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2 ke offshore water in the bend of the Atlantic coastline from Long Island on one side to New Jersey on the
Oﬂlﬂ' is known as New York Bight. This 15,000 square miles of the Atlantic coastal ocean reaches seaward to the
‘edge of the continental shelf, 80 to 120 miles offshore. It's the front doorstep of New York City, one of the
' world's most intensively used coastal areas—for recreation, shipping, fishing and shellfishing, and for dumping
" sewage sludge, construction rubble, and industrial wastes. Its potential is being closely eyed for resources like
- wod and gravel~and oil and gas. .. _ o
¢’ 'This is one of a series of technical monographs on the Bight, summarizing what is known and identifying
“ what i unknown. Those making critical management decisions affecting the Bight region are acutely aware that
2. they need more data than are now available on the complex interplay among processes in the Bight, and about
" the human impact on thase processes. The monographs provide a jumping-off place for further research.
. “'The series is a cooperative effort between the National Oceanic and Atmospheric Administration (NOAA)
and the New York Sea Grant [nstitute. NOAA's Marine EcoSystems Analysis (MESA} program is responsible for
identifying and. measuring the impact of man on the marine environment and its resources. The Sea Grant
Institute (of State University of New York and Cornell University, and an affiliate of NOAA’s Sea Grant
program} conducts & variety of research and éducational activities on the sea and Great Lakes. Together, Sea
Grant and MESA are preparing an atlas of New York Bight thac will supply urgently needed environmental
information to policy.makers, industries, educational institutions, and to interested people.

ATLAS MONOGRAPH 14 describes characteristics and distribution patterns of benthic fauna in New York Bight. The
benthic macroinvertebrate fauna of the Bight generally resemble fauna common to most of the Middle Atlantic Bight.
Although there is considerable spatial and temporal variation in the distribution and abundance of benthic organisms, heavy
metals and other substances associated with sludge dnd dredge materials, dumping of wastes, and estuarine inputs of con-
- taminants have had 2 demonstrable impact on the benthos, While the results of 2 decade of intensive studies have made New
York Bight fauna one of the most studied in the world, many areas stillneed to be explored, especially long-term variability,
meio- and micro-fauna, and the role of benthos in transporting pollutants throughout the demersal food web.
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Map 1. New York Bight including its bays, sounds, and estuaries
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Abstract

Considering the importance of New York Bight in
transportation, industry, commercial and recreational
fisheries. and beach and aquatic recreation, it is surprising
that until recently remarkably little was known abour its
benthic launa. In the last decade several intensive studies
were initiated of benthic macroinveriebrate communities in
the Bight and the effects of physical:chemical factors.
inctuding pollution. on these living resources, This
monograph is 2 summary of those studies.

The benthic macroinvertebrate fauna of New York
Bight generally resemble the fauna common to most of the
Middle Atlantic Bight and show considerable spatial and
temporal heterogeneity in numbers of individuals, species
richness. and diversity. This is due largely to natural
variation in 1opography and sediment type as well as to
considerable accumulations of organic matter and con-
taminaants, particularly in the Christiaensen Basin of the
Bight apex. principally the result of pollution and
eutrophication. In the Christiacnsen Basin. species diversity
is greally reduced. The relative importance of impacts by
organic matter and toxicants on boltom-dwelling organisms

is unknown. Seasonal low dissolved-oxy gen levels resulting
from excessive amounts of organic matter may also have
deleterious impacts on the benthos. Opportunistic species
known 10 be tolerant of deteriorated eovironments are
common at benthic stations located within the Christiaen-
sen Basin. Also. disease in marine demersal Hnfish and
shellfish is unusually prevalent in the Bight,

Interactions amang species are also important in
accounting for variability in abundance and distribution.

Comparisons of the benthic tauna of relatively
uncontaminated areas in the Bight and adjunet cmbayments
with other temperate coastal environments of the western
Altlantic indicate considerable similarity in species and their
abundance. Scveral species are disteibuted (Tom estuarine
embayments 10 and bevond the shell-slope break.

While the resalts ol a decade of intensive studies have
made New York Bight benthic fauna one of the most studied
in the world, many areas stilt need 1o be explored. especially
long-term vanability, meio- and microfaun, and the role of
henthos in transporting pollutants throughout the demersal
food web.

Introduction

Benthic fauna are usually defined as those
invertebrates that dwell in or on the substratum
below the lowest low tide line. This area is
gencerally referred to as the benthic zone and it is
often divided into separate zones according lo
depth — the sublittoral. abyssal, and hadal.
Botiom-dwelling animals within the intertidal or
true littoral zone are regarded as a special case.
New York Bight s included within the sublittoral
zone, the zone that extends from shore out to the
continental shelf-slope break, beginning approxi-
mately 193 km (120 mi) east and southeast of the
NJ and L1 shorelines (Map 1). Here the bottom
begins to drop very rapidly into the abyssal depths
of the deep sea.

The benthos of the continental shelf is
generally regarded as an extremely important
component of the marine ecosystem. The bottom-
dwelling organisms provide much of the food for
the demersal, bottom-living species such as
commercially important flounders, cod. haddock,
and tautog. Other species of fish that dwell in the
water column, such as the striped bass and
bluefish, are known to make periodic excursions
to the bottom, feeding on epibenthic shrimps,
crabs, and smaller crustaceans. With shallow
water benthos, marks of the impacts of pollution
and environmental change are most evident. They
are directly affected by riverine runoff and ocean

dumping and, in most instances, are unable to
move away or otherwise avoid the effects of
environmental disturbances. Finally, many
benthic species are able to take up various
contaminants, and their tissue burdens of metals
and organic poliutants often provide a record of
the various toxic substances that they have been
exposed to during their life histories.

Benthic organisms are generally categorized
by their normal orientation to the bottom.
Mussels, barnacles, and many specics of shrimp,
crabs, and lobsters usually reside on the hottom or
on firm surfaces and are designated as being
epibenthic. Other organisms, the infauna. tend to
reside in the sediment, either in tubes, permanent
burrows or nests, or free. These include certain of
the polychaete worms, most clams, and many
crustaceans. Many species cannot be easily
categonized since they spend portions of their life
in the sediment as well as upon the sediment-
water interface. Some benthic organisms, like the
mysids and certain shrimp, are swimming forms
with saltatory patterns of movement.

The benthic populations that habituate the
numerous embayments and estuaries adjunct to
New York Bight must be considered. in part, as
extensions of those populations found in the Bight
nself. In addition, some species common to the
Bight are also found beyond the shelf-slope break.

7



Map 2. Sediment types in the New York Bight apex
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The basic methodologies involved in investigating
marine benthic populations are discussed in
Hedgpeth (1957), Holme (1964), Longhurst
(1959), and Holme and Mclntyre (1971). Numer-
ous other researchers have established their own
sampling” protocol using unique collecting de-
vices; many of their papers are reviewed in the
various chapters in Holme and Mclntyre (1971).
Methods for investigating the marine environ-
ment continue to be developed.

There have been a variety of samplers
designed to study the benthos. Early investiga-
tions employed a dredge-type device (Figure 1)
that was dragged along the bottom behind a ship.
This type of sampler was qualitative and mostly
collected only the larger, surface-dwelling forms.
In order to better understand species abundance
and interrelationships, a more effective method to
sample a known portion of ocean bottom was
needed.

Several kinds of quantitative “grab” samplers
have been devised and although some sample
larger surface areas than others, all apply basically
the same type of mechanism consisting of two
semi-cylindrical jaws which, when dropped to the

Sampling the Benthos

sea floor, dig in and close around a volume of
sediment (Figure 2). Through more sophisticated
scientific design, some types are now able to
obtain a relatively undisturbed sample. This not
only allows for the infauna to be characterized
(Figure 3), but subsamples of surficial sediments
can be taken to analyze heavy metal concentra-
tions, sediment grain size, organic content, or
hydrocarbon contamination, for example (Figure
4). Such information can then be data processed
for comparisons of animal-sediment relation-
ships, sedimentation rates, and species tolerances
to various kinds of contaminants.

New York Bight is topographically and
geologically a very complex environment. The
Hudson Shelf Valley divides the sediments
underlying the Bight apex into two relatively
equal areas consisting of medium to coarse sands
and silty-fine sands distributed in an irregular
manner (Map 2). The Christiaensen Basin and
Hudson Shelf Valley are characterized by finer
sediments, organic debris, and detritus, a signifi-
cant portion having its origin in sewage and solid
wastes carried into or dumped in the area (Schlee
and Sanko 1975). In addition, the area has a

Figure 1. This clam or shell dredge and similar devices are generally used to obtain large, qualitative samples
of the larger infaunal and epibenthic organisms. The mouth or opening is approximately 1 m wide,
(Courtesy of Sandy Hook Laboratory)



continuously changing (sand wave/ripple pat-
tern) topography characteristic of the mid-
Atlantic inshore coastline (Swift 1972). Textural
variations across this type of bottom are repre-
sented by the coarser sediments remaining along
the upper, more exposed portions, with the finer
materials collecting in the troughs. Observations
from submersibles and bottom photographs
(Figure 5) reveal these ripple marks to support
distinct benthic assemblages dependent upon
particular sediment types across the ridge-trough
pattern (Boesch, personal communication}. There
are, however, major problems in sampling
bottoms of this type where spatial variations are
quite small and yet community structure may
differ significantly (Frankenberg 1973). Swartz
(1976) also noted the problems of sampling in
areas with high spatial heterogeneity.

