. The shelf is character-
ized by sandy sediments with the outer shelf (100 to 200 m) sedi-
ments containing a higher proportion of fine sands than shallower
locations and 5 to 10 percent silt and clay. As depths increase
down the slope the percentage of silt and clay increases, reaching
the 90 percent value typical of slope and rise sediments at a
depth of about 600 m (Boesch, 1977). The sparcity of silt and
clay, except in depressions, on the inner sheif is due to a lack
of supply, the probability that smalil partic]esvwhich do reach
the sea from estuaries migrate beyond the shelf before settling
far enough to reach the seafloor (Schubel and Okubo, 1972), and
the fact that as depths increase the effect of surface waves on
sediment resuspension increases. Butman et al. (1977) observed
bottom currents at 90 m (their deepest measurement) to be
sufficiently large under the influence of winter-storm waves to
resuspend sediments. Boesch (1977) noted that ripple marks,



evidence of sediment movement, have been observed to depths of
200 m. It may be that fine-grained sediments on the outer shelf
are episodically transferred to deeper water but, as with slope
and rise regimes, it is a conservative assumption to consider the
outer shelf to be depositional.

2 Inorganic constituents

Results of heavy metal analyses of sediments collected along the
continental slope from about 37.0°N to 39.5°N by Grieg and
Wenzloff (1977) are summarized in Table 1 and compared with
average concentrations in deep-sea clays. Since the clay-sized
fraction of slope sediments is about 40 percent by weight and
such sediments are 30 percent calcium carbonate (Rowe and
Clifford, 1978), the Grieg and Wenzloff (1977) concentrations
should be multiplied by about 3.5 to compare them with deep-sea
clay concentrations. Doing so makes the columns in Table 1 more
similar, though the clay concentrations are still higher to some
extent. Basically, the metal concentrations in slope sediments
are what one would expect in: a natural system where clays are
diluted with silts, sands and calcium carbonate. The exception
is Cd. Even without considering clay dilution with other
particles, the Cd concentrations reported by Grieg and Wenzloff
(1977) exceed those in deep-sea clays. The high Cd concentra-
tions cannot, however, be due to waste dumping at the 106-mile
site. Assuming that Grieg and Wenzloff's (1977) 1.0 ppm average
concentration of Cd in the upper 4 cm of sediment applies over an
area that is 270 km long (37.0°N to 39.5°N) and, conservatively,
50 km wide, 540 mt of Cd must be accounted for, assuming a
sediment density of 1.0. Even during a year of considerable
dumping activity (1978, 0'Connor [1983]) only about 0.4 mt of Cd
was dumped.
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The chemical characteristics of continental shelf sediments vary
directly with sediment grain size distribution. Bothner (1977)
has contoured total organic carbon concentrations showing
mid-shelf concentrations of 0.1 percent (dry weight) with lower
concentrations toward shore and increasing concentrations toward
the siope. Outer shelf organic carbon concentrations are in the
0.5 to 1.0 percent range, the higher concentrations being on the
upper slope and typical of deeper ocean sediments. Trace metal
concentrations cannot be readily summarized because of the grain
size dependence. Representative matal data in Table 2 indicates
concentrations to be higher in the finer sediments, a relation-
ship well established for larger data sets (Bothner, 1977 Harris
et al., 1979). The grain size effect is most evident in the data
of Harris et al. (1977) where their relatively gentle method of
metal extraction would emphasize metals associated with particle
surfaces.




organic constituents

There is less data on xenobiotic organic compounds in slope ;
sediments than for heavy metals. Harvey and Steinhauer (1976)
included three sediment samples from the continental slope and
rise off the northeast U.S. in their set of 14 samples from the
shallow and deep Western Atlantic. Those three samples, from
depths of 2325 to 3785 m, had PCB ({polychlorinatedbiphenyl)
concentrations in the range of 0.001 to 0.005 ppm on a dry weight
basis. Shelf sediment concentrations except those in New York
Bight or close to shore fell within that same range. LaFlamme
and Hites (1978) found a 0.05 ppm (dry weight) concentration of
non-alkylated PAH (polyaromatic hydrocarbons) in a sediment
sample taken from the abyssal plain of the North Atlantic
(position 32° 25'N, 70° 13'W, depth ca. 5000 m). Concentrations
in siope sediments are probably higher than that but less than
found in shelf sediments (0.5 in Gulf of Maine, 0.8 in Buzzards |
Bay, 5.8 in New York Bight, [LaFlamme and Hites, 1978]). Smith |
et al. (1977) reported sediment concentrations in the range of

0.005 to 0.5 ppm over the shelf for a sediment extract operation-

ally defined as aromatic hydrocarbons. This fraction contained

po1ynuc1ear aromatic hydrocarbons (Bieri, 1977). As with total

organic carbon and metals, concentrations increased as particle

size decreased so concentrations tended to be highest on the

outer shelf and seaward. Farrington and Tripp (1977) analyzed

hydrocarbons in the region of ocean dumping in the New York Bight

and at sixteen other stations on the continental shelf and slope

and abyssal plain. Of that fraction of total hydrocarbons which

could be attributed to fossil fuels, the concentrations were

about 1 ppm or less in shelf, slope, and abyssal sediments except

in the New York Bight.



3.1.4 Effects of dumping

Components of waste dumped at the 106-mile site could reach the
seafloor directly below the site only if they sink rapidly enough
to descend the requisite 2000 m before being horizontally trans-
ported away from the site. Ingham et al. (1977) have summarized
current velocities measured at various depths at the Woods Hole
Oceanographic Institution Site-D, about 100 km north-northeast of
the dumpsite, and indicated their usefulness in describing f1ow
at the 106-mile site. Using their data, the depth-weighted
average velocity through the dumpsite is calculated to be

2.5 cm s'1 to the southwest. The Tlongest straight 1ine through
the site, a diagonal, is about 65 km. So, if a waste component
were sinking while being horizontally transported it would
traverse 65 km and be beyond the site in, at most, 30 days. To
reach the seafloor in that time it would have to sink at about

0.1 cms™t. This is a relatively fast rate, corresponding to the
Stokes settling velocity of a 40 micron sphere {coarse silt) with
a density of 2.6 ¢ cm'3 (quartz). None of the wastes routinely
dumped at the 106-mile site in large annual volumes were charac-
terized as containing particles of such size or density. There
is no evidence of sediment contamination due to dumping. Waste
chemicals, if they are not decomposed, must reach the seafloor at
some time either by being carried with slowly settling waste
particles or by incorporation into sinking biological debris.
However, the times required for doing so allow for considerable
horizontal dispersion and, therefore, dilution of waste among
natural sediments.
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The effect of dumping settieable solids at the 106-mile site may
be more physical than chemical. The flux of waste particles to
parts of the seafloor could overwhelm the ambient mass flux and
threaten benthic organisms with burial. Ambient fluxes onto the
seafloor at the 106-mile site and at three seaward locations were
measured by Rowe and Gardner (1977) who deployed near-bottom

sediment traps for five- to fifteen-day periods in the summer of
1976. Recalculated to an annual basis, their fluxes ranged from
Zyr'l for the three traps
at the 106-mile site. This should be compared with expected

5 to 17 mg cm'zyr'l, averaging 14 mg cm~

fluxes of waste to estimate the physical hazard dumping may
present.

So long as mass fluxes of waste are small relative to ambient
fluxes, organisms will not be physically threatened. However,
those small fluxes will be difficult to detect by examining
sediments. The mass fluxes of Rowe and Gardner (1977) correspond
to a sediment build-up rate of 0.015 cm yr'l (0'Connor et al.,
1983). If waste fluxes are of a similar magnitude, quantifying
them by sediment analysis would require sampling the upper few
tenths of millimeters of sediment--a very difficult task.
Moreover, waste particles will be subject to biological mixing
into sediments (bioturbation). Dayal et al. (1979) found the
distribution of Cs-137 in sediment near a cannister of Tow-level
radioactive waste to be consistent with the cannister's leaking
at depth in the sediment and Cs-137 being mixed by bioturbation
with a coefficient of 1.14 cm2 yr'l. This cannister was among
those at a once used disposal site at a depth of 2800 m located
at 38°30'N and 72°06'W, about 20 km south of the 106-mile site.
Sediment characteristics there are certainly appropriate in
consideration of 106-mile site. However, Dayal et al. (1979)
noted that other investigators at other sites have found
sedimentary distributions of radionuclides to be consistent with
lower bioturbation coefficients. Nevertheless, using a Tow

coefficient of 0.1 cm? yr'l, 0'Connor et al. (1983) calculated
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that maximum concentrations of sediment contamination even after
ten years of dumping would be ten times less if bioturbation is
considered than if it is not. Essentially, without inclusion of
bioturbation it is assumed that waste particlies would simply sit
atop the seafloor.

1t is recommended, therefore, that if cettleable solids are
dumped in significant amounts their flux to the seafloor be
measured with sediment traps. Measuring contamination directly
on the seafloor will be very difficult unless the waste flux is
very large relative to the ambient mass flux.




Table 1. Concentrations of transition metals in slope
sediments and deep sea clays.

Concentration (ppm, dry) Average concentration (ppm,
in slope sediments® dry) in deep-sea clays

etal ave (s.d)

cd 1.0 (0.5) : 0.4

Cr 24.7 (2.4) 90

Cu 25.4 (3.2) 250

Hg 0.2 0.X

Ni 31.7 (4.0) 225

Pb 16 (3 ) 80

In 49.6 (5.7) 165

Grieg and Wenzloff (1977) analysis of upper 4 cm of
sediment. Averages are for 16 samples (14 for Pb). Six
samples were not included, four from shelf and two near
Hudson Canyon, where concentrations were lower presumably
because sediments were dominated by sand-sized particies.

Riley and Chester (1971) summary from Turekian and Wedepohl
(1961). Concentrations are for clays on a carbonate-free
basis. While Pacific clays display about three times the
concentrations of most of these elements as Atlantic clays, the
Tisted concentrations are simple averages of clay concentrations
observed in both oceans.




Table 2. Transition metal concentrations in surfical
shelf sediments.

Concentratéon (ppmddry) determgned by
rigorous /gentle  extraction

Sta—a b Percentb

tion” Depth(m)” silt & clay  Cr Cu Ni Pb In
D1 31 <1 23/ 0.9 5/ 0.4 4/ 0.7 8/3.7 20/ 4.3
D2 33 <1 13/ 0.5 «2/¢<0.1 2/ 0.2 7/0.8 14/ 1.7
D3 35 <1 18/ 0.6 <«2/<0.1 2/ 0.3 7/1.2 14/ 2.1
D4 50 5 22/ 1.4 <2/ 0.8 6/ 0.8 12/5 25/ 6
El 68 2 10/ 1.1 <2/0.2 3/<0.2 9/1.6 15/ 2.5
E2 65 5 18/ 2.1 3/ 1 4/ 1.2 10/6 23/10
E3 65 <1 5/ 1.0 <2/ 0.4 <2/ 0.1 6/2 7/ 1.8
E4 78 4 8/¢1 <2/ 0.4 3/ 0.8 8/4.4 14/ 4.0
Fl 85 1 11/ 1.1 3/ 0.2 3/ 0.5 11/2.6 47/ 3
F2 112 5 16/ 1.9 2/ 0.6 5/ 1.3 10/3.2 22/ 6
F3 152 8 16/ 1.3 <2/ 1.0 8/ 1.0 10/4.0 29/ 7.2
Fa 185 4 21/ 2 3/<0.4 6/ 1.3 11/4.6 29/ 7.3
Al 90 8b 18/ 1.5 «2/ 0.7 8/ 1.2 11/5 24/ 6.3
A2 130 23b 33/ 3 7/ 2.5 13/ 3.3 11/8 40/13
A3 135 18b 29/ 2 3/ 1.2 12/ 2.4 10/5.7 32/ 9
Ad 197 15 26/ 3 3/ 1.0 9/ 1.6 10/6 38/10

@ Station designations of BLM Mid-Atlantic OCS study.

b Boesch (1977). Chemical analyses not necessarily from same samples
measured for grain size. Ranges on depth and percent silt/clay
averaged. Outer shelf sediments near Hudson Canyon higher in

- percent silt/clay than at other outer shelf areas.
C Bothner (1977) extractions with concentrated acids ("total digests").
d

Harris et al. (1977) extractions with 5N nitric acid, room temperature,
two hours ("acid leachable metals").

Both Bothner and Harris et al. report Cd concentrations to be
less than 0.1 ppm.
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4.1

CHAPTER 4. WUTRIENT VARIABILITY
A. Matte, R. Waldhauer, A. F. J. Draxler and J. E. 0'Reilly!

INTRODUCTION.

An important attribute of the ecosystem of the northwest Atlantic
continental shelf is its high phytoplankton productivity (0'Reilly
and Busch, 1982), which is dependent, in part, on the availability
of nutrients (nitrogen, phosphorus, and silicon). Estimates of

phy toplankton production place this shelf system among the most
productive shelf ecosystems in the world. As part of extensive
monitoring and assessment programs by the National Marine Fisheries
Service's Northeast Fisheries Center (NEFC) to characterize this
system and identify its various interrelated processes, water
samples for nutrient analysis were collected on MARMAP (Marine
Monitoring Assessment and Prediction) cruises from Cape Hatteras to
NMova Scotia several times a year for a period of three years.

Apart from smaller scale localized studies, the efforts of the NEFC
represent the first attempt to characterize nutrient distributions
and processes shelf-wide. One of the objectives of the program, to
identify the character and extent of any current or future
man-induced impacts on the system, led to the examination of a
portion of this data set to describe conditions in the region of
the 106-Mile Ocean Waste Disposal Site.

Figures derived from 180 horizontal and vertical distributions of
dissolved inorganic nutrients using first year data are presented
here to describe the spatial and temporal distributions of
inorganic nutrients over the Middle Atlantic mid- and outer
continental shelf. A forthcoming atlas of nutrient distributions
over the continental shelf from Cape Hatteras to Nova Scotia, being

1Nationa] Marine Fisheries Service
Northeast Fisheries Center

Sandy Hook Laboratory

Highlands, New Jersey 07732
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4.2

prepared by NEFC's Environmental Chemistry Investigation at Sandy
Hook, will contain the data on which these figures are based.
Nutrient distribution information such as this should permit a
clearer determination of the potential impact of the timing and
nature of a disposal activity on phytoplankton production levels,

NUTRIENT DISTRIBUTIONS AND PRODUCTIVITY.

In order to provide some context for the interpretation of the
results of this chapter, some expected patterns of nutrient
distribution and their relationship to productivity should be
reviewed. Nutrients, light, and temperature are key factors in the
regulation of primary production. Photosynthesis is limited to the
illuminated surface layers of the sea and is dependent on the
availability of various substances such as nitrogen, phosphorus,
and silicon. The absorption of these substances by plankton in
this photosynthetic or euphotic zone reduces the concentration of
these nutrients and limits further growth of plankton

populations. Some nutrients can be regenerated as planktonic
organisms die, with the resultant nutrients recycled within the
euphotic zone. However, there is also a continuous loss of
nutrients as phytoplankton sink below the euphotic zone or are
consumed by zooplankton. Nutrients therefore tend to accumulate in
the deeper, darker layers of water where photosynthesis does not
take place. Levels of production in the euphotic zone depend
heavily on the rate at which these nutrients from enriched deeper
waters are returned to the productive euphotic layer by mixing
processes.

Temperature, as well as directly affecting the rate of
photosynthesis, influences the supply of nutrients by affecting
water density. Density distributions can inhibit vertical mixing
processes which restore nutrients to surface depleted layers.
Summer warming of surface waters establishes a relatively stable
density distribution. Below the warmed surface layer, waters are
progressively cooler and therefore heavier as depth increases. The
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summer season is also usually associated with decreased storm
activity, which at other times of the year would contribute to the
break up of any layering. This water layering or stratification
impedes vertical mixing and the exchange of nutrients between
deeper nutrient-rich waters and the warmed nutrient poor surface
layer.