Figure 2. This Smith-Mcintyre quantitative bottom
grab can obtain a sediment sample of 0.1m? to a depth
of 15 cm, The sample is then returned to the deck and
emptied into plastic tubs to be processed (Courtesy of
University of Copenhagen, Marine Laboratory,
Helsingor, Denmark)

Figure 3. Smith-McIntyre grab samples are sieved to
sort benthic fauna from sediments. The sieves are a
stack of stainless steel standard geological screens,
the smallest mesh either 0.50 or 1.00 mm. The fauna
are removed from the screens, fixed in formalin, and
preserved in 70% ethanol containing 5% glycerol.
{Photo by J. Pearce, Sandy Hook Laboratory)

Figure 4. Standard plastic cores are used to remove
sediment aliquots from the Smith-McIntyre qualitativ
grab samples. The aliquots are routinely analyzed:
determine such physicai/chemical parameters
sediment grain size, percent organic matter, and he
metal and hydrocarbon contents as well as microbial
and meiofaunal populations. (Photo by J. Pea
Sandy Hook Laboratory)



Figure 5. Thls bo-ttom photograph indicates the microrelief (ripple pattern) characteristic of many New York
Bight sampling strata. Note the accumuiation of shell and debris in the troughs and large standing stocks

of sand dollars on the ridges. (Photo by J. Pearce, Sandy Hook Laboratory)

Significance of the Benthos

Since the classic investigations of Moebius and
Petersen (Hedgpeth 1957), marine biologists have
been ‘particularly interested in the total assem-
blage or community comprised of the many
benthic species or populations found in a specific
geographic area. The concept of faunistic com-
munities._has been extensively discussed in the
literature, particularly with regard to marine
benthic community structure. Thorson (1957)
devoted much of an extensive review article to a
discussion of :hG‘.W'.(:ommunity structure should be

h‘ﬂugli“"wr'ii't'en"se'veral years ago,
the article by Fager-(1963) on Communities of
Organismy must still be regarded as the best to
date. He did not attempt to oversimplify the
problem. of studying and defining community
structure but, at the same time, provided a degree
of reality to the concept of the community,
particularly as it might be applied to the benthos.
He advocated an operational definition of
community — a group of species which is often

found living together (Fager 1963). Whittaker
(1970) and others have elaborated on this very
simple concept by noting that other factors should
be included in a definition of community,
including the interactions among the populations
that form the community and between the
community and its environment. Such thinking
becomes the basis for the concept of the ecosystem
which, today, forms the cornerstone for much of
ecological theory. Recognizing this, Whittaker’s
(1970) statement becomes a working definition:
“A community is a functional system of inter-
acting, niche-differentiated species; and com-
munity structure, differentiation in space and
time, importance-value progressions, and species-
diversities are inter-related expressions of the
interaction and organization of species in com-
munities.”

Benthic organisms that occur in the Bight are
useful as commercial or recreational food re-
sources, as integral parts of marine food webs, and
as indicators of environmental perturbations and
stress. Shellfish, such as the common surf clam
Spisula solidissima: ocean quahog, Arctica
islandica; American lobster, Homarus ameri-
canus; and sea scallop, Placopecten magellanicus,



are among the more important taken commer-
cially in the NY metropolitan area. The hard-
shelled clam, Mercenaria mercenaria, is widely
collected from littoral and sublittoral waters
by both commercial and sport fishermen, Several
species of crabs, including the cancroid crab,
Cancer irroratus, and the blue crab, Callinectes
sapidus, have more limited commercial impor-
tance. The latter, a swimming crab belonging
to the family Portunidae, swims through the
water column in addition to spending much
of its life on the bottom and is widely sought
by recreational fishermen. Other invertebrates
may be important to certain ethnic groups as

delicacies. o o
The vast majority of benthic invertebrates

have no direct commercial or recreational value but
are of extreme importance in the food chain or web-
of-life that culminates in demersal finfish and
eventually man. At the turn of the century,
resecarchers like the Danish marine biologist
Johannes Petersen and American fisheries
biologists Henry Bigelow and A, E. Verrill
recognized the ultimate importance of benthic
invertebrates in the diets of marinc demersal
finfish and certain commercially used crus-
taceans. By volume or weight, small crusta-

Historical Observations and Investigations

Most data concerned with benthic populations of
the Bight were gathered from 1960 to the present.
At this late date, the consequences of over a
century of industrial discharge into estuaries, four
decades of ocean disposal of sludges and spoils in
the Bight apex. and ever increasing amounts of
contaminants carricd scaward by terrigenous
export had already markedly altered the distri-
bution and abundance of the marine benthos in
these waters,

Among the first published reports concerned
with benthic organisms of the NY metropolitan
arca are those concerned with the Mollusca.
These carly papers most often consisted of
catalogs or species lists developed principally by
nonprofessional shell collectors or conchologists.
DeKay (1842) was concerned with the molluscs of
New York State; Hubbard and Smith ( 1865) and
Smith (18874,5) reported on the occurrence of
molluscs along the shores of Staten Island. Later,
Jacot (1920) added to the previous works by
reporting on subsequent species collections from
the shores of Staten Island. He observed that due

r2

ceans. including the Amphipoda. lsopoda. and
Cumacea often constitute the majority of finfish
gut contents, particularly inimportant species like
the cod, Gadus morhua, and winter flounder,
Pseudopleuronectes americanus (Bigelow and
Schroeder 1953; Jeffries and Johnson 1974).

Young and Rhoads (19714,b)demonstrated
the important role of the benthic infauna in
providing a micro-relief and affecting sediment
stability and interstitial water characteristics,
Also, aquatic scientists have begun to recognize
benthic invertebrates in general, and certain
benthic taxa in particular, as important indicator
groups of environmental stress, especially those
man-induced perturbations that result from
pollution and physical manipulation of the
environment (Wilhm and Dorris 1966, 1968;
Withm 1967, Fincham 1969; Blumer et al 1971;
Reish 1972). Benthic amphipods, for example,
have been reported to be particularly susceptible
to contaminants such as petroleum products
(Blumer et al 1971). Since these small crustaceans
are so important in marine food webs, such
observations are extremely significant in assessing
impacts of certain poliutants on individual species
as well as on the total ecosystem.

to the number of gasoline boats, and possibly the
sewers near the entrance of Great Kills Bay,
Staten Island, the molluscan fauna distribution in
the NY metropolitan waterway consists of only
the hardiest species. From these records he was
struck by the decrease in fauna accompanying the
expansion of the city. One of the important
factors in the extermination of the less hardy
species, he noted, was the crowding of the beaches
for miles beyond the city limits with cottages and
bungalows and the accompanying gasoline boats.
(Jacot 1920).

Goode (1887) noted that elements of the
benthos and demersal finfish in Newark Bay had
been rendered unfit for sale due to petrochemical
contamination in the last quarter of the nineteenth
century. Shellfish, principally oysters, from
Newark Bay were tainted by coal oil and couid not
be sold.

Because of their size, commercial impor-
tance, and durable shells, molluscs were favornite
subjects for study by nineteenth century scientists
and students of natural history. Many of the same



attributes are possessed by the Crustacea and,
consequently, several of the early studies of
benthic organisms included crustaceans. Fowler
(1911) wrote extensively on the Crustacea of New
Jersey and reviewed the malacological studies
completed in the Bight and associated waters, As
with the early conchological studies, Fowler
limited himself to the more qualitative aspects of
crustacean biology. Although he listed the
locations where various species were found, he did
not generally provide adequate distribution
ranges or even the relative abundance of any
particular species.

The first truly comprehensive, published
benthic studies completed in waters contiguous
with the Bight were those by Sanders (1956) in
Long Island Sound and Dean and Haskin (1964)
in Raritan Bay. Both involved collections made
either by standard semiquantitative anchor
dredges or with bottom grabs in waters beyond
the littoral zone. Sampling stations were re-
occupied periodically over extended times. While
differences in minimum screen sizes used in
separating fauna from sediment prevent direct
comparisons of data from the two areas, both
studies were instrumental in placing benthic
investigations in the greater NY metropolitan area
on a sound quantitative footing.

Two additional investigations were done by
OConnor (1972) and Franz (1976). Franz’ study
considered Fisher's Island Sound and areas of
Long Island Sound; O'Connor worked in Mor-
iches Bay. Elements of the benthic assemblages in
these areas were also found to be common to the
Bight apex, the deeper continental shelf, and slope
waters.

At about the same time another study was
complieted in Goose Creek, which drains into
Gardiner’s Bay through a compiex of sounds and
bays (Kaptan, Welker, and Kraus 1974). Al-
though this study was primarily concerned with
the impact of dredging, the researchers included
useful species lists of benthic organisms which,
again, suggested a relationship between inshore
fauna and those of the Bight apex and deeper
waters.

Also during the early 1970s, biologists of the
Marine Science Center, University of Delaware,
conducted studies on the benthic infauna located
south of the Bight apex, particularly off Delaware
Bay. The results of these studies have been
presented in reports, dissertations, and published
papers (Watling and Maurer 1972; Maurer et al
1976; Watiing and Maurer 1976). As expected, the
benthic fauna species lists and related data
provided by these investigators are similar to
those data cotlected in the northern portions of
the Bight from sampling strata similar in bathy-
metry and sediment type.

More recently, Boesch, Kraeuter, and Serafy
(1977) reported on benthic studies conducted in
New York Bight as part of the outer continental
shelf chemical and biological benchmark studies
sponsored by the Bureau of Land Management
(BLM). Finally, Wigley and Theroux (in press)
reported on a series of collections made in the
Middle Atlantic Bight from August 1957 through
August 1965; many of these stations were
occupied for benthic grab samples in New York
Bight.