Changing light and temperature regimes therefore result in a
seasonal cyclic pattern of primary production. In the early
spring, the water column is well-mixed and contains sufficient
nutrients to support increased primary production as the intensity
and availability of light increases, resulting in a spring bloom of
phytoplankton. As surface water temperatures rise and the summer
stratification of the water column develops and begins to retard
nutrient transfer from deeper waters, phytoplankton concentrations
increase next to the thermocline (the gradient representing the
region in the water column of maximum temperature change with
depth) and nutricline (the region in the water column of maximum
change in nutrient concentration with depth) and decrease in the
surface layer. The breakup of these stratified conditions in
autumn due to the cooling of surface waters and increased
storminess gives rise to a smaller bloom of phytoplankton before
the decreased Tight availability and temperature again begin to
severely 1limit the relative size of the plankton population. The
effects of upwelling, water mass movements, and eddies are
superimposed on this seasonally changing productivity pattern and can
alter the expected nutrient regime both temporally and spatially.

METHODS.

Over 18,000 measurements of dissolved inorganic nutrient
concentrations (nitrite, nitrate, ammonium nitrogen,
orthophosphate, and silicate) were reviewed. These values were
determined from filtered sea water samples collected between May
1979 and March 1980 on 11 cruises. Horizontal distributional maps
were generated for each nutrient species at the deepest sampling
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4.4

RESULTS.

level (bottom water for most stations, but not for all those whepe
station depth exceeded 200 m), and for a weighted average of the
upper one-fourth of the water column (but not exceeding 30 m in
depth). Maps were produced using SYMAP programs, Version 5
(Harvard Center for Environmental Design Studies, Laboratory for
Computer Graphics and Spatial Analysis). Vertical nutrient
distributions were also generated for two cross-shelf transects
near disposal areas. Surveys were usually Tlimited to the
continental shelf in waters less than 200 m deep. Figure 1
indicates the distribution of station locations sampied during the
period covered by this data set and the potential area of influence
(PAI) of the 106-Mile Site. The 106-Mile Site is east of the
principal survey area. The most seaward stations occurring at and
east of the 200 m isobath were not always sampled to the bottom
when occupied. Eighteen stations located at or east of the 200 m
isobath fell within the PAI. Figure 2 shows the location of the
two cross-shelf transects. Transect 2 begins at the mouth of
Delaware Bay and runs southeast extending into the lower portion of
the 106-Mile Site PAl. Transect 3 intersects the PAl ellipse just
north of the 106-Mile Site and has its origin at the mouth of the
Hudson River estuary. The mid-shelf region was taken to be the
area of the shelf between the 50 to 100 m isobaths while the outer
shelf was defined as the region east of the 100 m isobath extending
to the 200 m isobath.

4.4.1 Mid-Shelf Nutrient Spatial and Temporal Variability

Bottom water column nitrate concentrations in the mid-shelf
region north of Transect 2 were higher than surface
concentrations throughout the year. Nitrate concentrations
in bottom water generally increased seaward, with isopleths
of nitrate generally paralleling the isobaths. The seaward
extent of the 1 uM (micro mole) contour was generally in
the vicinity of the 60 m isobath, although its position
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varied east-west by some 60 km over the year in the mid-
shelf region south of Delaware Bay and north of Transect 2
(Figure 2). Highest observed bottom water concentrations
across this mid-shelf region were reached in May when the

5 uM contour Tine was at its most shoreward excursion
(Figure 3). Lowest observed bottom water nitrate
concentrations occurred in April, with secondary minimal
values in June. Vertical nitrate profiles along Transect 2
demonstrated the expected stratification of mid-shelf water
during warmer months and well-mixed uniform conditions in
early spring (Figure 4). The average location of the

0.2 uM nitrate contour line in the Transect 2 vertical
profile generally corresponds with the mean depth of the
euphotic zone (26 m) for this mid-shelf location (0'Reilly
et al., 1981) and indicates nitrate depletion by
phytoplankton in the euphotic layer at this time of year.

Observed values for nitrite in the surface layer at the same
mid-shelf region were lowest in May and October (Figure 6)
with little variability over the sampling period,
demonstrating a behavior similar to that of surface layer
nitrate. Nitrite distributions in bottom waters were not as
uniform as those of nitrate. Bottom water nitrite isopleths
also did not parallel isobaths as well as nitrate

isopleths. Highest nitrite concentrations in bottom waters
of this mid-shelf area were observed in October (Figure 6)
and corresponded with an observed nitrate maximum. Unlike
nitrate, observed concentrations in May were less than in
April or June; variations over the sampling period were
again small. Nitrite was not as vertically stratified as
nitrate in August in the mid-shelf region along Transect 2,
but did exhibit similar vertical patterns the rest of the
year.



Highest observed ammonium nitrogen concentrations in the
mixed surface layer in the mid-shelf region occurred in
August and the Towest in April. Bottom water exhibited a
maximum in August and a minimum in March. A gradient in
ammonium nitrogen concentration associated with the Delaware
River discharge was observed in vertical profiles along
Transect 2 during August, September, and October (Figure 7).

Highest surface layer phosphate concentrations observed mid-
shelf north of Transect 2 were in April and the lowest in
May (Figure 8). May surface and bottom water phosphate
distributions were the most uniform with respect to the
coast, with isopleths of phosphate concentration generally
paralleling the coast throughout the PAI. Lowest observed
bottom water phosphate values in the mid-shelf area occurred
in March, and the highest in October. At this time the

0.6 uM isopleth was 50 km west of its March position
(Figure 9).

Observed silicate concentrations in the surface water layer
across the mid-shelf region were lowest in August and
highest in June. There was an area with elevated values in
April and June off Cape May, New Jersey near the western
boundary of the PAI. In October, regions of reduced
silicate concentration extended 70 km seaward from the New
Jersey coast (in the same area as the April and June high)
and 70 km off the coast of Virginia at the southwest edge of
the PAI. In bottom waters, highest silicate concentrations
were observed in May and October while the lowest values
were in March, similar to phosphate concentrations. A
well-mixed water column is expected in March and this was
the only period samplied that did not exhibit an area of
reduced silicate concentration in mid-shelf bottom waters
off the mouth of the Delaware River at the western edge of
the PAI. This area of reduced concentration extended to the
southeast in April and May, to the northeast in June, to the
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north in September, and to the northwest in October. This
region of depletion was also reflected to some extent in the
surface layer as were the elevated silicate values north of
Transect 2 and southeast of the 106 site observed in April
and June.

Outer Shelf and Slope Nutrient Spatial and Temporal Variability

Observed nitrate values for the surface mixed layer of
continental slope water west of the 106-Mile Site were
generally 0.2 uM or less during the summer and fall, as were
the more inshore values from spring to fall. 1In spring,
nitrate values in surface waters adjacent to the 106-Mile
Site increased to 2 uM or more. Bottom water concentrations
were again typically higher than surface concentrations
throughout the year. Evidence suggests that deeper slope
water nitrate concentrations at the 106-Mile Site remained
above 15 uM through the spring, reaching values of 25 uM or
more by June and then decreasing to between 5 and 10 uM at
the greatest sampling depths in the fall. Vertical profiles
along Transect 3 show, as do those along Transect 2, the
expected stratification of nitrate distribution in warmer
months, and mixing in early spring (Figures 4, 5).

Offshore, the mean depth of the euphotic zone for this
region (approximately 40 m, 0'Reilly et al., 1981) again
approximates the depth of the 0.2 uM contour, as in the case
of the mid-shelf region.

Variations of nitrite concentrations in surface waters
adjacent to the 106-Mile Site were similar to those of
nitrate. Nitrite was highest in spring, reaching 0.1 uM or
more and exhibiting little difference from the observed
mid-shelf values the rest of the year, typically being below
0.05 uM throughout summer and fall. Highest bottom water
concentrations occurred in June, when nitrite values in
slope waters adjacent to the site were observed to be from 2




to 8 uM or more. Concentrations of 0.2 uM were more
characteristic of the bottom waters in this area in the
spring. There were several observations of less than
0.05 uM after the June maximum through the early winter
months.

Highest observed ammonium nitrogen concentrations

(0.2 uM) in the mixed surface layer of the outer shelf near
the 106-Mile Site occurred in August, as in the southeast
mid-shelf region. Lowest observed surface layer values
(around 0.1 uM) were also concurrent, occurring in April in
both locations. Lowest ammonium bottom water concentrations
at the outer shelf area were also around 0.1 uM (in July),
with an observed maximum of 2.0 uM or more occurring in
August corresponding to the surface layer maximum.
Gradients in ammonium concentration associated with the
Hudson River plume were observed at certain times of the
year in vertical profiles along Transect 3, as reported by
Waldhauer et al. (1980).

Data indicate that surface layer phosphate concentrations
for the outer shelf adjacent to the 106-Mile Site ranged
from 0.4 to 0.1 uM, with maxima occurring in September and
April and a minimum in July (Figures 8, 10). Bottom water
isopleths followed the same pattern as that of surface
waters, with maxima of approximately 1 uM in April and
September and a minimum of 0.6 uM in late June to early
July (Figure 11).

Highest dbserved silicate levels in outer continental shelf
and slope surface waters adjacent to the 106-mile site
occurred in May when regional waters contained silicate
concentrations of 6 uM or more. By July, values had dropped
to below 1 uM. Observed bottom water values of silicate in
this area peaked in June when the 10 uM contour line moved
to 20 km west of the disposal site. Lowest observed bottom
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water values occurred in March when the 1.5 uM contour
occupied the June position of the 10 uM contour line.

4.5 DISCUSSION.

Nitrate data demonstrated the expected seasonal stratification of
the water column throughout the surveyed area of the PAI, and the
subsequent nitrate depletion of surface Tayers by phytoplankton
during the summer months. Data indicate shoreward migration of
nutrient-rich water from late summer through fall. The location of
the 1 and 5 uM bottom nitrate isopleth positions varied shoreward-
seaward up to 100 km from winter to summer during the sampling
period (Figures 2, 3). These figures indicate large temporal
variability in nutrients in shelf waters over the PAIL.

Figures 12 and 13 indicate the seasonal cross sectional locations
of the 1 uM NO3, isopleth along Transects 3 and 2, respectively.

Waters above and shoreward of the individual isopleths generally
contain less than 1 uM NOj, while those seaward and below the

1 uM isopleth locations have NO; concentrations of 1 uM or more.
On Transect 3, between 140 and 150 km offshore, the 1 uM nitrate
contour was found between 35 and 45 m and not below 50 m except
during well-mixed spring conditions (Figure 12). During spring,

the 1 uM isopleth passed through the 45 m level approximately 140
km seaward of the mouth of the Hudson River estuary but still
exhibited a 20 km shoreward protrusion in the water column between
25 and 45 m, on an otherwise vertical orientation. On Transect 2,
a similar semi-stratified distribution was observed, although not
quite as distinct, with the 1 pM nitrate contour not dropping below
the 40 m level seaward of the 110 km offshore position, usually
being observed between 20 and 40 m (Figure 13). Again there was a
small area, in this case from 100 to 120 km offshore and between 30
and 40 m deep, where the 1 uM contour was always observed, its
location being somewhat shoreward and shallower than the one on
Transect 3. A spring shoreward protrusion of the 1 uM nitrate
contour of about 5 km was also observed between 25 and 40 m. These
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shoreward-seaward migrations and the scale of the smallest area
which always contained the 1 uM contour (10-20 km) are
characteristic of the scale of movement reported by Wright (1972)
for the seasonal change in location of the average bottom water
position of the shelf/slope front.

The area of apparent nutrient temporal variability on the shelf
south of Transect 2 seems to be less extensive than that north of
the region (based on seasonal 1 and 5 uM contour locations,
Figures 2 and 3). To the north, monthly nutrient contours move
across a broader area of the shelf which exhibits a general

northerly increase in width. This trend of northerly increasing
spatial variation is also indicated in the temporal variation of
the surface shelf water front (Ingham, 1976). Frontal influences
therefore are suggested in these nutrient data and it appears that
bottom waters in the mid-shelf region and west of the 106-Mile Site
are strongly influenced by cross-shelf transport of slope water
rich in nutrients.

Bottom water nitrate concentrations in the mid-shelf region
southeast of the 106-Mile Site undergo significant variations over
the course of a year. Buring the warmer summer months, a
stratified water column develops over the site with a biologically-
depleted surface layer. A tongue of nutrient-rich water can at the
same time extend é]ong the bottom of the shelf (as it did in August
on Transect 2 southwest of the site; Figure 4) and up into the
depleted surface layer. In winter, non-stratified well-mixed
conditions exist, with an shoreward intrusion of nutrient-richer
waters occurring below 20 m (Figure 4).

Bottom concentrations of nitrate on the outer shelf near the
106-Mile Site remain high year round, with the relative magnitude
of seasonal change being smaller than over the more inshore mid-
shelf area. In summer, a stratified water column and a nutrient-
depleted surface layer develops. The depth of this depleted layer
is somewhat greater than in the mid-shelf region (Figure 5) and
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coincides with a deeper euphotic layer offshore (40 m for the water
near the 106-Mile Site; 26 m for the mid-shelf area north of
Transect 2 southwest of the 106-Mile Site.

Despite the formation of a nutrient-depleted surface layer,
relatively high levels of primary productivity are sustained shelf-
wide throughout the summer (0'Reilly and Busch, 1981).
Stratification of the water column at this time of year would be
expected to greatly reduce nutrient transport from nutrient richer
bottom waters and replenishment of nutrient-depleted surface
layers. During this period nutrient regeneration within the upper
water column may therefore be crucial for the maintenance of

phy toplankton stocks and productivity rates in the region. If this
were the case, -any activities affecting upper water column
regenerative processes by directly interfering with these
processes, or nutrient loading by increasing the supply of locally
available nutrient species, would be expected to have an impact on
phy toplankton abundance and pfoduction. At other times of the year
when vertical mixing is not so impeded, or when upwelling and
onshore movement of nutrient-rich deeper waters takes place, water
mass transport may be the dominant process in influencing the
quantities of nutrients available for assimilation by
phytoplankton. Cross-shelf transport of bottom waters may then
have a re]ativ919 greater influence on the productivity of the
outer to mid-shelf region than it would have in the slope waters
nearer the 106-Mile Site, where deeper water concentrations of some
nutrient species remain relatively high throughout the year. In
slope waters vertical mixing processes due to storms, ring
passages, etc. could potentially resupply nutrient-richer waters to
surface layers from deeper layers independent of any advection
mechanisms. Inshore regions do not have this year-round deeper
water pool for potential nutrient resupply. The presence of a
permanent thermocline, which exists year-round in deeper slope
waters at depths not less than 200 m, should retard any vertical
movement of bottom slope nutrient-rich waters up into the warmed
offshore surface layer. Examination of the larger data set
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4.6

CONCLUSIONS.

generated by NEFC's coastal surveys, and not yet fully processed,
may permit the determination of the frequency of incidence and
importance, if any, of offshore surface layer nutrient supply from

nutrient richer waters above the permanent thermocline.

Initial examination of inorganic nutrient data from the region west
and southwest of the 106-Mile Ocean Waste Disposal Site indicates a
high degree of temporal and spatial variability in concentrations
of various nutrient species. Isopleths of bottom water nitrate
concentrations over the mid- and outer shelf generally parailel
isobaths shoreward of the site and exhibit large seaward-shoreward
excursions over the course of a year. In summer, a thermally
stratified water column develops with a surface layer, extending to
the depth of the mean euphotic zone, becoming depleted of nutrients
by phytoplankton activity. The relatively high levels of primary
productivity sustained shelf-wide throughout the summer indicate
that nutrient regeneration in the upper water column may be a
crucial process in maintaining summer pnytoplankton stocks and
productiVity rates. Any disposal activities affecting upper water
column regenerative processes and/or the nutrient loading of this
depleted surface layer may therefore have an impact on summer

phy toplankton abundance and production ievels. During winter and
spring, the water column is well-mixed resulting in increased
surface layer nutrient availability and a probable decreased
relative dumping impact potential. Deeper water nutrient
concentrations in waters just west of the 106-Mile Site remain high
year round leading to the possibility of summer surface layer
nutrient resupply by any vertical mixing processes independent of
slope water advection mechanisms. Bottom waters of the shallower
inshore areas of the shelf along the western extent of the PAI of
the 106-Mile Site undergo relatively large seasonal changes. A
significant portion of this variability seems to be due to cross-
shelf transport of nutrient-rich slope water.
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Figure 7. Cross-shelf profile of dissolved ammonium nitrogen along
Transect 2, October 1979.
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Figure 8. Distribution of dissolved inorganic phosphate in the mean
weighted surface layer in April and May 1979.
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Figure 9. Distribution of dissolved inorganic phosphate in bottom
waters in October 1979 and March 1980.
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Figure 11.

Figure 10.

Distribution of
dissolved inorganic
phosphate in the
mean weighted
surface layer in
July 1979,
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Distribution of dissolved inorganic phosphate in bottom
waters in April and late June-early July 1979,
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CHAPTER 5. PHYTOPLANKTON BIOMASS AND COMMUNITY SIZE COMPOSITION

Christine A. Evans-Zetlin and John E. 0'Reillyl

INTRODUCTION.

The purpose of this chapter is to characterize the phytoplankton
communities in slope and continental shelf water adjacent to the
106-Mile Ocean Waste Disposal Site (106-Mile Site) (Figure 1). The
characterization of this site is based on chlorophyll a
measurements, an index of phytoplankton biomass, made during 54
Northeast Fisheries Center surveys. Phytoplankton biomass and
community size composition are examined. Phytoplankton are divided
into netplankton (>20 um) and nannoplankton (<20 um) size
fractions. Knowledge of the phytoplankton community size structure
is "as important and probably more significant than total biomass
in determining modes of transfer between trophic levels" (Steele
and Frost, 1976).

Chlorophyll distribution is described for five regions which have
been delinated by bathymetry. Regions 4 and 5 are within the
potential area of influence {PAI) for the 106-Mile Site, with
Region 4 representing the outer Middle Atlantic Bight (MAB) between
60 and 200 m, and Region 5, the slope seaward of the shelf break
between 200 and 2000 m. Data collected over the MAB shelf between
0 and 60 m are also included so that trends in the PAI can be
compared with trends in adjacent mid-shelf and inshore waters. The
shoreward regions are designated as 1, 2, and 3, and represent the
areas between 0-20, 20-40, and 40-60 m, respectively (Figure 1).

No NMFS data are available for waters east and south of the
dumpsite; therefore, these areas will not be described.

ational Marine Fisheries Service
Northeast Fisheries Center
Sandy Hook Laboratory
Highlands, New Jersey 07732



5.2 METHODS.

Water samples for phytoplankton pigment analysis were collected on
54 cruises from October 1977 through March 1982 as part of an
extensive ongoing monitoring and assessment program to characterize
the principal biological components of the ecosystem over the
northwest Atlantic continental shelf from Cape Hatteras to Nova
Scotia. Generally, at each sampling location water for pigment
analysis was collected from standard depths of 1, 5, 10, 15, 20,
25, 30, 35, 50 and 75 m or bottom, whichever came first. After
spring 1980, 100 m sampling depth was added and routinely sampled.

Aboard the research vessel samples were size-fractionated into
netplankton (>20 um) and nannoplankton (<20 um) and analyzed for
chlorophy1l a (chla) using the fluorometric method described in

Evans and 0'Reilly (in press). The chlorophyll concentration in
the two size fractions was added to generate an estimate of the
total chlorophyll a found at each depth sampled. The weighted
water column average of total chlorophyll a (arithmetically
integrated chla/deepest depth sampled) was calculated for each
station sampled and then contoured using SYMAP program (version 5,
Harvard Center for Environmental Design Studies, Laboratory for
Computer Graphics and Spatial Analysis).

Data collected in each area from all six years sampled were pooled
by month so that the general features of the annual cycle of
phytoplankton abundance (chlorophyll a) could be described.
(January data for Regions 3 and 5 have not been included in
statistical summaries since the number of samples was small.) A
weighted average chlorophyll g_(mg/m3) value was determined for
each station occupied. The weighted averages for total chlorophyll
a, netplankton chlorophyll a and nannoplankton chlorophyll E_were
arithmetically averaged by month for the entire water column for
each region. The total amount of chlorophyll a found in the water
column as well as the chlorophyll jl(ﬂ@/m3) in the netplankton
size-fraction and in the nannoplankton size fraction for each
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region were graphed by month to get an understanding of
phytop1ankton abundance and cbmmunity structure throughout the
year. The percentage of the total community chlorophyll a
contributed by nannoplankton was determined by dividing
chlorophyll a measured in the nannoplankton size frac:tion by total
chtorophy1l a. The coefficient of variability (standard deviation
x 100) was calculated for each region.

RESULTS AND DISCUSSION.

5.3.1 Biomass Distribution over the Middle Atlantic Bight Shelf

Phy toplankton biomass (mg ch1g]m3) is distributed over the
shelf in a well-defined pattern. A gradient exists with
high biomass concentrations inshore (Region 1) and low
concentrations offshore (Region 5) (Figures 2, 3, and 4).
This pattern is present throughout the year with variations
occurring in the magnitude of biomass present. The
estimates of the average annual biomass (excluding January
in Regions 3 and 5) for Regions 1-5 are 4.37, 2.26, 1.60,
0.94, 0.63 mg ch1gjm3/yr, respectively, and support the
generalization that phytoplankton biomass decreases from the
shallow to the deeper areas of the MAB shelf. Despite the
seven-fold decrease in biomass concentration from nearshore
to slope water, the overall month-to-month variability
within each of the five regions was similar (coefficient of
variability was 40, 42, 59, 48, and 52 for Regions 1-5,
respectively).

The onshore to offshore pattern of decreasing phytoplankton
biomass seen in our data set is supported by Smith (1973)
and Forns (1977). Smith reported an onshore to offshore
decrease in standing stocks in the Middle Atlantic Bight.
Forns reported a relationship between species abundance and
bottom depth when examining the shelf off Delaware.



In the Middle Atlantic Bight, the monthly distribution of
biomass was bimodal with highest biomass concentrations
found in the spring (all regions) and secondary maxima found
between November and December (all regions). Additional
maxima were seen in August and September in the inshore
Regions 1 and 2. The lowest biomass concentrations were
found during late spring and early summer at the onset of
thermal stratification. In Regions 1 and 2, the lowest
biomass concentrations occurred in May. In Regions 3, 4,
and 5 biomass concentrations were relatively low from May
through October.

The annual cycle of biomass reported in this study is
supported by data collected over the outer shelf and slope
in the New York Bight in 1957 (July, September, and
November) and 1958 (January) (Yentsch, 1977). Surface
biomass concentrations (highs averaging 3.25 mg ch1g/m3)
were measured during November and correspond to the
secondary maxima observed in our data set during this time
period. The lowest values averaging roughly 0.40 mg chlgjm3
were observed by Yentsch during July and correspond to Tow
concentrations observed during the summer stratified season
in the present study. VYentsch (1977) did not sample between
February and April and consequently the major spring maxima
was not observed. Shilling (1981) reported a primary spring
bloom and secondary fall bloom when discussing the Mid-
Atlantic sheilf.

Netplankton strongly dominated phytoplankton biomass in all
regions during the February to March spring bioom. Malone
(1976) in a study of the New York Bight apex, found the
nearshore area adjacent to the mouth of the Hudson-Raritan
estuary 1in March was strongly dominated by netplankton.
During the November to December secondary bloom netplankton
and nannoplankton were present in near equal amounts.
Netplankton slightly dominated during the November to
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December secondary bloom in Regions 1-4 (shelf) while
nannoplankton slightly dominated in Region 5, over the slope .
(Figures 2 and 4).

On an annual basis, there is an onshore to offshore trend in
phy toplankton community size composition. The percentage of
the annual biomass in the nannoplankton size fraction was
46, 42, 44, 52, and 63% in Regions 1 through 5,
respectively. Netplankton were slightly dominant in Regions
1, 2, and 3, whereas nannoplankton were slightly dominant in
the outer shelf Region 4 and clearly dominant in Regions 5,
over the slope.

In general, biomass (mg ch1g[m3) contributed by the
netplankton and total biomass paralleled each other. The
percentage of nannoplankton in the community varied
inversely when compared to total chlorophyll. Over the
year, variability among monthly biomass averages was greater
among netplankton than nannoplankton. The coefficient of
variability for netplankton was 55, 60, 71, 91, and 113 for
Regions 1-5, respectively. Variability among monthly
averages increased with depth. 1In each region, the
coefficient of variability for nannoplankton was lower than
for netplankton. The coefficient of variability for
nannoplankton in Regions 1-5 was 35, 28, 29, 14, and 28,
respectively.

The general pattern of onshore to offshore decrease in total
biomass is also present in the netplankton and nannoplankton
data. Mean annual netplankton biomass concentrations
decreased from 2.34 mg ch]g]m3 in Region 1 to 0.22 mg
ch]g/m3 in Region 5. Nannoplankton concentrations decreased
from 2.03 mg chla/m3 (Region 1) to 0.36 mg chla/m3

(Region 5).



5.3.2 Region 1 (0-20 m)

Distribution of biomass over the yearly cycle was bimodal,
The highest biomass concentrations (7.44-7.23 mg ch]gjm3)
were found during the January-February period in the
unstratified season. Broad secondary peaks were observed
during September (4.97 mg ch]g/m3) and during fall bloom in
November and December (4.78 and 4.34 mg ch[g/m3,
respectively). Generally, biomass concentrations exceeded
3.00 mg ch]gjm3 except during those months when

stratification was present (May, June, and July) when the
lTowest values 1.75, 2.76, and 2.74 mg ch]gjm3 were
observed. Biomass concentrations clearly reached their low
point in the annual cycle in May (Figures 2, 4; Table 1),

Netplankton dominated the communities throughout most of the
year. They accounted for 71% of the standing stock during

the February spring bloom and for between 55 and 62% of the
standing stocks the remainder of the year except durfng May,
June, July, and September when nannoplankton were dominant
and accounted for 51-67% of the community biomass. In
general, netplankton were dominant during the unstratified
season (strongly in February, weakly the remainder of the
season) and nannoplankton dominated the stratified season.
Netplankton accounted for 54% of the annual biomass and were
dominant eight out of 12 months.

Biomass concentrations in Region 1 were consistently higher
than those in all other regions throughout the year (Figures
2, 4). The lowest concentration (1.75 mg ch]gjm3) observed

in this region was higher than the maximum (1.43 mg ch?g/m3)
observed during spring bloom in Region 5 and was close to
the maximum (2.12) observed in Region 4.
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5.3.3 Region 2 (20-40 m)

The annual cycle of biomass in Region 2 follows the general
bimodal pattern seen throughout the shelf. Averaged biomass
conentrations were highest (3.84 mg ch]g/m3) during the
February "spring bloom". During the secondary November to
Decemper fall bloom, concentrations averaged 2.96 and

3.38 mg ch]gjm3, respectively. A relatively high biomass
conentration was also seen in August (2.10 mg ch]g/mB).
Biomass concentrations were relatively low during late
spring and summer months of April, May, June, and July with
biomass concentrations averaging 1.46, 1.05, 1.34, and 1.56
mg ch]g/m3, respectively (Table 1).

As in Region 1, netpTankton were responsible for greater
than 50% of the total annual biomass. They dominated seven
of the 12 months accounting for 58% of the annual biomass,
and again, as in Region 1 were slightly dominant over
nannoplankton on an annual basis. Spring (February), fall
(November-December), and late summer (August) maxima were
all dominated by netplankton. As in Region 1, netplankton
were strongly dominant during the February spring bloom
accounting for 77% of the biomass. During the November-
December fall bloom, netplankton and nannoplankton were
present in near equal amounts, although netplankton were
slightly dominant accounting for 54 and 60% of the biomass,
respectively. Both February and November-December peaks
were associated with the unstratified season.

The "summer maxima" observed in Region 2 differed in time
and size composition from the summer maxima in Region 1. 1In
Region 2 the maxima was predominately netplankton-dominated
in August, yet this was less prominent than the maxima
observed during "spring" and "fall" blooms. In Region 1,
the summer maxima was observed in September and
nannoplankton-dominated, and was comparable in magnitude to
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5.3.4

5.3.5

the November to December maxima. No summer maxima were
observed in Regions 3, 4, and 5.

Region 3 (40-60 m)

Biomass concentrations in Region 3 were distributed in a
bimodal pattern (Figure 2). The highest concentration of
biomass (3.35 mg ch1g/m3) was found in March during spring
bloom. Again, a secondary bloom was observed in the fall
during November and December with biomass concentrations
averaging 1.98 and 1.76 mg ch]g]m3, respectively. No peak
was observed during summer.

Low concentrations of biomass were observed from May through
September. The lowest concentration (0.82 mg ch]g[m3) was
observed in May. From June through September, biomass
concentrations averaged roughly 1 mg ch]g/m3.

Over the year (excluding the two observations in January),
biomass concentrations in the nannoplankton size fraction
did not exceed 0.83 mg ch1gjm3. Netplankton concentrations
exceeded 1 mg ch1g[m3 only during "bloom periods" and
generally remained below 0.85 mg ch]g]m3 during the

remainder of the year. Netplankton and nannoplankton were

present in near equal quantities throughout most of the year
but netplankton were often slightly more dominant than
nannopiankton. In March during spring bloom, netplankton
were strongly dominant and accounted for 70% of the averaged
biomass. Over the annual cycle netplankton accounted for
56% of the total biomass.

Region 4
Total biomass concentrations were distributed bimodally in

Region 4. As in Region 3, the higher standing stocks were
found in March during spring bloom and during the November
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to December peak. Averaged concentrations during these
months were 2.12, 1.01, and 1.22 mg ch}g/m3, respectively
(Figures 2, 4; Table 1). As in Region 3, the spring bloom
was dominated by netplankton (accounting for 75% of biomass)
and the fall bloom was slightly dominated by netplankton.

The lowest concentrations of biomass were present during the
stratified season from May through September and in

October. Nannoplankton clearly dominated the community
during this time period, accounting for between 65 and 74%
of the total biomass. This differs from Region 3 where
netplankton and nannoplankton were present in near equal
quantities during this time period.

Over the year, nannoplankton concentrations were farily
consistent, ranging from 0.41-0.62 mg ch{g{m3. Netplankton
concentrations were not as consistent over the annual cycles
as those of the nannoplankton size fraction. They generally
ranged between 0.14 and 0.69 mg ch]g[m3, with the exception
of March, when netplankton concentrations reached 1.59 mg
ch]g[m3. Concentrations less than 0.25 mg ch13[m3 were
observed during the summer and early fall stratified season.

Nannoplankton slightly dominated the averaged annual biomass
in Region 4, accounting for 52% of the total biomass. This
stands in contrast to Regions 1, 2, and 3 where netplankton
were slightly dominant on an annual basis.

When averaged total biomass are considered on a monthly
basis, Region 4 (outer shelf) concentrations were always
Tower than those observed in Region 3, and higher than those
in Region 5 (slope). This pattern was also observed with
monthly averages for netplankton and nannopWankton
fractions.
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5.3.6 Region 5

In Region 5, as in Regions 3 and 4, monthly biomass

concentrations were distributed in a bimodal pattern over
the year with the higher chlorophyll a concentrations
occurring during March (1.43 mg ch]g/m3) and November to
December (0.82 and 0.76 mg ch]gjm3, respectively. Over the
yearly cycle, nannoplankton were dominant, accounting for
63% of the total annual biomass. However, the spring bloom,
as in all other regions, was dominated by netplankton which

accounted for 68% of the total average biomass. The fall
bloom was slightly nannoplankton dominated (56%).