Since 1966, personnel attached to the Na-
tional Marine Fisheries Service (NMFS). and
later in concert with the National Oceanic and
Atmospheric Administration's Marine Ecosystem
Analysis Program (NOAA-MESA) investigated
various aspects of the benthic macrofauna (Map
3) in New York Bight (National Marine Fisheries
Service 1972; Pearce 1972, 19744, b, 1975; Steimle
and Stone 1973; McGrath, 1974; Pearce, Thomas,
and Greig, 1975; Pearce et al 1976b; Pearce,
Caracciolo, and Steimle 1977¢, 1979; National
Oceanic and Atmospheric Administration 1976;
Radosh et al 1978). In addition, numerous benthic
data are included in a series of data reports
published by the NOAA-MESA program (Pearce
et al 1976a,¢.d.e. 1977a,h.¢.d. 1978: Caracciolo et
al 1978), other data are still in press or in review
(Caracciolo and Steimle, in press; Steimle and
Radosh 1980; Steimle, Caracciolo, and Pearce. in
press).



Map 3. Areas investigated by NEFC personnel, 1968-80
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Bight Apex

Between February 1966 and January 1967,
Steimle and Stone (1973) completed a census of
the inshore benthic macrofauna off southwest
Long Island. Their objective was to collect
baseline data prior to the construction of an ocean
sewer outfal! from the south shore of Long Istand.
In their investigation of 39 stations, they found
three distinct types of communities. These con-
sisted primarily of a medium-coarse grain sand
community dominated by the bivalves, Tellina
agilis and Spisula solidissima; the sand dollar,
Echinarachnius parma; the amphipods, Proto-
haustorius deichmannae and Unciola irrorata;
and the polychaetes, Sthenelais limicola, Lum-
brineris fragilis, and Spiophanes bombyx, Several
stations were characterized by a hard substrate,
dominated by the blue mussel, Muvrilus edulis.
Since, with only three exceptions, their offshore
stations did not extend south of 40°30’N, they did
not generally have an opportunity to collect
samples in the finer sediments of the Christiacnsen
Basin or the solid waste disposal areas located
within the basin. Their offshore silty-sand
community (dominated by Nucula proxima and
Nephtys incisa) was defined on the basis of only
two stations located farthest seaward on a transect
extending off Atlantic Beach.

In a recent inventory of benthic invertebrates
off the NJ coast, Pearce (19744) provided partial
data on the distribution and abundance of benthic
macroinvertebrates collected to adepth of 25 mor
82 ft (Map 3). The sediments at these stations are
classified as medium to coarse grain sands. In
agreement with Steimle and Stone (1973),
associated assemblages were characterized by T,
agilis and S. solidissima. Also found were most of
the same dominant polychaetes. However, Pearce
found the sand doliar, E. parma, not to be as
abundant or widely distributed and he also
accounted for additional burrowing and tube-
dwelling amphipods.

Pearce (19744) reported a total of 88 taxa
from samples collected off the entrance of Little
Egg and Beach Haven inlets, NJ. This was in
connection with benthic and demersal popula-
tions likely to be affected by thermal poliution
from the operation of proposed floating nuclear-

Distribution and Abundance of Benthic Macrofauna

electric power generating plants off the southern
NJ coast, particularly in the vicinity of Atlantic
City. A comparison of species lists and relative
abundance of invertebrates indicates that the
benthic fauna occurring off the south shore of
Long Island and the NJ coast, to a depth of 25 m
(82 ft), have many similarities both in terms of
dominant species and associated taxa: forms such
as species of polychaete worms, bivalves (7. agilis
and S. solidissima), echinoids (sand dollars). and
pericarid crustaceans (amphipods) occurred at the
two areas.

The first major investigation of the distribu-
tion and abundance of benthic macrofauna in the
New York Bight apex was conducted between
August 1968 and December 1971 (National
Marine Fisheries Service 1972; Pearce 1972;
Pearce et al 19764). From this study, the authors
concluded that ocean disposal of sewage sludge
and dredging spoils had affected the quality of the
habitat. Sediment variables, such as increases in
heavy metals and organic matter, suggested that
accumulated wastes resulted in conditions re-
garded as inimical to the well-being of bottom-
dwelling organisms (Figure 6). Benthic grab
samples collected near the center of the Christ-
iaensen Basin were reported devoid of benthic
macrofaunal species (organisms greater than 1.0
mm or 0.04 in in any dimension). Samples im-
poverished of macrofauna were also characterized
by sediments having high content of organic
materials, indicator artifacts and heavy metals
thought to be derived from accumulated, dumped.
and riverborne wastes (Pearce 1971; Carmody,
Pearce, and Yasso 1973). More recent research
indicates that estuarine inputs may be a signifi-
cant source of contaminants to the Bight apex.
Simpson (1979) concluded that the input of metals
in soluble phase to the water column of the Bight
was principally due to riverine outflow. On the
other hand, O'Connor and associates {in press)
and West and Hatcher {1980) noted that certain
organic contaminants such as PCBs are found in
sediments collected from the sludge and spoils
beds in the Christiaensen Basin. Analyses of
source materials from harbors and treatment
plants indicated levels of organic contaminants
that could account for the increased levels found
in the waste disposal sites of the Bight.



In addition, sediments from the Chris-
tiaensen Basin were characterized by extremely
high values for coliform mndicator bactena, held to
tr the result of setibed sludge materinds (Babin-
chak et al 1977). An arca n the Bight apex
extimated at 20 km (7.7 mi’) was found to have
been severcly mmpacted by sewage denved ma-
terial as indicated by microbial evidence. While it
has been shown that surficial riversne runotf to the
Bight could account for the high coliform vilues,
microbiologists have usually measured the
progtest values in bottom waters or sedimenis
comannnated with sludges as evidenced by
varis human artifacts and other indicators. fna
vecent analysis of benthic data from the New York
Bight apex, McDonough (1976) reported thai,
bused on an eovironne ntal gualiny (EQ) index, an
drva ot TIE ki (43 Sy surrounding the sewage
sludge. collar dien, amd dredge spoill dumpsites was
charactenized as being of poor environmemtal
FTIRTTIATH

Subsequent to the [968-71 NMES study,
NMEPS made a reconnaissance eruise (June 1973),
five quarterly cruises tAuagust 1973 through
Septembes 1974, and two momtonng cruises
{(November 1975 and Febrgary- March 19761, 10
sample & standard grid of statons m the Bighn

Figure 6. Two huckets contaning Smith-Mcintyre
geab samslos are taken in New York Bight. The sample
Gre e et taken from a station outside the Chiristiaen-

i

sen Basin, conssts of clean medium-grain sands; the
BTSN 0N the aght taken from the center of the
sen Basin 8 an area recening sewage
studge debns, s charactenzed by extremely fine,
crganic cozes. mgh heavy metal and hydrocarbon

Ohnstiaer

apex (Map 33, Five Somth-Mclntyre quantitative
grab sumples were taken at cach station located
using # Raydist* navigation system that atlows the
retwrn to sampling sites within a precision of a few
meters. Samples, consisting of at least the first
grab taken at each station, for all of the above
critses have been sorted, identified. and quanti-
fied. Portions of the quarterly cruise data that
coutributed to the distribution and abundance
charts are summarized in Tables T and 2.

In addition 1o the faunistic data obtained for
cach Mation, subsamples were taken for analysis
of sediment granulometry, organic matter. and
heavy metal contaminants.

From the information in Table 2, there s
indication that the numbers of species and
individuals were reduced in August 1974 relative
10 August 1973 and March-Aprit 1974 Certain
species were considerably reduced in both
distribution and numbers of individuals per
station. The average number of individuals ot uil
benthic species per station (grab) dropped from
417 10 174 0 the August cruises and the average
number of species per station {grab) declined from
19 o 15, A few species. including the deposit

*Menbiet; of fuand smanies oy nok constitete colorctieit bt federat
BTN RRECRTN L1

Figure 7. These examples of the normally deep-
burrowing. benthic species were collected in traw!
nets during the hypoxia phenomenon of 1976, Clock-
wise from upper right: the polychaetes, Nereis
tongosetosa and Sigalion arenicola; the purrowing
shrimp, Auxius serratus: the bivalves. Spisula solid-
issima {meats only) and Ensis directus. the sea
cucumber, Caudina arenata; the rock crab, Cancer
irroratus (not a burrower): more C. arenata. and near
the nicke! coin in the center. mantis shrimp, Platy-
squilla enodis. (Photo by D. Radosh, Sandy Hook
Laboratory)



feeding bivalves, 7. agilis and N. provima,
rematned more or less constant in their distribu-
tion between August 1973 and 1974.

A decline in species and numbers of indi-
viduals might have been expected between the
August and March cruises. Normally, repro-
duction is depressed during the winter months and
predation tends to reduce standing stocks of
forage species. However, no apparent decrease
was observed between August 1973 and March-
April 1974, Fluctuations like this often merely
reflect natural variations of cyeles and hetero-
geneity within the ecosystem (Rogal et al 1978).

McCall (1977) measured the effects of dis-
turbance on henthic community patterns in Long
Island Sound. He noted that some species
undergo large spatial and temporal variations in
local abundance: other members of the same
community change only a litle (McCall 1977).
His studies indicated that 7" agifisand N. proxima
were relatively constant in Long Island Sound;
our studies suggest the same thing in the New
York Bight apex. Until long data series are
avatable for several parts of the northeastern
continental shelf, it will be difficult, in many cases,
to clearly separate the effects of natural variability
from the effects of man's activities.