The lowest biomass concentrations were found over the slope
during the stratified season from May through September, and

in October. These monthly low values ranged from 0.35-0.61
mg ch}g/m3 and averaged 0.54 mg ch{g/m3. As in Region 4,
nannoplankton dominated the stratified season accounting for
80% of the biomass during this time period.

Considering the yearly cycle, total chlorophyll a and
nannoplankton chlorophyll a concentrations in Region 5 were
consistently lower than those found in Region 4. Monthly
nannoplankton averages ranged from 0.27 to 0.65, with an
average of 0.39 mg ch13[m3. Average chlorophy1l a in
netplankton ranged from 0.04 to 0.36 mg chlg/m3, averaging
0.16 for all months except March when biomass concentrations
reach 0.97 mg ch1gjm3 during spring bloom.

5.4 CONCLUSIONS.

This chapter provides a description of the phytoplankton community
in waters over the slope and continental shelf adjacent to the 106-
Mile Site. Average water column chlorophyll a estimates from 54
cruises spanning the period of October 1977-March 1982 were pooled
by area and month, irrespective of year, to form a synthetic year
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of averaged water column biomass estimates. The area potentially
affected by material dumped at the 106-Mile Site was divided into
two subareas to examine chlorophyil distribution: 1) the slope,
the area seaward of the shelf break between 200 and 2000 m, and 2)
the outer shelf (the area approximately between 60 to 200 m). NMFS
phy toplankton data are not available for the region beyond the

2000 m isobath. Additionally, to put the information for the slope
and outer shelf in perspective, data collected over the remainder
of the shelf were also examined. These additional subareas on the
shelf were defined by bathymetry (0-20, 20-40, and 40-60 m).

The annual cycle of biomass was generally bimodal in all five
regions examined. The highest biomass concentrations over the
entire shelf were consistently observed during the spring bloom
during February (depths <40 m) and March (depths >40 m). The
lowest concentrations were consistently observed during the
stratified season. This occurred in waters <60 m (Regions 1, 2,
and 3). At depths >60 m (Regions 4 and 5) corresponding to outer
shelf and slope, biomass concentrations were consistently Tow from
May through October. A secondary peak in biomass was observed
during November and December across the entire shelf. Additional
peaks of abundance were also observed in late summer for the two
nearshore regions; during September, at depths <20 m and in August
at depths between 20-40 m.

A recurring gradient in biomass concentration was observed with the
monthly and annual chlorophyll a averages. Highest biomass
concentrations were inshore (0-20 m) and the lowest were found at
depths >200 m (Region 5).

Phy toplankton community size composition varied over the year.
Netplankton strongly dominated the February-March spring bloom over
the entire shelf generally accounting for 70% of the standing
stocks. In contrast, nannoplankton generally dominated communities
during the mid-year stratified periods when biomass concentrations
were at a low. During the fall bloom, netplankton and
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nannoplankton contributed to the phytoplankton community biomass ip
near equal amounts. In waters less than 200 m (Regions 1-4)
netplankton slightly dominated the fall bloom, while in water

>200 m (Region 5) nannoplankton siightly dominated but these
differences are probably not of statistical significance.

At depths <60 m (Regions 1-3) netplankton were slightly more
abundant than nannoplankton over the annual cycle. Nannoplankton
were slightly more abundant between 60-200 m and nannoplankton
clearly dominated the annual biomass at depths >200 m.
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to ‘the Neepwater NDumpsite 106,

Monthly averagel chlorophyll a concentration? and percent nannoplankton

in five Middle Atlantic Bight strata adjacent
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MONTH CHLA% sTD® gnaN® N/ CHLA STD %NAN N CHLA  STD CHLA STD  %NAN STD  %NAN N
JANUARY  7.44 3.34 44 5 2.24 0.86 44 4 4.25 0.88 0.83 0.02 67 0.00 0.00 0 0
FEBRUARY  7.23 4.28 29 25 3.84 2.81 23 61 2.28 1.49 1.11 0.73 43 0.37 0.20 71 14
MARCH  4.64 3.27 41 38 3.58 2.48 34 151 3.35 2.11 2.12 1.63 25 1.43 1.27 32 31
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MAY  1.75 1.16 51 22 1.05 0.80 52 77 0.82 0.46 0.73 0.40 70 0.61 0.33 67 21
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AUGUST  3.51 1.50 38 10 2.10 2.31 36 71 1.08 0.61 0.57 0.25 74 0.36 0.15 86 17
SEPTEMBER  4.97 4.62 67 34 1.63 1.70 59 65 1.06 0.74 0.56 0.26 74 0.44 0.20 85 13
OCTOBER  3.24 2.57 43 20 1.93 1.33 51 85 1.36 0.92 N.63 0.30 65 0.47 0.22 75 31
NOVEMBER  4.78 1.55 44 13 2.96 1.26 46 36 1.98  0.80 1.01 0.50 52 0.82 0.57 55 9
DECEMBER  4.34 2.09 42 18 3.38 1.98 40 47 1.76 0.87 1.22 0.59 43 0.76 0.46 56 16

1Weighted average for the upper 100 m of the water column.
2mg m=3

3Nannoplankton (<20 um)
4CHLA = chlorophyll a

5STD = standard deviation

6%NAN = percent of total chlorophyll a in the nannoplankton size fraction

N = number of stations sampled between 1977 and 1982
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pteT 6. SEASONAL ZOOPLANKTON STANDING STOCK AND DOMINANT SPECIES

John R. Green1

1 INTRODUCTION.

A critical step in the pathway from primary producers to man is

ough the zooplankton which serve as a primary food source to commercially
portant fish species. A consideration of the effects of ocean dumping of
dustrial and sewage wastes must assess the potential effects on these

mary consumers of particulate organic material as an integral part of

¢ pelagic food web. Presented herein is an analysis of data from

cently (1977-1981) collected zooplankton samples in the vicinity of

6-Mile Ocean Waste Disposal Site (106-Mile Site) and its potential

eca of influence (PAI) in terms of abundance and dominant species composition
rough the year. This report provides information for the portion of the
elf areas of Southern New England and the Mid-Atlantic Bight with
mparisons between 50 to 200 m depth portion and the adjacent inshore areas
th depths less than 50 m.

A number of previous studies of zooplankton in this same geographical

ea have been done but these are generally more lTimited in temporal and

eal coverage. Sherman et al. (1977) reported on the zooplankton communities
om monitoring cruises between summer 1972 and winter 1976. Their report
aracterizes zooplankton populations beyond the 180 m contour and in the
sinity of 106-Mile Site. Judkins et al. (1980) reported on a series of

ve cruises taken from September 1974 through September 1975 with stations
cated primarily in the waters off Southern New England. Grice and Hart

62) sampled on five cruises over a one-year period along a transect from
tauk, Long Island to Bermuda which included four stations across the

elf. Bigelow and Sears (1939) published a volumetric study of samples
1lected between 1929 and 1932 from Cape Hatteras, North Carolina to

rtha's Vineyard, Massachusetts. Recently, in a more process-oriented study,
sper and Stepian (1982) Tooked at the linkage between phytoplankton and
oplankton and the degree to which coupling between these two trophic Tevels
fects the residence time of water-borne pollutants in the apex of the New
rk Bight by incorporation of pollutants in body tissue and in the production

orophyll a and phaeophytin a concentrations, nutrients including

» NO3, Si03, NHy, and POy, zooplankton, ichthyoolankton, and hydrography.
efly, the overall goals of the MARMAP surveys are to conduct a broad-

le ongoing study of the northeast shelf ecosystem which provides a

rce of comprehensive data on the physical and biological parameters that
ect the abundance and variability of fish stocks. A detailed description
the goals of the MARMAP program is given in Sherman et al. (1980). Data
lected on MARMAP surveys have shown coherent patterns of abundance, species
1hance and areal distributions which when compared to previous studies
icate that the zooplankton component of the pelagic food web has remained
atively unchanged for the last 70 years (Sherman et al. 1982).

Lional Oceanic and Atmospheric Administration
tional Marine Fisheries Service

rtheast Fisheries Center

rragansett Laboratory

fragansett, Rhode Island 02882
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Hydrography

The distribution of planktonic organisms within the Southern New
England and Mid-Atlantic Bight areas, including the PAI, is dependent Upon
an assortment of hydrographic features which control the movement and
suitability of the pelagic marine environment. According to Ingham et g
(1982) spring warming initiates water column stratification which lasts
until mid-autumn, usually November, when seasonal mixing breaks down the
stratification. The water in a band beneath the thermocline between the
40 and 100 m isobaths is referred to as the "cold pool" and extends frop
the eastern edge of Georges Bank down to Cape Hatteras. Temperatures iy
the "cold pool" remain considerably lower than adjacent shelf waters.
Minimum temperatures average 2.1°C off Southern New England and 4.2°C off
New York. Warming proceeds slowly until the autumn advection occurs when
average maximum temperatures of 14.9°C and 12.3°C occur in Southern New
England and off New York, respectively. Previous studies (Bigelow 1933;
Ketchum and Corwin 1964) considered the cold pool to be remnant "winter
water." However, data collected by Colton et al. (1968), Limeburner et a]
(1978) and Whitcomb (1970) have shown that the feature can be traced along
the entire northeast shelf to Georges Bank and the Gulf of Maine. Bear&ﬂ%
et al. (1976) and Hopkins and Garfield (1979) have suggested that the ﬁ
source of cold pool water is from the Gulf of Maine and a net southwestward
flow at 1-3 cm/sec (Mayer et al. 1979) supplies water of the appropriate
temperature and salinity to maintain a relatively constant source of water
to Southern flew England and the Mid-Atlantic Bight. The geographical
Tocation of this band of cool water as specified by the 40 - 100 m isobath:
is approximately within the portion of the PAI on the continental shelf.

6.2 METHODS.

Plankton samples were collected between February 1977 and October 1%
on jointly conducted surveys with scientists and vessels from Poland, the
USSR, and the German Democratic Republic. Stations considered in this stu
were selected from a series of 31 cruises which covered the entire north
coast from Cape Hatteras to Nova Scotia in a network of approximately 18
stations per survey, averaging 35 km apart (Fig. 1). Coverage of the en
sample grid in some instances was not complete due to weather conditions
vessel breakdowns, etc. Surveys and sampling dates are givep in Taplel
Stations from the MARMAP areal coverage corresponding with fhe continent
shelf portion of the PAI and adjacent shallower shelf waters outside the
were selected for analysis. Those stations west of the 70th meridian
occurring at depths greater than or equal to 50 m were considered to be
Tocated within the PAI. Seasonal zooplankton abundance and species €OM
were compared between this and the adjacent shelf waters at less than 50
depth to assess the degree of difference and interaction between the P
the near-shore zone.

At each station zooplankton and ichthyoplankton were sampled using
bongo nets of 0.333 mm and 0.505 mm mesh. These were towed ob1liquely
through the water column from depths of a few meters off the bottom to d
maximum depth of 200 m. Ship speed was maintained at 1.5 to 3 knots
provide a 45° wire angle. Volume filtered was measured by a flowmeter
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unted in the mouth of each net, and depth of tow and tow profile recorded
h an attached bathykymograph. Samples were preserved in 4% buffered
rmalin for subsequent analysis ashore. An average of 28 samples were
ected per survey for zooplankton analysis from the Southern New England
d Mid-Atlantic Bight subareas. Sorting and identification of zooplankton
done at the Morski Institute Rybacki, Szczecin, Poland, under the
rection of Dr. Leonard Ejsymont. Abundances of zooplankton are expressed
. numbers or volume per 100 m3. Due to skewness in the data, medians are
.ed to indicate trends in total biomass and species abundance.

.3 RESULTS.

soplankton Standing Stock

~ Seasonal zooplankton displacement volumes for 1977 through 1981 for
outhern New England and the Mid-Atlantic Bight are shown in Fig. 2 for
offshore (>50 m) and onshore (<50 m) areas.

In Southern New England there appears to be a consistent increase in
ooplankton volume in the <50 m zone generally occurring from early summer
early autumn with abundance greater than 60 cc/100 m® at the yearly
aximum. The pattern for the development for the seasonal maximum in the
Al is more variable, in some cases occurring earlier than the inshore

k (1980 and 1981), at the same time (1977) and showing a biphasic

dmum in 1979. The cycles of maxima and minima appear to be independent
one another with a similar range of variability and magnitude. The
ference in mean zooplankton displacement volumes between the two areas
significant in 15 out of 33 seasonal comparisons (Table 2) but no
sistent pattern is evident. No sampling occurred in late spring of

8 in Southern New England, making the timing and magnitude of a suggested
shore peak in that year uncertain.

In the Mid-AtTantic Bight there is a consistent Tlate summer to early

umn peak in shallower water with a much less defined maximum in the

0 m offshore areas during the same period. With the exception of 1977,
u]ate winter minimum volumes were less than 20 cc/100 m3. The inshore
imum ranged from 60 to 80 cc/100 m3, offshore maxima were generally less

n 40 cc/100 m3. Significant differences were found between offshore and

| onshore areas by season in 17 out of 27 comparisons. In 14 of the 17 &
nificant comparisons the volume was greater at depths less than 50 m

ble 2) suggesting a tendency toward lower zooplankton abundance in the

. As in Southern New England, there was no sampling in late spring of

Hnant Species
The method of dominance analysis of Fager and McGowan (1963) was

@ to determine the patterns of abundance of zooplankton species. The
Mnance of a species is calculated by the formula:
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n
Dj = ;2_1 (dj'i > Z1/2)
where
Dj = dominance of species -j
n = number of stations sampled
dji = abundance of species j at station j

Zi = abundance of all zooplankton at station j
and

dji assumes a value of 1 when dji > 21/2

dji assumes a value of C when dji 5_21/2

A listing of those taxa that were dominant for both survey areas by
year and season is given in Table 3. O0f the 59 seasonal survey dominance
calculations, Copepoda were among the dominants in 92% (54) of the
comparisons. In 48 cases (89%) the three species Calanus finmarchicus,
Centropages typicus and Pseudocalanus minutus were among the dominant
copepods. Other taxonomic groups that are less frequently dominant include
Gammaridae, Balanidae, Sagittae, Coelenterata, Cladocera, Echinodermata,
Salpidae, Ciliata, Pteropoda, Decapoda and Brachyura.

Both the developmental and mature stages of copepods are an important
food source for planktonic larval and pelagic adult fishes and marine
mammals and birds. Taken together the three copepod species are responsible
for most of the secondary production that occurs on the entire continental
shelf.

A trend toward increasing variety of dominant species is evident in
a comparison of the variety of dominants (Table 3) between The Mid-Atlantic
Bight and Southern New England as shown by increases in the dominance of
Cladocera and other copepod species in the more southern waters of the
Mid-Atlantic Bight. In the warmer months, these taxa share dominance with
the major copepods, C. finmarchicus, P. minutus and C. typicus in Southern
New England and in some cases replace them as dominants for short periods
in the Mid-Atlantic Bight.