Massive mortalities of benthic invertebrates
occurred in New York Bight July through
October 1976 (Steimle and Radosh 1980); these
mortalitics occurred as a result of widespread
oxygen depletion over an area 165 km (103 mi) by
85 km (53 mu) off the NJ coastline (Map 4). Pearce
(1972) reported very low values for dissolved
oxygen in the Christiaensen Basin during summer
1969. and other scientists (Ogren and Chess 1969;
Young 1973 and personal communication, 1974)
have measured similarly low oxygen values in
other years. Such stresses affect the distribution
and abundance of benthic invertebrates and result
in significant temporal and spatial variation.

Steimle and Radosh (1980) indicated that the
kill associated with hypoxia occurred throughout
most of the Bight especially off the NJ coast to a
depth of 50 m (164 ft). They noted that divers
found large numbers of megabenthic inverte-
brates, including lobsters, Homarus americanus,
and rock crabs, Cancer spp.. that displayed
unusual patterns of behavior, apparently because
of stress associated with reduced dissolved
oxygen. Later, sutf clams, Spisula solidissima,
were found out of their burrows and lying on their
valves. a position not uvsually assumed unless

stressed. Actual mortalites of rock crabs:
seastars, Asteriay forbesic bluc mussels. Mysifuy
edulis; and lobsters were also observed. Fish
assessment cruises found large numbers of dead
benthic orgamisms of larger size in dredges and
trawls. The surl clam suftered the greatest
impacts; other mortalities included crustaceans -
rock crabs, mud shrimp (Axius serracus); lobsters,
and mantis shrimp (Plarvsquille enodis): echino-
derms - starfish, sand dollars ¢Fehingrachinius
parma), and sea cucumbers (Cawdina arenata):
molluses sea scallops (Placopecren magel-
lanicus), razor clams (Ensis directus ), moon snails
{Lunaria heros), and ocean quahogs (Arctica
islandica): unidentified sipunculids: burrowing
anemones (Ceriantheopsis americanus}; and
polychaete worms (mostly Sigalion arenicola but
inctuding Aglaophamus circinara, Orbinia svani,
Glveera dibranchiata, Lumbrineris fragilis, and
Nephtys longosetosa). Examples of normaily
decp-burrowing macrobenthic species found in
trawl nets following hypoxia are shown in Figure
7. Later, Smith-Mclntyre grab collections were
taken at offshore stations that had becen pre-
viously sampled April 1975. Comparisons were
made of the distribution and abundance of the
more dominant or abundant species. The analvses
of data resulting from the two collections
before and immediately after hypoxia — indi-
cated that sand dollars and hofethuroideans.
Thyone sp., had been killed. Also. articulated
dead surf clam valves indicated recent mortalities
of clams. The polychaete, Goniadella gracilis, was
abundant at heavily impacted stations, implving
high tolerance to oxygen depletion.

Garlo, Milstein, and Jahn (1978) also
reported significant changes in benthic com-
munity structure and abundance of macrobenthic
species due to hypoxia in the Bight. They found
that echinoderms suffered the greatest mortality
at a station off Little Egg Inlet, NJ: most of the
sand dollars, Echinarachnius parma, were killed
and about half of the seastars. Asierias forbess,
were dead. Sixty-five percent of the bivalves
collected were moribund: these included speci-
mens of Nucula proxima and Mudinia leteralis as
well as Spisula solidissima. Tellina agilis. and
Ensis directus. Nueula is reported to occur in
sediments with high organic levels and the same
relationship has been observed in the Bight apex
where this bivalve has its greatest abundance at
stations in and near the sludge and dredge spoil
disposal areas (Watling et al 1974). Mulinia has



frequently been reported to be an opportunistic
species that rapidly colonizes sediments in
stressed estuarine and coastal environments
(Jackson 1968). Therefore, it can be assumed that
if these species suffer mortalities because of
hypoxia, other species less tolerant of physical/
chemical stresses will also be affected.

Garlo and associates (1978) found that less
than 1% of the polychaete worms were affected by
the reduced dissolved oxygen; Dean and Haskin
(1964) carlier reported that some polychaete
worms can withstand prolonged exposures to
anaerobic conditions. This may account for the
observed survival of polychaetes during pro-
longed periods of low dissolved oxygen in the
Bight. However, an area off Long Beach Island,
NJ. was severely impacted as the anoxic cell
persisted. allowing for the subsequent buildup of
toxic hydrogen sulfide. Grab samples taken here

were nearly devoid of organisms, including
polychaetes. Recolonization studies in this area
have been conducted during the past several
summers to observe recovery rates of major
benthic taxa in the area (Radosh and Reid. in
preparation).

Undoubtedly, events such as the reported
kills affect benthic invertebrates, especially the
larger species that are not adapted morpho-
logically or physiologically to avoid the impact of
stress associated with reduced dissolved oxygen
tensions. Until better baselines for the distribution
and abundance of important species are de-
veloped, it will remain difficult to assess accurate-
ly the complete effects of events such as the low
DO situation that occurred in 1976. Because of its
commercial importance, only in the case of the
surl clam did a significant data base exist to
indicate a major impact.



Table 1. Combined Species List for Cruises Aug. 73, Mar. 74, Aug. 74

Actiniaria (4):
Edwardsia elegans

Edwardsia sipunculoides
Ceriantheopsis americanus

Metridium dianthus
Rhynchocoela.
Nematoda.

Phoronida:

Phoronis architecta
Archiannelida.

Protodrilus symbioticus
Qligochaeta.

Polychaata [ 104):
Phytlodoce arenae
Phyllodoce mucosa
Eteone longa
Eteone lactea
Paranaitis kosteriensis
Hartmania moorei
Antinoella sarsi
Harmothoe imbricata
Harmothoe extenuata
Sigalicn arenicola
Pholoe minuta
Sthenelais limicola
Pisione remota
Glycera capitata
Glycera americana
Glycera robusta
Glycera dibranchiata
Glycera sp.
Hemipodus roseus
Ophioglycera gigantea
Goniadella gracitis
Nephtys bucera
Nephtys incisa
Nephtys picta
Aglaophamus circinata
Aglaophamus sp.
Exogone dispar
Exogone hebes

Parapionosyllis longicirrata

Eusyllis lamelligera

Spiophanes bombyx
Paraonis lyra
Paragnis gracilis
Paraonis fulgens
Aricidea quadritobata
Aricidea cerruti
Aricidea wassi
Onuphis opalina
Onuphis aremita
Diopatra cuprea
Lumbrinerides acuta
Lumbrineris fragilis
Lumbrineris tenuis
Lumbrineris coccinga
Ninoe nigripes
Orilonareis longa
Drilonereis magna
Stauronereis caecus
Arabella iricolor
Notocirrus spiniterus
Magelona rosea
Qrbinia swani
Haploscoloplos robustus
Scolopios acutus
Scoloplos armiger
Tharyx acutus
Tharyx annulosus
Tharyx marioni
Cossura longocirrata
Cauileriella killariensis
Owenia fusiformis
Ampharete arctica
Asabaellides oculata
Nicolea venustula
Polycirrus phosphoreus
Polycirrus sp.
Pherusa aftinis
Chaone infundibuliformis
Potamilia reniformis
Potamilia neglecta
Euchone elegans
Spirorbis boreahs
Polychaete #1

Bivalve #3
Bivalve #4
Crrripedia;
Lepas pectinata
Cephalocarida:
Hutchinsoniella sp.
Ostracoda.
Paricarida {41}
Leptocuma minar
Diastylis scuipta
Diastylis poiita

Leptognatha caeca
Leptochelia savignyi

Ptianthura tricarina
Cirotana polita
Chiridotea coeca
Chiridotea tults:
Edotea triloba

Ampelisca abdita
Ampetisca vadorum
Ampelisca verrilli
Ampelisca macrocephala
Ampelisca agassizi
Ampelisca sp.

Unciola irrorata

Uncicla inermis
Pseudunciota obliquua
Gammarus annulatus

Protohaustorius deichmannae

Protohaustorius wigleyi
Protohaustorius sp

Parahaustorius attenuatus

Parahaustorius holmesi

Acanthohaustorius spinosus

Acanthohaustorius millsi

Acanthohaustorius shoemakeri

Leptocheirus pinguis
Orchomonella minuta
Orchomaonelia pinguis
Monoculodes edwardsi
Photis macrocoxa

Eusyllis blomstrandi

Sphaerosyllis erinaceus
Syliides longocirrata Crepidula sp.
Microptthaimus aberrans Lunatia herps

Gastropoda (6).
Hydrobia minuta Photis sp.

Hippomedon serratus

Ischyrocerus anguipes

Syltis cornuta

Nereis succinea
Nereis grayi

Nereis virens
Capitella capitata
Mediomastus ambiseta
Notomastus latericeus
Scalibregma inflatum
Rhodine loveni
Macroclymene zonalis
Clymenaeita torguata
Leiochone dispar
Maidancpsis elongata
Travisia carnea
Ophelia bicornis
Ophelia denticulata
Scolelepis squamata
Spio filicornis

Spio setosa
Prionospio steenstrupi
Streblospio benedicti
Polydora sp.

Polydora ligni
Palydora caulleryi
Polydora aggregata
Folydora concharum
Laonice cirrata

Nassarius trivittatus
Turbonilla stricta
Epitonium multistriaturm

Bivalvia {20):

Nucula proxima
Nucula delphinodonta
Yoldia limatula

Yoldia myalis

Mytilus edulis
Crenslla glanduia
Astarte castanea
Astarte undata
Venericardia borealis
Cerastoderma pinnufatum
Pitar morrhuana
Arctica islandica
Spisula solidissima
Tellina agilis

Ensis directus
Periploma fragilis
Donax fossor

Siligua costata
Lyonsia hyalina
Mulinia lateralis
Lucina sp.
Aequipecten irradians
Bivalve #2

Phoxocephalus holbolii
Trichophoxus epistomus
Stenopleustes inermis

Synchelidium americanum

Neomysis americana
Eucarida (6):

Palaemonetes intermedius

Crangon septemspinosa
Pagurus longicarpus

Cancer irroratus
Ovalipes ocellatus
Carcinus maenas
Echinodermata (6}
Thyone sp.
Thyone unisemita

Echinoidea
Echinarachnius parma

Astenas forbesi

QOphiuroicea
Ascidiacea



Table 2. Species data from MESA cruises

Oregon Cruise
March-April 1974

136 Species

Delaware Cruise
August 1974

136 Species

Albatross Crulse
August 1973

146 Species

No. of species/station:
1 at #40 - 34 at #44;
average ot 19 spp./sia.

No. of species/station;
2 at #16 - 31 at #34;
average of 17 spp./sta.

No. of species/station:
0 at #29 and #46 -
39 at #22;
average of 15 spp./sta.

No. of indiv./sta.:
5 at #16 - 4,378 at #35;

Ng. of indiv./sta..
1 at 440 - 4,158 at #35;

No. of indiv./sta.:
0 at #29 and #46 -

average of 417 indiv./sta.

35 species with single

22

~d

occurrences

species occurred at 30%
or more of stations (19+)

spacies al 32 or more
stations {50%+)
Rhynchocoel — 42 stations
Tharyx acutus — 49
Spiophanes bormbyx — 43
Nephtys bucera — 35
Glycera dibranchiata — 33
Teltina agilis — 46

Cancer irroratus — 46

species at 25-31 stations
{40-49%)

Protodrilus sp. — 25
Asabellides oculata — 28
Aricidea cerruti — 25
Lumbrineris Iragilis — 25
Nucuia proxima — 30
Spisula solidissima ~ 23

Crangon septemspinosa — 29
Ceriantheopsis americanus — 29

spacies at 19-24 stations
{30-39%)

Hemipodus roseus — 20
Spio lilicornis — 23
Prionospio steenstrupi — 22
Lumbrineris tenuis — 21
Pherusa atfinis — 19

Ensis directus — 19

Edolea tritoba — 21

average of 293 indiv./sta.

35 spaecies with single

accurrences

17 species occurred at 30%

or mare of stations {19+)

5 species at 32 or more
stations {50%+)
Rhynchocoel — 45 stations
Spiophanes bombyx — 40
Tharyx acutus — 3B
Glycera dibranchiata — 33
Tellina agilis — 35

5 species at 25-31 stations
(40-49%)
Glycera capitata — 26
Naphtys bucera — 31
Lumbrinaris tenuis - 26
Pherusa alfinis — 25
Nucula praxima — 30

7 species at 19-24 stations
(30-39%)
Sthenelais limicola — 24

Aglaophamus circinata — 20

Lumbrineris fragifis — 21
Ninoe nigripes — 20
Tharyx annulosus — 20
Asabellides oculata — 24
Edotea triloba — 22

1,826 at #35; average of
174 indiv./sta.

36 species with single

occurrences

10 species occurred at 30%

or more of stations (18+)

3 spacies at 32 or more
stations (50%+)
Rhynchocoel — 38 stations
Tharyx acutus — 33
Taltina agilis — 46

3 species at 25-31 stations

{40-49%)

Glycera dibranchiata — 29
Lumbrineris Iragilis — 27
Nucula proxima — 27

4 species at 19-24 stations
{30-39%}
Lumbrineris tanuis — 23
Drilonereis longa — 21
Nince nigripes — 20

Ceriantheopsis americanus — 20

Note: Average number of individuals and species per station dechned between August 1973 and August 1974



Map 4. Distribution of observed benthic mortalities during hypoxia
phenomenon, July-November 1976
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Sgurce. Steimle and Fadosh 1980



Outer Bight

[n May and June 1974, the Division of Environ-
mental Assessment, NEFC, participated in cruises
to the proposed US Environmenial Protection
Agency (USEPA) interim alternate dumpsites, to
the Baltimore Canyon Trough, and to the
decpwaler disposal site located beyond the shell-
slope break. gencrally referred toas DWD site 106
(Map 3). Return cruises were made tothe USEPA
sites February and April 1975

Samples collected from these three outer
continental shell arcas have been analyred and
reported upon. in part, in recent papers {Pearce
1975; Pearce er al 1975, 1976¢, 1977h,¢, 1979
Radosh ct al 1978). Resulbts indicate that the
distribution of several of the species commaon Lo
the Bight apex are continued scaward across the
shelf and even beyond the shelf-slope break, These
studics also show that stations farther offshore
but on the shelf have about the same number of
individuals and species as do the unpolluted or
relatively unstressed stations Tound in the Bight
apex. Stations located beyond the shelf-slope
break were found to have a reduced number of
individuals and species when compared to
stations on the shelf. Wigley and Theroux (in
press) alse report a reduction in the number ol
individuals in deeper water. In order 1o measure
diversity and the relative number of speeies,
special techmigues are required for collecting and
processing deep-sea benthie materials. Samples
from the deep sea taken with traditional grab
samplers are not sufficiently large to collect the
many deep-sea benthic species that may be
spirsely distributed.

Certain species commonly found in the Bight
apex, for instance, the bivalve, 7 agifis, and the
cancrod crab, C.drroraties, were not found at
aflshore locations in greater than 40 to 60 m (13]
to 197 {1 of water,

Previous studies of the benthic fauna on the
outer shelf ot the Bight have not, until recently,
resulled in any extensive species lists or quanti-
tstive faunal inventories. Emery, Merrdl. and
Frumbull (1965} outlined a study 1n which
hottom-dwelhing organisms were photographed
and benthie assemblages colected atong the
contimentad shell and slope between the Guif of
Maine and New York Bight: Hathaway (1966,
1967} presented preliminary collection data for

i)

the stations covered. However, his biological data
consisted solely of qualitative statements, using
common names, in regard to the observed fauna.
More recently, these various benthic data for the
Middle Atlantic Bight were incorporated into an
extensive report (Wigley and Theroux, in press).
The data were given in a quantitative form relative
to the earlier presentation by Hathaway, and
species were listed by scientific name but related to
the higher taxonomic categories. {phylum, class,
and others) for purposes of comparing numbers of
individuals and biomass. Such presentations, plus
the use of different coliccting gear and sorting
mechanisms often make direct comparisons
between studies difficult,

Considering all stations in the Middle
Atlantic Bight, Wigley and Theroux (in press)
found 4235 species, but {ess than [0% were
considered important in terms of number and; or
biomass. In terms of density or number of
individuals, the more important genera were:
Scalibregma, Nephtvs, Maldane, Sabella, Spio-
phanes (Annelida); Aivania. Cvlichna, Nassarius
(Gastropoda); Nucula, Crelocardia, Astarre,
Thvasira (Bivalvia), Balanus {Cirripedia). Tricho-
phoxus, Leprocheirus, Ampelisca, Unciola
(Amphipoda). Cirolana (1sopoda); and Fchinara-
chniny (Echinoidea). Important 1o the biomass
were: Ceriantheapsis (Coelenterata), Neplvs,
Srreblosoma, Maldane, Fumbrineris { Annelida);
Arctica, Astarte, Cyvelocardia, Mulinig. Easiv
(Bivalvia), Buccinum, Nassarius (Gastropoda).
Trichophoxus, Leprocheirus, Unicola (Amphi-
poda), Cancer (Decapoda), Girolana (Isopoda);
Astrapecien (Asteroidea), and Echinarachnius,
Brisaster (Echinoidea).

large differences occurred in dominant
torms between waters ofl southern New England,
the Middle Atlantic Bight, and the Chesapeake
Bay.

Palmer and Lecar (1963) and Lear, O'Mallcy,
and Smith (1977) summarized the benthic data
from stations sampled off Delaware Bay. Palmer
and Lear noted 120 species, with polychaetes,
molluscs, and crustaceans comprising 929. In
agreement with the University of Delaware
studies mentioned earlier, most of the species
reported. including some very abundant ones, are
also well represented in our samples collected
from the Bight apex and farther offshore.



Adjunct Embayments and Sounds

Bodies of water connected to the Bight are
important in terms of providing temporal and
spatial continuity to the distribution and abun-
dance of benthic invertebrates and demersal
finfish of the Bight. For instance, many nverte-
brates and fish undergo seasonal or reproductive
migrations from offshore habitats to inshore
spawning areas. In other cases, parent stocks,
important to the recruitment of offshore popula-
tions, are residents in inshore or estuarine waters.
Estuarine populations in embayments contiguous
with the Bight are stressed by similar pollutants,
often before the offshore fauna. Therelore,
Raritan Bay and Long Island Sound. as well as
other embayments, and estuaries that connect
with the Bight, will be considered in the descrip-
tions of benthic populations of the Bight.

Between 1957 and 1960, a survey was made of
the macrobenthic invertebrates in Raritan Bay
(Dean and Haskin 1964). Recently. Dean (1975)
summarized the extensive benthic data that were
not reported upon in the earlier report.