Seasonal Abundance of Dominant Species

The seasonal variation in total zooplankton standing stock will
typically reflect the yearly cycle of abundance of the dominant species.
Fig. 3 illustrates the seasonal abundances for the three dominant copepod
species C. finmarchicus, C. typicus and P. minutus in the offshore and

near-shore waters for the Southern New England and Mid-Atlantic Bight
sybareas.
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1anus_finmarchicus

c. finmarchicus (Fig. 3A) maximum abundance in the Southern New

g]aﬁd area occurs between early spring and late summer. The median

undance/100 m3 are higher in offshore waters of the PAI and with the

ception of early summer in 1981, the differences are significant at the

1 5 level (Table 4). The offshore maximum occurs in late spring with

edian abundance ranging from 17,000 to 85,000/100 m3. The near-shore

ak is less pronounced with median values ranging from 1,200 to 15,000/

00 m3 occurring over a wider span of time from late spring to late summer.
e near-shore yearly minima are generally less than 1,000/100 m3,

In the Mid-Atlantic Bight the seasonal distribution of C. finmarchicus
shows a similar offshore peak with maximum values as high as 40,000/100 m®

in late spring. The abundance rises rapidly from late winter to early

.oring and remains high until late summer. In contrast, in the inshore

aters, the seasonal maximum of C. finmarchicus is in late winter. By

te spring, C. finmarchicus is no Tonger found in the near-shore water of

the Mid-Atlantic Bight. In late winter, values of 100/100 m3 to 3,000/100 m3
are found in both the <50 m and >50 m water. In late autumn the abundance
both areas returns to approximately the same levels as Tate winter.

ntropages typicus

The seasonal abundance distribution for C. typicus is presented in

38. In Southern New England and the Mid-Atlantic Bight there appears

be little difference between the numbers of this species for both the

ar- and offshore areas of these two regions, nor are consistent differences
the timing of the yearly maximum evident. In Southern New England the
arly maximum is reached by early summer (10,000-50,000/100 m®). The
undance in early autumn appears to be more variable than in the summer
nths, but is of nearly the same ramge as in the late spring (Table 4).
contrast the peak in the Mid-Atlantic Bight occurs generally by late

yring (10,000-20,000/100 m3) and remains high until early autumn. Centropages
mbers are less variable in the Mid-Atlantic Bight than in Southern New
gland, with abundances remaining generally above 1,000/100 m3 during the
nual minima.

seudocalanus minutus

In contrast to C. finmarchicus which demonstrates a marked difference

n abundance between near- and offshore areas and C. typicus which occurs
enerally in numbers of at least 1,000/100 m3 throughout the year, P. minutus
Ppears to have wide synchronous seasonal fluctuations in both the offshore

nd onshore areas of the Mid-Atlantic Bight and Southern New England (Fig. 3C).
he yearly maximum occurs in spring (40,000 - 100,000/100 m3) followed by a
apid drop-off in summer to very low levels in autumn (Table 4). There

Ppears to be some evidence of recovery in late autumn in both areas,

specially in Southern New England, suggesting that the population may begin
increase again with cooling of the water column. As in the case of
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C. typicus there is considerable variation between years but consistent
trends are visible which suggest a predictable year-to-year cycle in the
abundance of this species also.

6.4 DISCUSSION.

The data presented here indicate that the offshore zone (>50 m)
corresponding to the PAI can be expected to have a standing stock of
zooplankton as high as inshore areas during the early part of the year
before maximum temperatures are reached in both Southern New England and
the Mid-Atlantic Bight. The offshore area has some tendency to reach its
maximum eariier in the year. The earlier peak may be due to the combined
number of the three species of copepods which dominate the plankton.

typicus is abundant across the shelf after late spring; however, the
two cooler water species, C. finmarchicus and P. minutus, are abundant
before summer temperatures are reached and more abundant in the offshore
water greater than 50 m. The near-shore peak late in the year is comprised
1arge1y of C. typicus in concert with other less abundant species associated
with warmer waters.

The species C. finmarchicus in the Mid-Atlantic Bight is restricted
to the zone corresponding with The PAI during the warm months of the year,
while P. minutus decreases to low levels across the entire shelf after the
spring. Therefore, C. finmarchicus has the most disparate distribution
between PAI and the adjacent inshore zone. It is associated with cool
temperatures and occurs in deeper cooler waters during warm months off the
northeast coast (Sherman et al. 1980; Marshall and Orr 1956). C. finmarchicus
is a large copepod species and can be considered a major link between
phytoplankton production and the pelagic and larval fish species, serving
as a food organism for mackerel and herring, the developmental stages for
Tarval fishes (J. Kane and R. Maurer pers. communication; Bigelow and Schroeder
1953). Although never abundant near-shore, the sustained
abundance Tevel offshore is evidence that C. finmarchicus is able to maintain
itself within the cold pool during the summer months after a thermocline has
formed. After the fall turnover this species appears to repopulate the
shallow zone. It is likely that the population within the cold pool recruits
from the northeast due to the net drift described by Ingham et al. (1982).

This is supported by the greater abundance of C. finmarchicus to the
northeast in Southern New England in both the near-shore and offshore waters.
It appears that the PAI off the Mid-Atlantic Bight represents the southern
1imit of C. finmarchicus. The cooling temperatures at the autumn turnover
allow dispersal towards shallow waters.

Comparisons of near-shore (<50 m depth) and offshore (>50 m) waters
within the PAI have demonstrated that the timing of yearly zooplankton
abundance increases and minima are different in the PAI from the near-shore
areas. While both the shallow and deeper water zones respond to seasonal
warming of the water co?umn, the magnitude and timing of the yearly peak
reflects the difference in the zooplankton community composition. The cycles
of abundance of the dominant copepod species suggest that the differences in
timing of the three species interact to produce the periodic changes in to
abundance indicated by maxima and minima in the plots of zooplankton standing 5

6-6



o

38

kijometers

70"
Mid-
Atlantic
Bight:
36
72"

MARMAP plankton sampling stations off northeastern United States.

nd potential impact area in Southern New England and the Mid-Atlantic
Indicated. Area of coverage for analysis in this report includes all
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Figure 2. Seasonay median displacement volume in cc/100 m3 for Southern
New England and the Mid-Atlantic Bight in <50 m and >50 m depth areas.
Seasonal surveys with fewer than five observations have not been plotted.




L

-

977 SOUTHERN NEW ENGLAND

100

0 |
LWESp LSp ESu L Su

< 50 m depth e
> 50 m depth A

EA LA EW

MID-ATLANTIC BIGHT

-

\3;{;@21

.

Ly

100

80 -

60

L

S

40 |

LWESp LSp ESu LSu EA LA EW




1978

100

SOUTHERN NEW ENGLAND

60 |-

40 |

LW ESp LSpESu LSu EA LA EW

< 50 m depth ®

> 50 m depth A
MID-ATLANTIC BIGHT

100
80 -

Displacement Vol / 100 m3

20 L / v

0 A 1 1 | 1 | |
LW ESp LSp ESu LSu EA LA EW

6-10




.

L

o

SOUTHERN NEW ENGLAND

LW ESp LSp ESu LSu EA LA EW
< 50m depth @
2 50m depth &
MID-ATLANTIC BIGHT
100

- - .
-

60 |- i,

40

n
O
I

.

A

e

®
+/

LW ESp LSp ESu LSu EA LA EW

.

6-11




1980 "SOUTHERN NEW ENGLAND
100

60

40r—

20 |-

100 m3

0 1 4 1 | 1 { | |

LW ESp LSpESu LSu EA LA EW

< 50 m depth @
>50m depth &

MID-ATLANTIC BIGHT
00

80 -

Displacement /

60 -

40 |-

| |
LW ESp LSp ESu LSu EA LA EW

6-12




1981 SOUTHERN NEW ENGLAND

- 60 |-

40 |

S
L

0 1 | | | | | | 1

LWESp LSp ESuLSu EA LA EW
<50 m depth @
>50 m depth A

MID~-ATLANTIC BIGHT
100

LWESp LSp ES LSu EA LA EW

6-13

o

.
|

.

|




Figure 3A. Seasonal abundance in #/100 m3 of Calanus finmarchicus by season
for Southern New England and the Mid-Atlantic Bight for <50 m and >50 m depths
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Figure 3C. Seasonal abundance in #/100 m3 of Pseudocalanus minutus by
season for Southern New England and the Mid-Atlantic Bight for <50 m and

>50 m depths.
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Table 1. Listing of surveys, dates, cruises and numbers of stations in the
Southern New England and Mid-Atlantic Bight areas falling within potentially
influenced areas of DWD 106 and adjacent waters, 1977 - 1981.

SEASON DATE VESSEL CRUISE NO. STATIONS
LATE WINTER 3 MAR- 7 APR GORLITZ 77-01 12
13 FEB-24 FEB MOUNT MITCHELL 77-01 10
EARLY SPRING 13 APR-27 APR ALBATROSS 1V 77-02 3
9 MAR- 7 APR DELAWARE 11 77-03 11
LATE SPRING 4 MAY-24 MAY DELAWARE II 77-05 72
22 MAY- 6 JUN NOGLIKI 77-02 3
LATE SUMMER 19 AUG-29 AUG YUBILEINLY 77-02 60
EARLY AUTUMN 19 0CT-29 OCT ARGUS 77-01 30
LATE AUTUMN 2 DEC- 9 DEC KELEZ 77-11 14
LATE WINTER 16 FEB-14 MAR DELAWARE 1T 78-02 52
19 APR-12 MAY ARGUS 78-04 52
EARLY SUMMER 24 JUN-12 JUL ALBATROSS 1V 78-07 56
LATE SUMMER 12 AUG- 3 SEP BELOGORSK 78-01 56
EARLY AUTUMN 19 0CT-27 OCT BELOGORSK 78-03 40
16 NOV ANTON DOHRN 78-03 1
14 O0CT- 1 Nov WIECZNO 78-04 6
LATE AUTUMN 16 NOV-29 OCT BELOGORSK 78-04 8
LATE WINTER 23 FEB- 4 MAR DELAWARE 11 79-03 82
EARLY SPRING 13 APR-14 APR DELAWARE TI 79-04 22
LATE SPRING 17 JUN- 8 JUL ALBATROSS 1V 79-06 49
&6 MAY-18 MAY DELAWARE 1I 79-05 55
EARLY SUMMER 17 Jul- 8 JUL ALBATROSS 1V 79-06 37
LATE SUMMER 12 AUG-22 AUG BELOGORSK 79-01 76
EARLY AUTUMN 4 0OCT-18 OCT ALBATROSS 1V 79-11 63
LATE AUTUMN 12 DEC-19 DEC ALBATROSS 1V 79-13 17
13 NOV-21 NOV WIECZNO 79-03 1
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YEAR SEASON DATE VESSEL CRUISE
1980 LATE WINTER 29 FEB-19 MAR ALBATROSS IV 80-02
18 FEB-11 MAR WIECZNO 80-02 17
EARLY SPRING 7 APR-27 APR EVRIKA 80-01 83
LATE SPRING 24 MAY- 6 JUN DELAWARE 11 80-03 84
EARLY SUMMER 14 JUL-11 AUG EVRIKA 80-06 46
LATE SUMMER 14 JUL-11 AUG EVRIKA 80-06 31
EARLY AUTUMN 27 SEP- 9 OCT ALBATROSS TV 80-10 81
LATE AUTUMN 20 NOV- 7 DEC ALBATROSS IV 80-12
1981 LATE WINTER 17 FEB-26 MAR ALBATROSS 1V
EARLY SPRING 6 JAN-16 JAN DELAWARE 11
LATE SPRING I:17 MAR- 3 APR DELAWARE 11
II: 6 APR-17 APR
I11:20 APR-29 APR
IV: 5 MAY-14 MAY
EARLY SUMMER
[:27 JUN- 2 JUL DELAWARE II
IT: 7 JUL-24 JuL
LATE SUMMER I: 3 AUG-21 AUG DELAWARE II
IT:24 AUG-11 SEP
EARLY AUTUMN
1:15 SEP- 2 OCT DELAWARE 11
II: 5 0CT-16 OCT
I11:19 0OCT-30 OCT
IV: 2 NOV-13 NOV
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Early winter

1977 1978 1979
<50m >50m <50m >50m <50m >50m
N Median N Median p N Median N =~ Median p N Median N ~ Median p
Southern MNew England
Late winter 7 49.30 12 23.10 0.0068* 19 6.10 17 5.70 0.8991 19 16.50 15 8.30 0.0587
Early spring 7 36.60 9  44.50 0.9578 12 21.10 19 59.50 0.0231* 10 41.20 11 35.70 0.8880
Late spring 37 37.40 23 51,30 0.2510 16 35.40 10 58.65 0.0398*
Early summer 17 31.10 17 72.10 0.0084* 16 36.95 18 56.15 0.3170 17 31.20 20 35.70 0.9757
Late summer 50 65.20 37 96.00 0.0142* 15 61.20 17 40.60 0.0032* 14 70.65 15 59.00 0.2752
Early autumn 16 57.30 30 71.70 0.9816 19  60.80 18 23.85 0.0007* 10 54.55 12 27.85 0.0147*
Late autumn 12 24.10 17 18.10 0.0317* 5 29.50 4 23.75 0.6242 9 25.50 15  13.60 0.1011
Early winter 7 16.20 10 19.30 0.5582
Mid-Atlantic Bight
Late winter 34 11.30 11 4.00 0.0462% 37 13.60 11 4.90 0.0111*
Early spring 33 18.10 17 38.90 0.0715 32 14.25 13 35.00 0.0027* 18.85
Late spring 64  34.00 26 49.10 0.0491*
Early sunmer 36 47.20 19 39.70 0.5592 33 50.00 13 35.00 0.0328* 35  31.00 14 22.75 0.0277*
Late summer 71 36.60 34  28.50 0.9863 33 61.50 15 41.30 0.0327* 33 62.20 14 39.50 0.0041%
Early autumn 28 64.30 16 37.00 0.0570* 14 57.95 5 10.10 0.0012* 21 53.20 7 25.60 0.0013*
Late autumn 30 39.15 12 21.10 0.0017*
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1980 1981
<50m >50m <50m >50m
N Median N Median N Median N Median
Southern New England .
Late winter 23 14.80 27 5.70 .0158* 17 12.40 19 11.70 .8616
Early spring 16 21.90 19 32.00 .1012 16 21.65 21 25.00 .8903
Late spring 17 44.20 18 65.40 .0294~ 14 36.90 17 52.00 .3613
Early sumnmer 16 70.45 16 41.35. .0317* 5 49.90 10 44.50 .3913
Late summer 19  40.00 17 29.20 .0410* 14 69.80 16 60.00 .4296
Early autumn 18 38.05 18 12.40 .0001* 15 86.40 16 15.40 .0017*
Mid-Atlantic Bight
Late winter 37 8.70 11 5.20 .816 20 5.90 6 19.80 .019%
Early spring 33 27.60 15  31.80 .6971 28  13.70 14 14.90 .7488
Late spring 36 17.40 12 33.50 .0116* 15 45.60 5 43.50 .5705
Early summer 32 41.45 13 39.50 .2929 12 54.75 4 43.35 . 1456
Late summer 33 79.20 12 34.20 .0001* 31  40.20 10 43.20 L4756
Early autumn 31 61.60 9 24.50 .0021* 27 78.60 16 22.85 .0001*




MEAN PERCENT PERCENT
TAXONOMIC NAME RANK DOM DOM OCCUR 0CCUR MEDIAN
SNE - 1977 - Late Winter - No. Sta. 14
Pseudocalanus minutus 1.3571 8 57.1429 14 100.000 11787.2
Centropages typicus 7.8571 4 28.5714 12 85.714 2211.0
Gammaridae 18.8214 1 7.1429 9 64.286 89.7
SNE - 1977 - Early Spring - No. Sta. 28 \

Pseudocalanus minutus 1.3214 17 60.7143 28 100.000 29830.2
o Calanus finmarchicus 5.8036 3 10.7143 26 92.857 1997.4
53 Centropages typicus 8.6071 2 7.1429 23 82.143 4230.6
Balanidae 29.2321 1 3.5714 4 14.286 0.0

"SNE - 1977 - Early Summer - No. Sta. 28
Pseudocalanus minutus 1.50000 13 46.4286 28 100.000 45472.9
Calanus finmarchicus 3.39286 7 25.0000 27 96.429 20860.9

SNE - 1977 - Late Summer - No. Sta. 28
Pseudocalanus minutus 1.6786 5 17.8571 28 100.000 96917.9
Calanus finmarchicus 2.9286 10 35.7143 28 100.000 67850.9
Temora longicornis 17.0000 2 7.1429 15 53.571 127.6

SNE -~ 1977 - Early Autumn - No. Sta. 37
Centropages typicus 4.,9865 7 18.9189 35 94.5946 18560.1
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SNE

Calanus finmarchicus

Acartia tonsa

- 1977 - Early Winter - No. Sta. 19

SNE

Centropages typicus

- 1978 - Late Winter - No. Sta. 30

SNE

Pseudocalanus minutus

Calanus finmarchicus

Sagitta elegans

- 1978 - Early Spring - No. Sta. 30

SNE

Pseudocalanus minutus

Calanus finmarchicus

Balanidae

- 1978 - Early Summer - No. Sta. 34

10

22.