In 1973, scientists at the NMFS Sandy Hook
Laboratory, NJ, initiated a new study of benthic
organisms at stations in Raritan Bay that were
sampled in an earlier investigation { Federal Water
Pollution Controel Administration 1967). Pre-
liminary findings indicated an impoverished
fauna relative to other estuarine waters and
revealed a mean of only 109 individuals per square
meter (McGrath 1974}, Perhaps the most impor-
tant finding was that certain taxa. abundant in
other local embayments, were completely absent
from stations sampled in Raritan Bay. For
example, the amphipod family, Ampeliscidae,
was not found in McGrath’s work, whereas Dean
(1975) reported it as extremely abundant (to
13,500/, m?) during his earlier investigation.
McGrath (1974) hypothesized that the almost
complete dechine of amphipods in western Raritan
Bay may be due to the presence of petrochemicals
in the sediments. Recent studies indicate excep-
tionally high hydrocarbon values in Raritan Bay
sediments (Koons and Thomas 1979). Blumerand
associates (1970) noted that ampeliscid amphi-
pods are sensitive to and, therefore, excellem
indicators of chronic petrochemical pollution.

O'Connor (1972) reported what appeared to
be a qualitative change in the benthic fauna of
Moriches Bay in the interval between a study
conducted in 1938 and O’Connor’s own investiga-
tion compieted in 1970. He described this

embayment as a textbook cxample of estuarine
eutrophication (O'Connor 1972). Again, the
observed changes apparently occurred con-
comitant with the deterioration of an estuarine
environment.

Another investigation of a small cmbayvment
in Long Island was made by Kaplan and asso-
ciates (1974). This study was concerned with the
effects of dredging on the macrobenthos of Goose
Creek, a restricted lagoon that ultimately opens
into Gardiner's Bay at the eastern extreme of
Long lIsland. The investigators reported that a
significant reduction occurred in the standing
crop {(the total number or weight of hiving
organisms momentarily present ina community),
species diversity (a relative value regarding the
number ol species ina community with respect to
its total number of individuals). and number of
individuals following dredging, again an indica-
tion that environmental stress can result in
detectable shifts in benthic community structure.
Change was manifested not only in diversity and
number of individuals but in productivity {the
inherent reproductive capacity of a community)
as well, production declined from 90 g m? yr
before dredging to 31 g/ m2:yr after. It is not
known whether the embayment returned to its
original state following the impact of dredging.
Taylor and Saloman (1968), however, noted a
similar loss in benthic productivity following
dredging operations in Boca Ciega Bay, Fl., and
in similar situations the benthos has been
permanently impacted because of altered flow,
reduced dissolved oxygen, and change in sediment
type.

Benthic assemblages in l.ong Island Sound
have been studied by Sanders (1956). Rhoads
(1972, 1973a,.bh.c.d), Y’Agostino and Colgate
(1973) and more recently by personnel of the
Division of Environmental Assessment, NEFC
{Reid, Frame, and Draxler 1979} Sanders (1956)
reported a total of 135 taxa coliected at eight
stations in the sound. The more recent investiga-
tion by the NEFC sampled 142 stations and found
Polychaeta, Mollusca, and Anthropoda alone to
be represented by over 250 species. As did
Sanders” study, this investigation related the
species assemblages to generalized sediment
types. Again, many species common to Long
Island Sound have also been found throughout
much of New York Bight. Reid and associates
(1979) observed considerable difference between
the benthic assemblages found in the relatively
unpotluted eastern portion of the sound and the
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more heavily polluted western portion adjacent to
the highly industrialized CT shoreline and
metropolitan New York. Rhoads (1973d) recently
reported a significant decline in density and
diversity within a limited portion of central Long
island Sound that was initially attributable 10 a
widespread recruitment (ailure in 1973

A comparison of Sanders’ (1956} results with
those of the NEFC is of particular value in
demonstrating long-range changes in Long Island
Sound {Reid et al 1979). While some species were
present in about the same abundance after nearly
two decades, others had decreased in number and
occurrence. N, proxima, common at Sanders’
stations, was reduced in number in later collec-
tions. McCall (1977) found M. provimato be guite
stable in terms of abundance. Scemingly, this
deposit-fecding bivalve diminished at the same
time as the coot clam, Muldinia lateralis, became
extremely abundant. Sanders (1956) noted
Mulinia as making only an insignificant contri-
bution to the biomass in most of the area he
studied. Both O’Connor (1972} and McGrath
{1974} noted the abundance of Mulinia in
Moriches Bay and Raritan Bay respectively,
whereas, carlier, Mucula was the more abundant
species. Presently, it s not known whether this is
due to natural cycles or trends or to stresses
resulting from potlution. Boesch, Wass, and
Virnstein (1976) discussed the ephemeral irrup-
tions of Mudinia that have been noted by several
authors. As noted for other species by MeCall
{1977). Mulinia reproduces in large numbers,
Brows rapidly, and matures at an early age; thus, it
can function as an opportunistic species and may
show extensive temporal and spatial variations in
distribution and abundance,

Distribution and Abundance
of Important Species

Alter reviewing the data and results that have
emerged from recent benthice studies in New York
and Middle Atlantic bights (Garlo and Hondo
1973; Steimile and Stone 1973; Garlo and Saffian
1976, Maurer et al 1976, McDonough 1976;
Pearce ¢t al 19764, 1977d; Boesch et al 1977;
Radosh ¢t al 1978:; Walker. Saila, and Anderson
1979: McNulty, in press). it is apparent that the
distribution and abundance of benthic inverte-
brates in New York Bight vary both spatially and
temporally, In spite of variations. however. it 1s
possible to depict the average distributions and
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abundances of several key species. These are
defined variously on the basis of (1) ubiyuitous-
ness, (2) numbers per station where they occur, (3)
biomass per unit area, and (4) importance as food
for human consumption or as key links in food
webs. Twenty-lour species are delineated by the
foregoing criteria.

Some of these taxa are distributed in ap-
proximately equal numbers from the sublittoral
zone to the edge of the shelf (Glvcera, Lumbrineris
tenuis, Spiophanes, and Tharyx). In other
instances, the greatest abundance and most wide-
spread distributions occur ¢ither inshore in the
apex and coastal waters (Nephtys incisa, Nucula,
and Spisula) or offshore (Astyris and Scali-
bregma). In most instances, distribution patterns
can be related to sediment types: Nuwcula is aimost
invariably found in muddy sediments or areas
having high organic loading. Conversely, a species
such as Tellina is most often associated withclean,
inshore sands. Spiophanes and Tharyx were
observed associated with a wide range of sediment
types although their highest densities per unitarea
may reflect colonization of optimum sediment
types. The distributions of sediment types in New
York Bight are given in Schice and Sanko (1975).

The distributions of key species are indicated
in Maps 5 to 27. With the exception of Maps 24
and 25. the information given is largely based on
single Smith-Mclntyre (0.0 m?) grab samples
taken guarterly, 1973-74. Maps 24 and 25 are
based on hydraulic clum dredge collections made
during June 1974, in which conversions of data
from bushels; tow 1o numbers; m? were made for
display on the maps.

Where benthic data on important species are
available from other sources, such information is
indicated by symbolis on specific maps. The
symbols indicate the location of stations, average
number of individuals; m? of a particular species
at the stations, and the source of information.
Because of the various devices used to collect and
sort benthic samples by other investigators, and
the general lack of calibration, we have not
contoured data that were not generated by NEFC
personnel using standard methods of collection,
analysis, and presentation.

Several investigators have compiled data and
summarized the distributions of the higher taxa of
benthic inveriebrates. Wigley and Theroux (in
press) presented information on numbers of
individuals and biomass of invertebrates ac-
cording to higher taxa collected at several



hundred locations on the mid-Atlantic contin-
ental shelf between Cape Cod and Cape Hatteras.
They reported that the number of individuals in
New York Bight was intermediate between that
found in their New England subarca and the
Chesapeake Bight subarea. The overall average
for New York Bight was 1,254, m?, whereas the
averages for southern New England and Chesa-
peake Bight waters were 2.360 and 1.057 m-
respectively. The highest densities were found in
shallower waters of 0 to 24 m (0 to 78 {t) depth.
Again, these authors found considerable spatial
variability in numbers of individuals; 752 and
442: m? on the shelf at water depths between 25 to
49 m (82 to 161 1) and 10010 199 m (328 to 653 1)
respectively. Such variability could be accounted
for by using data taken trom collections made at
different times of the year. The data provided by
Wigley and Theroux (in press) on relative biomass
and mean numbers of individuals {(by major
taxonomic groups) for several water depths arc
given in Tables 3 and 4. Their data indicate that

bivalve molluses contribute overwhelmingly to
total numbers ot individuals and bromass tn
inshore waters of less than 24 m (79 1),

The detailed patterns of distribution and the
ceology of many important benthic species in New
York Bight have been largely unknown (Prarn
1973). The adults of certain commercialiy im-
portant benthic species including Spisela soliclis-
sima and Arcuca istandica, have been studied
intensively and their distribution and abundance
plotted (Ropes 1968 Mernil and Ropes 1969
Ropes, Chambertam, and Merrill 1969}, Smaller
species with no commercial value have not been
considered until recenth . It s interesting that the
patterns of occurrence of species collected durnmg
the NEFC outer continental shelt {OCS) eruise
were similar 1o those of species vollecied on a
separate BLLM cruise {Boesch, Kraeuter, and
Serafy 1977).

Maps B, 23, and 25 indicate that many
benthic species avoid or are nolerant of the
conditions that existin the Christizensen Basin of

Table 3. Mean biomass measured in g/m? listed by major taxonomic groups for each batnymetric {depth) class,

representing the Bight subarea

Taxonomic group

Bathymetric class {meters)

0-24 25-49 50-99
g/m? g/m? g/m?
COELENTERATA 2.956 0.380 0439
Anthozoa 2.716 0.330 0.415
NEMERTEA 2048 0.711 0.183
ASCHELMINTHES — <0.00% 0.001
Nematoda -—  ¢0.001 0.001
ANNELIDA 31180 7.980 11.257
SIPUNCULIDA — 0.116 0.858
MOLLUSCA 710.785 41.072 131.048
Gastropoda 7.897 0.426 1.073
Bivalvia 702.888 40.646 120944
ANTHROPODA 23.438 5.669 5.667
Crustacea 23.430 5.669 5.667
Cumacea 0.017 0.014 0.127
Tanaidacea — — —
Isopoda 0.075 0.B74 0.394
Amphipoda 2678 2.831 4.579
Mysidacea 0.016 0.004 (0.0
Decapoda 4,458 1.947 0.565
ECHINODERMATA 32.851 66.242 8.434
Holothuroidea 0.132 0.146 0.629
Echinoidea 25864 65.592 7.472
Ophiuroidea 0.435 — 0.184
Asteroidea 6.420 0.505 7.244
Sopurce. Wigley and Therpux, In press

100-199 200-499 500-999

1000-1999 2000-3999

g/m? g/m? g/m? g/m- g/m’
7.119 0.551 0.966 0.164 0.625
7.092 0.551 0963 0 164 0.625
0.152 0.011 0.003 - 0.002

- 0.002 0.003 0.006 —

— 0.002 0.003 0.008 —
3956 10.350 3.149 0.894 0.723
0522 0.934 0.083 0.194 0.007
2.738 2.264 1.01 0.515 0.226
0.167 0.346 0.133 0.030 0.014
2.507 1.708 0.687 0.469 0.199
1.162 0.163 0.113 0.110 0018
1.162 0.163 0.113 0110 0018
0.080 0.016 — 0.006 0.007
— _ - 0.003
0.234 0.076 - 0.002 —
0.059 0.068 0.113 0.002 0 007
— 0.002 — — —
0.789 — - 0 100 -
19.354 2.590 1.154 3459 2472
0.098 D.571 0.013 2.487 1.806
14.844 0.226 — - -
4.246 1.790 1,141 0.724 0.567
0.781 0.002 — 0.248 -



1 apex. Undoubtedly, toxic substances
petrolcum-derivcd hydrocarbons and
etals found in the sediments of the basin

the Bigh
such as
heavy M

affect the distribution and abundance of many
species and populations. This, in turn, influences
community structure and function.

Table 4. Mean number of individuals/m? by majortaxonomic groups for each bathymetric (depth} ciass, representing

the Bight subarea

Taxonomic group

Bathymetric class (meters)

0-24 25-49  50-99 100-198 200-499 500-999 1000-1999  2000-3999

No/m? No/m? No/m? No/m? No/m? No/m? No/m? No/m?
COELENTERATA 19.54 6.06 4.42 9.33 7.51 10.29 1.80 158
Anthozoa 8.28 1.41 3.02 7.33 7.51 10.00 1.80 158
NEMERTEA 3.30 417 2,55 1.78 0.50 0.29 — 0.17
ASCHELMINTHES — 0.04 0.13 — 113 0.29 0.60 —
Nematoda — 0.04 0.13 — 113 0.29 Q.60 —
ANNELIDA 111952 13660 26594 127.22  112.88 43.43 24.10 7.33
SIPUNCULIDA - 0.50 4.32 4.89 7.50 1.29 2.80 0.50
MOLLUSCA 652.31 5494 10988 117.87 86.00 12943 23,60 20.66
Gastropoda 62.46 431 5.38 44.44 12.25 31.29 a.80 233
Bivalvia 589.85 50.63 102.61 68.99 64.25 86.00 18.40 17.83
ANTHROPODA 488.05 49213 978.18 48.67 22.89 457 1.20 217
Crustacea 487.24 49213 978.18  48.67 22.89 457 1.20 217
Cumacea 2.07 3.38 25.27 13.78 2.38 —_ 0.6 0.75
Tanaidacea — — —_ —_ — —_— —_ 0.33
nopoda 543 21.73 13.69 2.44 213 — 0.20 —
Amphipoda 171.09 45910 93210  23.78 18.13 4.57 0.20 0.92
Mysidacea s 017 0.04 — 0.25 — —_ -
Decapoda 20.41 1.75 6.93 8.87 — - 0.20 —
ECHINODERMATA 120.65 38.79 10.84 12567 13.75 3.00 2.70 3.33
Holothuroidea 1.07 0.04 0.77 1.11 6.50 0.29 0.40 0.50
Echinodea 11804  38.44 508  0.89 0.25 - — —
Ophiuraidea 0.81 - 359  123.00 6.75 2.71 210 283
Asteroidea 0.93 0.31 1.40 0.67 0.25 - 0.20 —

Source Wigley and Theroux, in preas



Following is a discussion of the natural history of
the benthic invertebrate species important in New
York Bight. Life history studies of these key
species are an essential contribution and must be
increased in the future,

Distributions of the following 24 species are
plotted on Maps 5 to 27.

Class Anthozoa (sea anemones)

Ceriantheopsis americanus. This burrowing sea
anemone is abundant in fine sediments of the
Bight (Map 5). It is able to withdraw rapidly into a
mucus tube that it constructs from its own
stinging cells and is thus able to avoid being
preyed upon by finfish. The tube may also confer
protection from stressed environments since
Ceriantheopsis occurs in the sewage sludge
disposal area of the apex {National Marine
Fisheries Service 1972).

Class Polychaeta (marine annelids)

Scatibregma inflatum. The Scalibregmidae are
rare worms, not well known. They are found in
muddy areas where they burrow in the surface
layers, feeding on detritus. In a qualitative survey
of the Middle Atlantic shelf, Scalibregma infla-
tum was found to occur predominantly north of
the Hudson Channel in finer sediments between
the 15 and 100 m (164 and 328 f1) contours (Wigley

Biology of Important Species

and Theroux, in press). In our study, they were
found in significant numbers only in oftshore
areas (Map 6).

Curtis (1977). in Greenland, observed a
summer or autumn breeding penod in Scafi-
bregma inflatum, followed by a direct larval
development.

( Nephivs bucera)

(Nepiirvs incisa)

Nephtys incisa and N, bucera. Species of the
family Nephtyidae live in all grades of sand or
muddy sand. They are very Lively worms, bur-
rowing actively by means of an eversible proboscis
that can be distended by coelomic fluid.

Nephtrs incisais probably the most well-known
representative of the lamily: a common and
abundant species on muddy bottoms, usually
associated with the bivalves Nucula and Yoldia
(Sanders 1958, 1960), it grows to several centi-
meters in length. As shown in Map 7. N. incisais
most abundant in marginally polluted environ-
ments in the apex. It is highly tolerant of some
environmental stresses (Jones 1955, Weber 1971)
and is physiologically equipped for infrequent
feeding and long periods of starvation (Clark
1964). Nephtvs bucera, on the other hand. preters
more sandy sediments (Map ).

Until recently, it was thought that all
nephtyids were carnivores, but Sanders {1956,
1960) found N. incisa in Long lIsland Sound and
Buzzards Bay to be nonselective deposit feeders.
Sanders, however. did not deny that V. incisa was
capable of acting as a carnivore under certain
conditions. Day (1967} believes nephtyids to be
selective omnivores.

As a prey item, N. incisa has been found tobe
the principal annelid in the diet of haddock
(Wigley and Theroux [965}).



N. incisa spawns year-round in Long Island
Sound with peaks in early spring and late summer
(Sanders 1956). Specimens of V. incisa with eggs
have been found off Massachusetts in August and
young specimens of 28 1o 32 segments have also
been found in August off Maine (Pettibone 1963).
N. incisa does not brood its young, but produces
large numbers of plan ktotrophic larvae (103ta 10¢
per female) that undergo a long pelagic develop-
ment. Time to maturity is unknown {Thorson
1946; Sanders 1956; Clark 1961, 1962).

Glycera dibranchiata. Glicera dibranchiaia, the
bloodworm, is a principal commercial bait worm.
[t grows to a length of 510 mm (20 in) and is

harvested extensively from the mud flats of Maine .

and other Gulf of Maine areas. There it supports a
multi-million dollarindustry. In the Bight, itis not
commercially harvested, but is coilected by
recreational fishermen.

Glveera possesses a strong, muscular pro-
bascis, armed distally with four equally spaced
jaws. Both Day (1967) and Fauchald (I‘_J'??)
agreed that glycerids appear to be mainly
carnivorous for very little sand is ever found in the
gut, however, Sanders and associates (1962)
believed glycerids to be omnivores, Klawe and
Dickie (1957) classified them as detritus feed‘ers
and Adams and Angelovic (1970), in a feeding
experiment using Carbon-14, also found dctrllus
to be an important food source. On the basis ‘of
morphology, glycends are prpbably prlmal_'lly
carnivores, but capable of using other fgc_dmg
modes under certain environmental conditions.

0

As shown in Map 9, they are widely distributed in
soft sandy or muddy substrates.