21.

SNE

Pseudocalanus minutus

Calanus finmarchicus

Temora longicornis

- 1978 - Late Summer - No. Sta. 31

Centropages typicus

Calanus finmarchicus

Evadne sp.

Penilia avirostris

2.
10.
20.

12

36.

.6486
.6081

.05263

.1167

.9833

.0167
.0667

6167

3235
2500
3529

.2258
.4355
.7097

8065

13

23

10

10

68.

76.

16.
33.

14.
11.

11

32.

.5135

.7027

4211

6667

.6667
.33333

6667
3333

.3333

7059
7647

.7647

2581

.4516
.2258
.4516

34

16

19

29
23

30
29

34
29
23

31
30
27
10

91.
43.

100

96

76.

33

100

96.
26.

100.
85.
67.

100

96.
87.
32.

8919

2432

.6667

6667

.3333

.000

667
667

000
294
647

.000

774
097
258

16222.

32307.

14965.
291.

26336.
17433.

20087.
14266.
2154,

45441.
12861.
1440.
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Penilia avirostris 63.5294

SNE - 1978 - Late Autumn - No. Sta. 10

Centropages typicus 1

SNE - 1979 ~ Late Winter - No. Sta. 40

Pseudocalanus minutus 3.2125
Centropages typicus 6.4000
Balanidae 42.6000
Gammarus annulatus 61.0000

SNE - 1979 - Early Spring - No. Sta. 24

Pseudocalanus minutus 2.9792
Temora longicornis 17.8333
Oikopleura spp. 27.3958
Balanidae 29.5208
Gammaridea 48.1042

SNE - 1979 - Late Spring - No. Sta. 27

Temora longicornis 12.4630

Brachyura 25.7407

SNE - 1979 - Early Summer - No. Sta. 44

Centropages typicus 65.4659

19

9608
1.9608

70

47.5
10.0
2.5

2.5

20.8333
4.1667
4.1667
4.1667
4.1667

7.40741.
3.70370

11.3636

10

39
38
15

24
20
14
14

24
18

4z

.
13.725

100

97.5
95.0
37.5

2.5

100.000
83.333
58.333
58.333
20.833

88.8889
66.6667

95.4545

0.0

43046

13106.3
1873.3
0.0

0.0

20254.0
537.8
616.4

83.9
0.0

2051.28
352.94

14885.4
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Calanus finmarchicus

Evadne nordmanni

Clausocalanus spp.

Gammaridea

Scyphozoa

SNE - 1979 - Late Summer - No. Sta. 36

Centropages typicus

Calanus finmarchicus

Pseudocalanus minutus

Doliolidae

Penilia avirostris

SNE - 1979 - Early Autumn - No. Sta. 27

Centropages typicus

Penilia avirostris

Acartia sp.
Acartia spp
Echinodermata

SNE - 1979 - Late Autumn - No. Sta. 31

Centropages typicus

SNE - 1980 - Late Winter - No. Sta. 64

Centropages typicus

14.

41

70.
72.
77.

12
30
32

40.

11.
34.
37.
43.
49.

6250 1
.2159 5
5909 1
7955 1
4205 1
.7500 5
.0556 2
9722 1
.0000 6
9167 4
3889 5
9444 2
5000 1
0556 2
9444 2
.06452 18

11.

13.

16.

11.

18.

58.

L2727 38 86.3636 2622.7
3636 22 50.0000 40.3
.2727 5 11.3636 0.0
.2727 4 9.0909 0.0
.2727 7 15.9091 0.0
8889 36 100.000 37021.3
.5556 32 88.889 9178.7
7778 24 66.667 560.8
6667 22 61.111 1874.7
1111 18 50.000 70.3
5185 24 88.8889 19549.9
L4074 16 59.2593 306.9
.7037 15 55.5556 87.1
.4074 12 44.4444 0.0
.4074 10 37.0370 0.0
0645 31 100 44739.1
63 98.4375 4542.25
62 96..8750 8713.35




38.9219

Appendicularia(Larvacea) 46.4063
Foraminifera 54.8984

SNE-- 1980 - Early Spring - No. Sta. 43

Pseudocalanus minutus 2.9419
Calanus finmarchicus 12.1628
| Appendicularia (Larvacea) 14.8721
Balanidae 28.1395
o SNE - 1980 - Late Spring - No. Sta. 43
éﬂ Pseudocalanus minutus 4.7093
Calanus finmarchicus 8.7093
Temora longicornis 26.5814
Calanus spp. 62.2093

SNE - 1980 - Early Summer - No. Sta. 50

Centropages typicus 2.3875
Calanus finmarchicus 6.9375
Centropages hamatus 20.5875
Evadne nordmanni 47.475

SNE - 1980 - Late Summer - No. Sta. 43

Penilia avirostris 42.6279

10

4.6875
1.5625
1.5625

4.6512
16.2791
9.3023
4.6512

9.3023
23.2558
4.6512

2.3256

20.0
5.0
2.5
2.5

20.9302

22
15

43
37
35
26

42
40
29

40
39
33
14

50.0000
34.3750
23.4375

100.000
86.047
81.395
60.465

97.6744
93.0233
67.4419

9.3023

100.0
97.5
82.5

35

60.4651

0.00

0.00

23938.6
9846.2
2830.8

621.5

21125.3
9380.3
1907.7

0.0

22578.4
11454.5

806.7
0.0

424 .552
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Echinodermata

Acartia sp.

Foraminifera

Thaliacea (Salpa)

Noemysis americana

SNE - 1980 - Early Autumn - No. Sta. 44

Centropages typicus

Acartia sp.

Foraminifera

SNE - 1981 ~ Late Winter - No. Sta. 43

Pseudocalanus minutus

Calanus finmarchicus

Balanidae

Fritillaria sp.

SNE - 1981 - Early Spring - No. Sta. 43

Pseudocalanus minutus

Calanus finmarchicus

Appendicularia (Larvacea)

Balanidae

SNE - 1981 - Early Summer - No. Sta. 35

Calanus finmarchicus

3

Ctenophora

GRL - Aate S

53.

53
60
62
85

44.
64.

35.
54.

12.
28.

6.0286

2791

.8140
4419
.9302
.9884

.8750

3068
9318

.6744
.0465

1047
3023

.6395
.7791

6512
6860

59.5143

20

13

11

45

30.
20.

25.

11

.3256
.3256
. 3256
.3256
. 3256

.4545
.2727
.5455

2326
9302

. 3256
. 3256

5814

. 3256
.6279
.9767

.85714

21
21

16

44
25
12

42
41
22

43
38
35
24

34

48.
48.
37.
37.

100.

56

27.

97
95

51.
13.

100.

8372
8372
2093
2093

.3023

000

.818

273

.6744
. 3488

1628
9535

000

88.372

81.

395

55.814

97.1429

25.

7143

0.

40713.
56.

9042.
1806.
19.

55969.
6023.
8711.

84.

.000
.000
.000
.000

000

88
08
20

.00

13920.6

0.0
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Centropages hamatus

Calanus spp.
Calanus sp.

SNE - 1981 - Early Autumn - No. Sta. 30

Penilia avirostris

Acartia spp

Doliolidae

SNE - 1981 - Late Autumn - No. Sta. 37

Centropages typicus

Penilia avirostris

Acartia sp.
Doliolidae

MAB - 1977 - Late Summer - No. Sta. 30

Centropages typicus

Pseudocalanus minutus

Temora longicornis

Centropages hamatus

Decapoda-arthropoda
Hydrozoa

Ovalipes ocellatus

21.3636
65.7879
67.9697

28.3500
41.1167
46.4167

7.9595
49.1892
50.3243
68.4459

5.0667
7.2000
7.5500
13.3167
31.3000
33.5167

44,6667

3.0303
6.0606
3.0303

3.33333
3.33333
6.66667

5.40541
5.40541
2.70270
5.40541

6.6667
10.0000
10.0000

3.3333

3.3333

6.6667

3.3333

20
14
11

35
16
17

97.1429

78.788
9.091
6.061

66.6667
46.6667
36.66667

94.5946
43.2432
45.9459
16.2162

96.6667
90.0000
90.0000
80.0000
36.6667
30.0000

3.3333

13920.6

1207.3

0.0
0.0

3029.42
0.00
0.00

9403.33
0.00
0.00

0.00

9171.8
13763.3
9729.8
2190.2
0.0
0.0

0.0
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MAB - 1977 - Early Autumn - No. Sta. 30

Penilia avirostris

MAB - 1977 - Late Autumn - No. Sta. 30

Centropages typicus

Calanus minor

MAB - 1978 - Late Winter - No. Sta. 29

Pseudocalanus minutus

Centropages typicus

MAB - 1978 - Early Spring - No. Sta. 28

Pseudocalanus minutus

Centropages typicus

Calanus finmarchicus

Oikopleura spp.
MAB - 1978 - Early Summer - No. Sta. 29

Centropages typicus

Penilia avirostris

MAB - 1978 - Late Summer - No. Sta. 31

Penilia avirostris

MAB - 1978 - Early Autumn - No. Sta. 16

Centropages typicus

Penilia avirostris

Acartia spp

26.

44.

14.

33.

.46667

. 76667
.83333

.48276
.31034

.5000
.8214
.2143

0714

.0172

1207

.09677

.2188

1563

9063

13

16

19

15

25

43.

55.
13.

67.

51.

80.

3333

.66667
.33333

1724
7931

8571

.5714
.5714
.5714

7241

.4483

6452

28

29
29

29
29

28

28
26

28

10

31

16
13

93

96
96

100
100

100

100.

92

17.

96
34

100

100.
81.

37.

.3333

.6667
.6667

.000
000
.857
857

.5517
.4828

00
25

50

75107.8

6876.62
5893.43

15881.6
4548.0

35229.4

8666.5
1002.6

43200

263653

36230.2
45076.9
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Penilia avirostris

Spiratella retroversa

Foraminifera

MAB - 1979 - Late Spring - No. Sta. 30

Temora longicornis

Brachyura

Evadne nordmanni

MAB - 1979 - Early Summer - No. Sta. 49

Centropages typicus

Temora longicornis

Evadne nordmanni

Evadne sp.

Acartia clausi

MAB - 1979 - Late Summer - No. Sta. 47

Penilia avirostris

Doliolidae

MAB - 1979 - Early Autumn - No. Sta. 31

Penilia avirostris

Acartia spp
Acartia sp.

Fchinodermata

14.1000

90

43.2604
46.6250

4.9500
16.8500
28.5833

2.7551
13.8163
54.4490
67.4694
84.4592

2.8191
38.5213

22.2258
45.5806
47.2097

63.7903

11

29

11

2.0833
2.0833

13.3333
13.3333
3.3333

22.4490
10.2041
6.1224
2.0408
2.0408

61.7021
4.2553

35.4839
9.6774
6.4516
3.2258

14
13

29
22
14

49
44
20
13

46
24

23
15
15

29.167
27.083

96.6667
73.3333
46.6667

100.000
89.796
40.816
26.531

4.082

97.8723
51.0638

74.1935
48.3871
48.3871
22.5806

0.0

0.0

11306.5
3583.9
0.0

31907.8
3355.1
0.0

0.0

0.0

132122
322

59251.3
0.0
0.0
0.0



MAB - 1980 - Late Winter - No. Sta. 50

Centropages typicus

Pseudocalanus minutus

MAB - 1980 - Early Spring - No. Sta. 47

Centropages typicus

Pseudocalanus minutus

Centropages hamatus

MAB - 1980 - Late Spring - No. Sta. 48

Centrapages typicus

Pseudocalanus minutus

Brachyura

Calanus finmarchicus

9¢-9

Evadne nordmanni

MAB - 1980 - Early Summer - No. Sta. 45

Centropages typicus

Penilia avirostris

Temora longicornis

Thaliacea (salpa)

Calanus finmarchicus

Doliolidae

MAB - 1980 ~-:Late Summer - No. Sta. 45

Penilia avirostris

23.

17

38.

49

11

17.
28.
43.
50.
68.

.70
71

4468
.0745

2340

. 3646
.5729
.9688

4688

.8438

.6444

9778
0111
7000
2556
0000

19

10

17

38

21.

14.

37

2766

1277
L1277

5833

.1667
. 1667
.1667

.2500

.8889
7778
.2222
.6667
L4444
L4444

50
49

46
44
37

48
47
40
24
17

41
37
33
24
21
10

100
98

97

93.
78.

100.
97.
83.
50.
35.

91.
82.
73.

53

46.
22.

100.000

.8723

6170
7234

000
917
333
000
417

1111
2222
3333

.3333

6667
2222

12829.3
2095.4

31600.0
16065.3
1080.0

10191.4
6049.3
2026.3

14487.2
40332.5
2112.8
253.2

44685.4



MAB - 1980 - late Summer - No. Sta. 45

MAB - 1981 - Late Winter - No. Sta. 26
Pseudocalanus minutus 2.40385 9 34.6154 26 100 8686.08

Centropages typicus 2.65385 1 3.8462 26 100 4772.90

MAB - 1981 - Early Spring - No. Sta. 43

Pseudocalanus minutus 4.1977 11 25.5814 42 97.6744 31204.6
Temora longicornis 17.7326 1 2.3256 35 81.3953 1689.1
Appendicularia (Larvacea) 29.1628 3 6.9767 26 60.4651 283.9
Centropages hamatus 32.9419 1 2.3256 25 58.1395 148.5
o MAB - 1981 - Early Summer - No. Sta. 20
< Centropages typicus 4,475 3 15 19 95 15173.1
Temora longicornis 7.350 3 15 19 95 7014.8

MAB - 1981 - Late Summer - No. Sta. 16

Centropages typicus 2.0625 6 37.50 16 100.0 28757.5
Coelenterata onideria 25.8750 1 6.25 10 62.5 206.4
Calanus spp. 47.0000 1 6.25 2 12.5 0.0

MAB - 1981 - Early Autumn -~ No. Sta. 41

Penilia avirostris 12.4634 13 31.7073 36 87.8049 77846.2
Siphonophora 40.7195 1 2.4390 19 46.3415 0.0
Acartia spp 47.3415 1 2.4390 , 16 39.0244 0.0

Evadne nordmanni 54.1585 1 2.4390 11 26.8293 0.0
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MAB - 1981 - Late Autumn - No. Sta. 43

Echinodermata
Acartia sp.
Acartia spp

Acartia clausi

28.7907
70.2558
72.0349
97.6163

11

25.5814
2.3256
6.9767
2.3256

33

76.7442
34.8837
30.2326

2.3256

2496.16
0.00
0.00
0.00
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1977 1978 1979 1980 1981
<50m >50m <50m >50m <50m >50m <50m >50m <50m >50m
N Median N “Median [ N Median N “Median P N Median N “Median p N Median N Median p N Median N Median P
Southern New England

Caltanus finmarchicus
Late winter 9 115.0 13 807.0 0.3329 15 35.0 8 404.5  0.0185% 19 569.0 5 1091.0  0.0138* 22 296.5 29 1293.0  0.0012* 17 976.0 19 6753.0  0.0001*
Early spring 7 3508.0 7 22371.0 0.0181% 10 5465.5 10 8426.5 0.2568 17 959.0 19 27478.0  0.0005* 16 1151.5 21 9274.0  0.0003*
Late spring 22 15415.5 24 85138.5 0.0034» 12 884.5 12 35205.0 0.0032+ 15 1872.0 10 17542.5 0.0005* 18 3502.0 18 42981.0 0.0247* 14 658.0 16 42869.5 0.0002*
€arly summer 16 2590.0 11 34100.0 0.0019% 17 563.0 20 13120.0 0.0182* 14 1203.5 14 18663.5 0.0981
Late sunmer 13 631.0 17 18823.0 0.0001x 14 5745.5 11 18097.0 0.0186+ 14 1364.0 15 25713.0 0.0001* 16 3488.0 16 18986.0 0.0348* 14 2361.5 16 18149.5 0.0012*
Early autumn 21 1097.0 11 960.0  0.8583 10 63.5 12 3591.5  0.0030* 19 0.0 17 2366.0  0.0002* 15 615.0° 16 1883.5 . 0.0604
Late autumn 7 0.0 7 289.0 0.1797 5 129.0 3 1468.0  0.0253« 9 557.0 15 423.0  0.9287 18 284.5 18 61.5 0.3843
farly winter

Centropages typicus
Late winter 9 9783.0 13 7652.0  0.9202 15 615.0 8 705.0 0.5613 19 6813.0 15 640.0  0.0098* 22 16108.0 29 3590.0  0.0149* 17 4015.0 19 923.0  0.0074*
Early spring 7 1659.0 7 1113.0  0.522% 10 1333.0 10 5052.0 0.2568 17 4373.0 19 3130.0 0.7634 16 984.5 21 1197.0  0.5197
Late spring 22 562.0 24 959.5  0.5527 12 625.0 12 186.0  0.1489 15 10634.0 10 19369.5 0.6572 18 24486.0 18 4101.0  0.0033* 14 618.5 16 8754.5  0.0159*
£arly summer 16 16733.0 11 16388.0 0.5537 17 26855.0 20 7455.5  0.0161* 14 50279.0 14 17871.0 0.0101*
Late surmer 13 50409.0 17  8622.0 0.2954 14 649290 11 14731.0 0.0018% 14 599410 15 gl15,0 0.0000% 16 34033.0 16 26067.0 0.2744 14 355515 16 23670.0  0.0739
Early autumn 21 120046.0 11 40656.0 0.0203 10 9924.5 12 119835 0.947% 19 15893.0 U7 1494.0  0.0003* 15 9403.0 16 4063.0 0.1727
Late autumn 7 51446.0 7 32307.0 0.3379 5 56882.0 3 42261.0 0. 2967 9 53329.0 15 35892.0 0.5312 18 182282.0 18 23591.0  0.0001
Early winter

Pscudocalanus minutus
Late winter 9 16056.0 13 11590.0 0.9202 15 17744.0 8 8794.5 0.1376 19 24451.0 5 11008.0  0.0042% 22 17399.0 29 5713.0  0.0043* 17 31529.0 19 6552.0  0.0025%
Early spring 7 52965.0 7 38351.0 0.4822 10 59886.5 10 21782.5 0.1509 17 53762.0 19 15317.0 0.0276* 16 88839.5 21 55969.0 0.0754
Late sgring 22 92443.0 24 83749.5 0.4748 12 24238.0 12 28818.0 0.9081 15 55058.0 10 19086.0  0.0305* 18 122413.0 18 19336.0 0.0104* 14 3883.0 16 15769.0 0.4543
Early sunmer 16 45018.0 11 19120.0 0.2776 17 5043.0 20 1611.0 0.0771 14 9584.0 14 3571.5  0.3581
Late summer 13 5667.0 17 3192.0  0.9833 14 3458.0 11 1780.0  0.2503 14 261.5 15 389.0 0.8614 it 7387.0 16 380.0 0.0002* 14 3687.5 16 1450.5 0.0614
Early autumn 21 4164.0 11 384.0 0.0083* 10 59.5 12 103.0 0.8951 19 0.0 17 0.0 0.3835 15 407.0 16 116.5  0.0243*
Late autumn 7 4512.0 7 13872.0 0.3379 5 11510.0 3 1468.0  0.1011 9 871.0 15 303.0 0.0253* 18 1421.0 18 41.0  0.0314*
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CONCLUSIONS.
CONCLUSIONS

1) Three species of copepods dominante the zooplankton community,
nus finmarchicus, Centropages typicus and Pseudocalanus minutus.

e is an increase in the diversity of dominant zooplankton species in
more southern waters of the Mid-Atlantic Bight in comparison to

chern New England.

- 2) C. finmarchicus is more abundant in the PAI than in the shallower
in Southern New England and is restricted to the region of the PAI

he warm months in the Mid-Atlantic Bight. P. minutus exhibit a similar
erence for offshore waters but i3: not as restricted areally while
rypicus remain abundant throughout the warm months in both offshore and

3) The timing of nearshore and PAI standing stock maxima are not
ronous but of approximately the same magnitude indicating a difference
the communities which is reflected in the patterns of abundance of the
ant species.

4) The developmental and adult stages of the copepod species C.
marchicus, C. typicus and P. minutus are major food organisms for
ic species such as mackerel and herring and for larval and juvenile
jes of other pelagic and demersal fish species of commercial importance.
istribution of all three zooplankters is inclusive of, or restricted
e potential area of influence of 106-Mile Site. Pollutants assimilated
rimary producers which provide forage for zooplankton can therefore
the pelagic and demersal food web which are ultimately harvested
n.
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7.1

CHAPTER 7. FISH EGGS AND LARVAE
W. Smith, W. Morse, A. Wells, and D. McMillanl

INTRODUCTION.

Studies of fish eggs and larvae have been an integral part of
oceanographic research in continental shelf waters off northeastern
United States since the turn of the century (Colton 1963).

Although a wide range of study designs have contributed to the
current status of knowledge of the early life history of coastal
fishes, surveys of varying scope and intensity have provided the
principal source of information on spawning cycles and the seasonal
distribution patterns of fish eggs and larvae. Noteworthy
contributions from some of these surveys include: Bigelow and
Welsh (1925); Fish (1982); Walford (1938); Perlmutter (1939); Sette
(1943); Colton and Temple (1961); Marak and Colton (1961); Norcross
et al. (1961); Marak et al. (1962a, b); Boyar et al. (1973); Colton
and St. Onge (1974); Fahay (1974); Kendall and Reintjes (1975);
Smith et al. (1975); Berrien (1978); Berrien et al. (1978); Kendall
and Walford (1979) and Lough et al. (1981).

Some of the above are based on short term, geographically
restricted field programs that targeted a single species for
investigation; others are more extensive in coverage and grandiose
in their objectives. But only the pioneer study of Bigelow and
Welsh (1925) continued on a year-round basis for more than two
years. It was not until the mid-1970's, when the Northeast
Fisheries Center initiated a broadscale fishery ecosystems study of
shelf waters off northeastern United States that a temporally
uninterrupted and areally exhaustive survey of fish eggs and larvae

1 Marine Fisheries Service
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Contribution No. MED/NEFC 83-13

New Jersey 07732



7.2

was put in place. This program, known as MARMAP (Marine Resources
Monitoring, Assessment and Prediction), is a highly interactive
research endeavor designed to measure variability in biological and
environmental components of the shelf ecosystem while maintaining a
constant check on the condition, status and rates of change in
population Tevels of marine fish stocks off our northeast coast.

The MARMAP program represents the most complete ongoing study of
its kind anywhere in the world and offers promising prospects for
understanding the driving mechanisms in marine ecosystems (Sherman
1980). Survey measurements include: primary production (14C),
chlorophy1l a, phaeophytin, nutrients (NO,, NO5, SiOj, NHgq and
P04), zooplankton, ichthyoplankton, fish, benthos, observations on
sea birds and marine mammals, water column temperature, salinity
and circulation.

MARMAP surveys of fish eggs and larvae in that part of the Middle
Atlantic Bight potentially influenced by dumping at the 106-mile
site form the basis of this report. Information on the occurrence
of fish larvae in adjacent slope waters that fall within the sphere
of potential influence from dumping at the 106-mile site is
compiled from Austin (1975); Sherman et al. (1977); McKenney (1982)
and unpublished data from a MARMAP operational test phase survey by
RV DELAWARE II in the summer of 1972,

METHODS .

The MARMAP survey area includes shelf and slope water from Cape
Hatteras, North Carolina to Cape Sable, Nova Scotia, an area of
some 260,000 km?. Sampling stations are spaced at 8 to 18-km
intervals along five transects within the survey area. Otherwise,
they were selected from a stratified-random design used for NEFC
trawl surveys (Grosslein 1969; Clark and Wood 1978), with station
intervals of 25 to 35 km (Figure 1 and Table 1).
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Plankton samples are collected by double-oblique tows with a 61-cm
bongo fitted with 0.333 and 0.505-mm mesh nets. The 0.505-mm mesh
samples are used for studies of fish eggs and larvae; the 0.333-mm
mesh samples for invertebrate zooplankton studies. The bongo is
lowered to within a few meters of bottom or to a maximum depth of
200 m at 50 m/min, and retrieved at 20 m/min. Ship speed varies
between 1 and 2 kts to maintain a 45° wire angle during a tow. A
flow meter in the mouth of each net provides information for
computing the amount of water filtered during a tow, and a
bathykymograph records a trace of the vertical tow profile and the
maximum sampling depth. Plankton samples are preserved in 4%
buffered formalin.

Initial processing of MARMAP ichthyoplankton samples is completed
at the Morski Instytut Rybacki, Szczecin, Poland. Larvae are
identified and measured at the Institute then returned to NOAA's
Sandy Hook Laboratory, along with appropriate logs and eggs.
Larvae and corresponding logs are checked at Sandy Hook and that
data are subsequently keypunched for entry into the MARMAP
Information System (MIS). Pelagic eggs are identified and staged
at Sandy Hook to map spawning areas and derive estimates of
spawning stock biomass.. For analytical purposes, fish eggs and

2

larvae are converted to numbers/10m~ surface area, an expression of

abundance.

SPAWNING PATTERNS OF COASTAL FISHES.

Larval fishes representing >200 taxa are collected annually on
MARMAP surveys. Spawning strategies vary between species but most
spawn pelagic eggs which drift in the water column until hatching
takes place. The incubation period requires anywhere from a few
days to a few weeks, depending on water temperature and the species
in question. Thereafter the developing larvae are dependent on
favorable circulation patterns, water quality and food supply for a
time period measured in months. It is these free-floating eggs and
larvae that are the most vulnerable stages of development in the
life history of marine fishes.
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Although spawning goes on year-round, spawning cycles of most
coastal species are seasonal and climatic changes are followed
closely by changes in the species composition of the
ichthyoplankton community. The role of environmental stimuli in
triggering and controlling the breeding cycles of most marine
fishes is poorly understood, but de Vlaming (1974) presented
evidence that changing temperatures and photoperiod provoke active
spawning in several temperate species. Although not substantiated,
it is widely held that these two factors influence the onset of
spawning in coastal fishes off northeastern United States where
many species immigrate from the south with spring warming and
emigrate "as coastal waters cool in autumn. Eggs and larvae of
these transieht species are geographically limited at the onset of
spawning but their distributions expand as the adult migrations
advance. For example, young stages of Atlantic mackerel, Scomber

scombrus, first occur off North Carolina and/or Virginia in April,

then continue to spread northward as the adults migrate to waters
off southern New England and beyond in June (Berrien 1978; Berrien
et al. 1981). Conversely, the young of Atlantic menhaden,

Brevoortia tyrannus, are found off southern New England in summer

and progressively farther south during the autumn months (Kendall
and Reintjes 1975). Smith et al. (1975) found similar geographic
progressions in the distribution of flatfish larvae, the young of
non-migratory fishes and concluded that external stimuli such as
seasonal temperature cycles have a similar influence on the onset
of spawning for both migratory and non-migratory species.

THE RELATIVE MAGNITUDE OF SEASONAL SPAWNING CYCLES.

Although spawning grounds are areally limited for some species,
i.e., redfish (Sebastes spp.) in the Gulf of Maine, for others such
as hakes (Urophycis sp.), silver hake (Merluccius, bilinearis) and
sand lance (Ammodytes sp.), the young are broadly distributed.
Indeed, eggs and larvae representing the entire coastal fish

community are so widely distributed that the entire continental
shelf from Cape Hatteras to Nova Scotia must be considered
important spawning and nursery grounds (Figure 2).
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Species composition of the larval fish community within the MARMAP
survey area is inversely proportional to increasing latitude, with
the larval community most diverse in the Middle Atlantic Bight and
least diverse in the Gulf of Maine. Within the Bight, the annual
spawning cycle and the species composition of the larval fish
community increases from a Tow in winter to a high in summer, then
declines in autumn. Despite the disparity in the relative
magnitude of seasonal spawning cycles, economically important
species such as Atlantic cod (Gadus morhua), summer flounder

(Paralichthys dentatus) and Atlantic menhaden (Brevoortia tyrannus)

spawn in the Bight during the Tate autumn and winter months.

Survey results for the 1977-80 time period show remarkable
similarity in the seasonal abundance of fish eggs in the Middle
Atlantic Bight and in that part of the Bight potentially influenced
by dumping at the 106-mile site. Furthermore, a comparison of the
egg abundance curves for the Bight and the potentially influenced
area suggests that the relative magnitude of spawning within the
two areas is proportional from year to year (Figure 4). These
similarities point to a remarkable level of seasonal and areal
equilibrium in spawning activity in the Bight.

Fish larvae also exhibit pulses in abundance which follow seasonal
trends from year to year. But the annual abundance curves for
larvae differ from those of eggs, largely because of a population
explosion in the mid-1970's of sand lance (Ammodytes sp.), a taxon
that spawns demersal eggs in late autumn and winter. Whereas the
abundance of eggs has a single annual peak in summer, the standing
crop of larvae in the Middle Atlantic Bight peaks in winter,
declines in early spring, increases in late spring to a second
annual peak in summer, then declines again in autumn. As with
eggs, the proportion of larvae that occurs within the Bight portion
of the potentially influenced area at a given time is directly
related to the overall abundance of larvae in the Bight (Figure 4).
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Within the shelf part of the area subject to influence from dumping
at the 106-mile site the larval fish community is a mix of shelf
and slope water species that continually changes, largely because
of the seasonal spawning habits of the fishes, the dynamics of
coastal circulation, and the inshore-offshore movements of the
shelf-slope front. During the course of a year, more than 150 of
the 200+ taxa of larvae that occur annually in coastal waters off
northeastern United States are found in the shelf portion of the
potentially influenced area. Despite the dynamic and diverse
nature of the larval fish populations in this area, numerical
dominance is shared by a limited number of taxa which maintain
their competitive advantage from year to year until they are
directly or indirectly reduced through natural or man-induced
changes such as: 1) a decline in the size of spawning stocks to a
level below that required to produce enough young to maintain a
competitive advantage over the developing young stages of other
species; 2) shifts in spawning time and/or location which cause
changes in the distribution patterns of eggs and larvae and have
the potential to result in temporal or spatial mismatches between
newly hatched larvae and optimal densities of their predators
and/or prey; 3) changes in circulation patterns which cause mass
mortality by transporting young planktonic stages away from their
nursery area; and 4) increased embryonic and larval mortality
imposed by the release of pollutants over principal spawning
areas. In large part, it is the deviation from average conditions
that influence the size of a year class.

On an annual basis, nine taxa shared the top five positions of
numerical dominance in that part of the shelf potentially
influenced by dumping at the 106-mile site during the 1977-80
MARMAP surveys. Three of the top five, Atlantic mackerel, hakes of
the genus Urophycis and silver hake are economically important taxa
that contribute to the 1.1 billion dollar fishing industry off
northeastern United States. Another, sand lance, is a forage
species that provides a principal part of the diet for important

piscivorous species such as summer flounder, bluefish, Pomatomus
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saltatrix, weakfish, Cynoscion regalis, striped bass, Morone

saxatilis, Atlantic cod and bluefin tuna, Thunnus thynnus.

Sand Tance, which accounted for 90 to 99.5% of the winter larval
population, was the most dominant taxon within the shelf portion of
the area potentially influenced by dumping at the 106-mile site.
The estimated abundance of sand lance larvae within the 34,336 km2
shelf portion of the potentially influenced area exceeded 1.8
trillion at the time of the 1979 winter survey. This extraordinary
biomass is equivalent to 52 million 1arvae/km2 and represents the
peak abundance level for a taxon during the 4-year reporting
period, although the abundance estimates of hake, Urophycis sp.,
and Atlantic mackerel were nearly as great in the summer of 1977
and spring of 1980, respectively. Young sand lance remained at or
near the forefront of dominance during winters of the other three
years when their annual abundance estimate exceeded 470 billion
larvae (Table 2).

A slope water myctophid, Benthosema glaciale, was a perennial early

spring dominant, although larvae were considerably less abundant
than those of the other dominants. B. glaciale was succeeded by
Atlantic mackerel in late spring of 1977 and 1980 but young
mackerel were not abundant in the shelf portion of the potentially
influenced dumping area during the intervening years. In summer
hakes of the genus Urophycis dominated in 1977 and 1980, and they
ranked near the top in 1978 and 1979. Silver hake, and flatfishes
of the genera Citharichthys and Etropus were dominant during late
summer and early autumn months of 1977, 1978 and 1979 (Table 2).

Late autumn survey coverage of the shelf portion of the potentially
influenced dumping area was adequate only in 1979. Silver hake
larvae dominated, although the spawning season of silver hake
normally peaks in summer and tapers off to insignificant levels by
late autumn. Despite the position of numerical dominance, the
abundance of silver hake larvae in late autumn of 1979 was only a
fraction of that for the dominant taxa during winter, spring and
summer (Table 2).
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FISH LARVAE IN SLOPE WATERS.

Most of the 112,657 km2 area that falls within the realm of
possible influence from ocean dumping at the 106-mile site lies

east of the continental shelf, beyond the geographic scope of most
United States fisheries and, therefore, in an area where fisheries
research is seldom done. The MARMAP station plan shown in Figure 1
exemplifies this point. Because of the paucity of ichthyoplankton
research in slope waters and the lack of standardization in
collecting gears and techniques used in sampling these waters,
results cannot be meaningfully compared in a quantitative sense.
Larval fishes collected in slope and oceanic waters at and
surrounding the 106-mile site are summarized here on the basis of
monthly occurrence (Table 3). This listing contains 209 taxa which
represent 73 families. Most of the taxa are siope water and/or
oceanic fishes, but representatives of shelf species occur during
all seasons of the year. Some of these shelf taxa originate in the
Middle Atlantic Bight and are subsequently transported off the
shelf by currents, while others originate south of Cape Hatteras
and are transported northward by the Gulf Stream. The 1likelihood
of these wayward larvae finding their way back onto the shelf is
remote and they eventually succumb to the intolerable slope water
environment.

One important species, the bluefish, does occur naturally at early
stages of development in slope waters adjacent to the Middle
Atlantic Bight (Austin 1975; Kendall and Walford 1979). According
to Kendall and Walford (1979) these fish originate south of Cape
Hatteras in spring, move northward along the shelf/slope front and
ultimately move shoreward into coastal estuaries of the Middle
Atlantic states where they remain for the summer. In subsequent
years, they contribute to the popular summer sport fishery for
bluefish off northeastern United States. Bluefish also spawn in
the Middle Atlantic Bight and within that part of the Bight
potentially influenced by dumping activity at the 106-mile site
(see Figure 5 and Table 2). The relative contributions of bluefish
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spawned north and south of Cape Hatteras to the recreational
fishery remains an open question, but it is clear that both groups
of fish occupy waters potentially influenced by dumping at the
106-mile site during the vulnerable early part of their life cycle.



Figure 1.

N

:.W..QQO T

¥4

MARMAP (Marine Resources Monitoring Assessment and Prediction) plankton
stations off northeastern United States during 1980 (see Sherman 1980 for
description of MARMAP Program), DWD=-106 and potential impact area from
dumping at DWD-106 are shown off Middle Atlantic states.
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Figure 3. Spawning seasons of principal species, based on larval occurrences, in foyp
° analytical subareas of northeastern United States (after Colton et al. 1979);

SUBAREAS
Gulf of Maine Georges Bank Southern New England Middle Atlap
Months
Family - Species - Common Name JFMAMJIJIASOND JFMAMJJASOND JEMAMJIJASOND JFMANyY J A

CLUPEIDAE o
Jrevoortia tyrannus
Atlantic menhaden
Jlupea hare
Atlantic herring
ENGRAUL IDAE
Anchoa hepsetus
striped anchovy
Anchoa mitchilli
bay anchovy
Engraulis ewrystole
silver anchovy
GADIDAE
Enchelyopus cimbrius
fourbeard rockling
Gadus morhua
Atlantic cod
Melanogrammus aegle finus
haddock
Merluccius bilineartis
silver hake J
Pollachius virens
potlack
Urophyets chuss
red hake
Urophycis regias
spotted hake
Urophycis tenuis
white hake
MALACANTHIDAE
Lopholatilus chamaeleonticeps
tilefish
POMATOMIDAE
Pomatomus saltatriz
bluefish
SPARIDAE
Stenotomus chrysops
scup
SCIAENIDAE
Cynoseion regalis
weakfish
Letostomus zanthurus
spot
Micropogonias wndulatus
Atlantic croaker
LABRIDAE
Tautoga onitis
tautog
Tautogolabrus adspersus
cunner
AMMODYTIDAE
Ammodytes sp.
sand lance
SCOMBRIDAE
Scomber scombrus
Atlantic mackerel
STROMATEIDAE
Peprilus triacanthus
butterfish
SCORPAENIDAE
Sebastes sp.
redfish ]
TRIGL IDAE . 4
Prionotus carelinus
northern searobin
Prionotus evolans
striped searobin
COTTIDAE
Myoxocephalus octodecemgpinosus =
longhorn sculpin
BOTHIDAE
Citharichthys arctifrons
Gulf Stream flounder
Etropus microstomus ]
smallmouth flounder
Hippoglossina oblongus
fourspot flounder
Paralichthys dentatus
summer flounder
Scophthalmus aquosus
windowpane
PLEURONECTIDAE
Glyptocephalus cynoglossus
witch flounder
dippoglossoides platessoides
American plaice
Limanda ferruginea
yellowtail flounder
Pseudopleuronectes americanus
winter flounder

.
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— 100,000
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Figure 4,

Seasonal changes in abundance of fish eqgs in the Middle

Atlantic Bight (1977-80) and in the potential impact area
* of ocean dumping at DWD-106 (top). Seasonal changes in
abundance of fish larvae in the Bight (1977-80) and in the
potential impact area of dumping at DWD-106 (bottom)
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_are those falling

Listing of MARMAP surveys in the Middle Atlantic Bight, 1977-80.
within area potentially influenced by dumping dat DWD-106.

Stations

NO.

Season Date Vessel Cruise Sta.
Late winter 9 Mar-7 Apr DELAWARE 11 77-03 23
Early spring 14 Apr-28 Apr DELAWARE 1II 77-04 24
Spring 4 May-13 May DELAWARE 11 77-05 1 27
Spring 18 May-24 May DELAWARE 11 77-05 11 20
Summer 19 Aug-29 Aug YUBILEINEY 77-02 20
Early autumn 12 0ct-29 Oct ARGUS 77-01 22
Late autumn 2 Dec-9 Dec KELEZ 77-11 3
Late winter 16 Feb-14 Mar DELAWARE 11 78-02 28
Early spring 19 Apr-12 May ARGUS 78-04 29
Late spring 24 Jun-12 Jul ALBATROSS 1V 78-07 29
Summer 12 Aug-3 Sep BELOGORSK 78-01 30
Early autumn 19 Oct-27 Oct BELOGORSK 78-03 19
Autumn 16 Nov BELOGORSK 78-04 2
Late winter 25 Feb-4 Mar DELAWARE 11 79-03 17
Early spring 13 Apr-14 Apr DELAWARE II 79-04 4
Spring 6 May-18 May DELAWARE 11 79-05 23
Late spring 17 June-8 Jul ALBATROSS 1V 79-06 23
Summer 12 Aug-22 Aug BELOGORSK 79-01 20
Early autumn 4 Qct-18 Oct ALBATROSS 1V 79-11 18
Autumn 12 Dec-19 Dec ALBATROSS 1V 79-13 6
Late winter 29 Feb-19 Mar ALBATRQOSS IV 80-02 20
Early spring 7 Apr-27 Apr EVRIKA 80-01 22
Spring 24 May-6 Jun DELAWARE II 80-03 20
Summer 17 Jul-26 Jul EVRIKA 80-06 22
Early autumn 27 Sep-9 Oct ALBATROSS IV 80-10 19
Autumn 20 Nov-7 Dec ALBATROSS IV 80-12 19
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Table 2.

of impact from ocean dum
the number of stations w
1981). Abundance is exp

Symmary of fish Tarvae coilected on MARMAP surveys (1977-80

ping at DWD-106.

here taxon was caught; KMEAN =

DOM = dominance,

ansion of KMEAN to reflect the size of the area.

ze of theaves- .

e

LARVAL ASSEN

mean number of larvae

HRLAGES

} at shelf and slope water s
the number of stations where taxon account
/10m2 surface area as determined b

HEAR

tations (depths 55 to 2200 m)
ed for >50% of all larvae;
y & distribution (see Berrien et al.

DRU-106

CRUTISES=MM7701 & 07703

YEAR SEASON #sTA  TANANE Lo PCTUQM OCCUR FCT%CCUR ?gsag
1977 LATE 23 AMMOLYTES 13 56.5 14 é_,9 379
WINTER HYGOFHUM  BENOITI 3 13,0 5 21.7 o
UROFHYCIS 0 0.0 2 8.7 o.i
FARALEFTRINAL 0 0.0 2 8.7 0.5
CYCLOTHORE 0 0.0 1 4,3 0.3
ETROFUS  HMICROSTOMUS 1 4,3 1 4.3 0.2
CONGRIDAE 1 4.3 i 4.3 0.2
gl
REMNTHC GLACTALE 0 0.0 1 4,3 ol
CERATOSCOFELUS  MADERENSTS 0 0.0 1 4.3 0.1
REMTHOSEMA SIMILE 0 0.0 1 4,3 0.3

UNKMOWHN 0 0.0 0 0,0 0.

CRUISES=607701 & TL7704 (STA 1-94)

YEAR SEASON #STA TYNAOME Lot FCTHOM OCCUR FCTOCCUR KMEAN
1977 EARLY 24 AUMOTIYTES 9 37.5 13 54,2 43,1
SPRING BENTHOSEMA GLACIALE 3 12,5 8 33,3 15.0
HYGOFHUM  RENOITI 3 12.5 5 20.8 8.4

FARALEFIDINAE 1 ] 5 20.8 2,1

OFHIDIINAE 0 0,0 2 8.3 2.1

TLUS  TRIACANTHUS 0 0.0 2 8.3 1.8

GLIDAE 0 0.0 2 8.3 1.7

HELAMOGRAMHUS  AEGLEFINUS 0 0,0 1 4,2 1.6

ETRUMEUS TERES 0 0.0 2 8.3 1.4

CENTROFRISTIS HTRIATUS 0 0.0 1 4,2 1.3

SYNDUONTIDAE 0 0.0 2 8.3 1.2

LOFHIUS AMERTICANUS 0 0.0 3 12,9 1.1

GORIINAE 0 0,0 2 8.3 1,0

UIOGENICHTHYS ATLANTICUS 1 4.2 2 8,3 0.9

EFINEFHELUS 0 0.0 1 4,2 0,9

LIMANDA FERRUGINEA 0 6.0 1 4.2 0.5

MYCTOFHIDAE 0 0.0 2 8.3 0.5

MYCTOFHUM  NITIDULUM 0 0,0 1 4,2 0.4

SCORFAENIDAE 0 0,0 1 4,2 0.4

EATHYLAGIDAE 0 0,0 el 8.3 0.4

ETROFUS MICKOSTOMUS 0 0.0 1 .2 0.3

SYMPHURUS 0 0.0 1 N 0.3

DISTNTEGRATED G 0.0 1 L2 0.3

FARALICHTHYS DENTATUS 0 0.0 1 4.2 0.3

FHOLIS GUHNELLUS 0 0.0 1 4,2 0.3

ENCHELYOFUS CIMBRIUS 0 0.0 1 .2 0.3

UROFHYCTS ) 0.0 1 4,2 0.2

GANIRAE 0 0.0 1 4.2 0.2

CLUFEIFORMES ] 0.0 1 4.2 e 2

GOMOSTOMATIDAE 4] 0.0 1 4,2 . 2

HYGOFHUM 0 0.0 1 4,72 0.2

CarRAF1IUAE 8] 0.0 1 L2 0.2

CITHARICHTHYS ARCTIFRONS 0.0 1 4,2 .2

3 HORHUA O 0.0 1 4.2 2

P TAE © S 1 4,0 0.2

S
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Table 2. (continued)
: CRUISE=DL770% (8TA 92-180)
YEAR SEASON #STA  TXNAME NOM FCTDOM 0OCCUR FCTOCCUR KMEAN KSTRERR TOTARUNI PCTABUND
1977 SPRING 20 SCOMBRER SCOMBRUS 4 20,0 7 35.0 27.7 18,2 95,0815795:420 31.3
EENTHOSEMA GLACIALE 3 15.0 7 35,0 10,1 4,3 3458325234,428 11.5
CERATOSCOFELUS MADERENSIS 0 0.0 5 25.0 10.0 7.4 345,46051005408 11.3
LIFARIS 1 5.0 1 5.0 5.2 23.3 1779233925000 5.9
RENTHOSEMA SUBORRBITALE 2 10,0 2 10,0 5,1 3.5 17+4015484,800 5.7
HYGOFHUM . HYGOMII 0 0.0 1 5.0 3,0 13.4 10930559505 400 3.4
UROFHYCIS 0 0.0 3 15.0 2.9 2.2 1070425248304 3.3
LIMANDA FERRUGINEA 0 0.0 - 4 20,0 2.6 1.5 By7775974r162 2.9
VINCIGUERRIA 0 0,0 3 15,0 2.5 1.8 B8s430,7405028 2.8
SYACIUM FAFILLOSUM 0 0.0 1 5.0 1.7 7.5 572505285000 1.9
EHCHELYOFUS CIMERIUS 0 0.0 3 15,0 1.4 0.9 4:,78854395260 1.5
ROTHUS ) 0,0 2 10,0 1.3 1.0 4544153615600 1.4
FARALEFIDIDAE 0 0.0 3 15,0 1.3 0.7 4530738151649 1.4
COTTIDAE 0 0.0 2 10.0 1.2 1,0 4517856915200 1.4
GLYFTOCEFHALUS CYNOGLOSSUS 0 0.0 3 15,0 1,2 0.7 4703956651690 1.3
LAMFANYCTUS ALATUS 0 0,0 1 5.0 1.0 4.5 3743553165800 1.1
FOMATOMUS SALTATRIX 1 5.0 1 5.0 1.0 4.5 3542550165000 1.1
AMMODYTES 0 0.0 2 10.0 0.9 0.6 2,9355728v000 1.0
ARGYROFELECUS 0 0.0 1 5,0 0.7 3.0 2529052115200 0.7
-~ GOBIIDRAE 0 0.0 2 10,0 0.6 0.4 2:,231,8405,000 0.7
;o OFHICHTHIDAE 0 0.0 2 10,0 0.6 0.4 2521456725000 0.7
o SYNODONTIDAE 0 0.0 2 10,0 0.6 0.4 2