Klawe and Dickie {1957), in Nova Scolia.
observed the breeding season of . dibranchiata
to be restricted to a few weeks in spring. the peak
of spawning taking place mid-May. while Simp-
son (19624.h), in Maryland, observed both an
autumn and late spring breeding season. Adults
die after spawning. The larvae are planktonic for a
short time before becoming transformed into
bottom dwellers, An interesting observation made
by Klawe and Dickie (1957) was that Glvcera docs
not grow in summer months. Such a finding is in
direct contradiction to almost every other
temperate or boreal invertebrate studied.

Goniadella gracilis. All members of the family
Goniadidae have well-developed jaws and pro-
bably most species are predators or at least
carnivores since very little sand is ever found in the
gut (Pettibone 1963; Day 1967). They make
temporary burrows in sand, but like their pelagic
descendents, they are all active worms (Dales
1963).

Wigley (1956) reported that Gonigdella
gracilis has been found in the stomachs of
haddock off Georges Bank.

Little is known about the reproduction and
growth of Goniadella, however, Pettibone {1963)
stated that they become modified into a free-
swimming reproductive stage or epitokous swim-
ming form when sexually mature. Goniadella is a
common species in our study, occurring ingreater
numbers offshore (Map 10). It may be very
tolerant of oxygen depletion because.it was
abundant at heavily impacted stations during the
1976 New York Bight oxygen depletion pheno-
menon (Steimle and Radosh 1980).



(Clymenella zonalis)

{(Clvymenura dispar)

Clymenella zonalis and Clymenura dispar. Both
Clyvmenella and Clymenura are members of the
family Maldanidae (bamboo worms). They are
highly specialized burrowers, occupying vertical
tubes going down 8 to 30 cm (3.) to 12 in) in the
sedimerit. They ingest diatoms, blue-green algae,
and detritus at the open base of the tube and
eliminate waste products at the tail end a few
millimeters above the sediment surface (Sanders
et al 1962; Day 1967).

Eggs of maldanids are incubated in mucus
cocoons attached to the entrance of the burrow
and the larvae escape at a fairly late stage of
development remaining near the bottom (Newell
1951; Day 1967).

In ourstudy, these polychaetes were collected
in large numbers only in offshore areas (Maps 11
and 12).

Spiophanes bombyx. Spiophanes is a small,
discretely motile, burrow dwelling surface deposit
feeder, possessing on its head a pair of long

peristomial palps stretched out over the sub-
stratum to gather food particles. These particles
travel along a ciliated groove to the lips where they
are sorted and the smaller edible particles
ingested; however, this sorting mechanism does
not appear to be efficient because the put contains
many sand grains as well as detritus.

Spiophanes, as well as most other spionids,
lays large eggs enclosed in tough egg-capsules.
Depending upon environmental conditions, these
may be liberated directly.into the seawater so that
all development takes place in the plankton, or
they may be protected inside the burrow during
early development (Day 1967).

This species 1s ubiguitous in the Bight apex
and offshore, particularly in orpanically enriched
sediments (Map 13).

Tharyx acutus. Tharyy is a small, sluggish, mud-
dwelling deposit feeder that commonly buries its
hody just below the surface of the sediment,
leaving only its palps and tentacular filaments
visible (Day 1967).

Little is known of its reproductive biology in
the Bight area, but it is very common, occurring in
great numbers both inshore and offshore, par-
ticularly where muddy sediments occur (Map 14).

Lumbrineris tenuis. Lumbrineris tenuis has been
collected in bottoms of gravel with shells, mud,
compact mixtures of mud and sand, and gravel
with sponges, shells, amphipod and worm tubes
(Pettibone 1963). L. renuis is found in approxi-
mately equal numbers inshore and offshore ( Map
15). The Lumbrineridae, in general, are thought to
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be carnivores, however, Sanders and associates
(1962) found sand, diatoms, and detritus in the
stomachs of L. fenuis, suggesting that it may also
be a deposit feeder,

In Massachusetts, in June, gelatinous masses
with eggs and larvae were found in the form of
spherical masses attached to the surface of the
mud (Pettibone 1963). The early development of
Lumbrineris sp. from Newport, R1, described by
Fewkes (1883), may also refer to this species. In
his study. eggs were found in all stages of growth
during June, July. and August. Early develop-
ment took place within the gelatinous egg masses,
after which crawling, nonpelagic farvae emerged.

Pherusa affinis. Pherusa is a sedentary, mud-
dwelling, deposit feeder, reaching about 75 mm (3
in) in length; it uses its large paips to collect food
particles from the surface of the sediment. It is
tolerant of reduced levels of dissolved oxygen and
its coarse epithelium protects it from adverse
environments (Map 16).

No reproductive information for this species
was found in the literature, however, Phillip
Fallon (Equitable Environmental Health, Wood-
bury, NY, personal communication) found the
peak reproductive periods for P affinis in the
Bight 1o be spring and autumn, with some
recruitment almost all year.

Capitella capitata. Capirefla capivara is a small
burrowing deposit feeder, most commonly fo.un'd
in fine sediments. Capitella 1s an opportunistic
species, resistant to incrcascd_cppccnlralmns of
phosphates and reduced chlorinities. moderately
resistant to oxvgen stress. and capable of repro-
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ducing quickly and invading arcas where defau-
nation due to natural or man-made causes has
taken place (Reish 1970; Grassle and Grassle
1974). Thus, when found in large numbers, they
are good indicators of stressed or polluted
conditions. In the Bight apex they are extremely
abundant in areas heavily impacted by sewage
sludge (Map 17). Studies of environmental
variables likely to affect the distribution of C.
capirara suggest that a high organic content 1s
most important. This is probably because the
worm does not possess the enzymes to digest plant
material and thus relies on consumption of
microorganisms or direct absorption of micro-
organism-associated amino acids for nutrition
(Stephens 1975, Warren 1977}

Curtis (1977) studied the reproductive
biology of C. capitata in Greenland. He found
adults brooding eggs and carly unsegmented
larvae within tubes from April to June. Ras-
mussen (1956, 1973) found two separate modes of
development in the Isefjord where the larvae
developed nonpelagically during the winter within
adult tubes, but in summer, eggs were protected
within the brood for only 10 to 14 days before a
free-swimming stage emerged. Reish (1965)
described a single specimen from the Bering Strait
that incubated eggs within the parental tube
during July,

Class Crustacea: Order Amphipoda

Unciola irrorata. Unciola typically inhabits 1ubes
of other organisms, In a shelf-wide survey of the
Middle Atlantic Bight, Dickinson and associates
(1980} found Unciola irrorata in all sediment
types throughout the Bight to a depth of 200 m
(656 feet). In this study, it was the dominant am-
phipod species in the Bight (Map 18). lts mouth



parts are adapted for feeding on algae or detritus.
Unciola has an annual life cycle with egg-bearing
females present March to July, one brood per
fernale (Bousfield 1973).

Wigley and Theroux (1965) report U. ir-
roraia to be a principal food source for haddock.

P. wigleyi

Protohaustorius deichmannae and P. wigleyi.
Both species of Protohaustorius are small (1.3 em
or 0.5 in long), free-living nontube building
amphipods. We found them to inhabit sandy
sediments (Map 19) as did Dickinson and
associates (1980). In their study, P. wigleyiand 7.
deichmannae occurred throughout the Bight in
sandy sediments at depths <80m (<262 fi); P.
deichmannae was limited to inshore (< 40m or
< 131 ft) locations. Both are filter feeders. P.
deichmannae has an annual reproductive cycle,
with egg-bearing females present May to August;
more than one brood is produced per year. P.
wigleri also has an annual life cycle, with egg-
bearing females present April to August (Bous-
field 1973).

Class Crustacea: Order Cumaces

‘231_':5{_ T~

e,

Diastylis quadrispinosa. The Cumacea. small
shrimp-like crustaceans, are primarily decpwater
forms (Map 20). They live partially buried in
bottom sandy or muddy sediments. In Diastyiis,
the inhalant respiratory current, while passing
over the mouthparts, is filtered for food particles
by setae (Dennell [934).

Swarming behavior is charactenstuc of many
cumaceans. Large numbers, particularly males,
leave their burrows, chiefly at night, and swim to
the surface. This swarming may be an adaptation
that facilitates mating. Eggs are carried in the
marsupium of the female and each hatches as a
postlarva in which the last pair of legs is
undeveloped (Barnes 1963). Wigley and Theroux
(1965) reported Diastyiis quadrispinosa to occur
regularly in small quantities in the diet of
haddock.

Class Gastropoda (Univalves — snails)

Astyris dissimilis. 4s/yris dissimilisisa0.6cm (0.2
in) long. deepwater “dove shell” (Map 21).
According to Abbott {1968). they feed primarily
on soft algae or detritus, However, Hunter and
Brown (1964) and Young and Rhoads (1971a),
reporting on a related genus and species. Mitrella
funara, classified them as carnivores, preying on
small sessile invertebrates. Their eggs are released
in pill-shaped capsules {Abbott 1968).

3



Class Pelecypoda (Bivalves — clams and
mussels)

Nucula proxima. The small, 0.6 c¢cm (0.2 in) in
diameter clam, Nucula proxima, is the most
common bivalve in the Bight apex. It occurs in
soft sediments, in particularly large numbers in
marginally polluted areas (Map 22). It is spora-
dically mobile, normally lying just below the
sediment surface feeding on the sediment im-
mediately beneath it by means of long appendages
derived from the palp. Only fine particles are
moved along the groove to the palps where they
are passed by cilia to the mouth. Nuculda is thus a
selective deposit feeder (McCall 1977).

Nucula proxima exhibits no egg protection,
larvae are lecithotrophic, feeding on stored yolk,
and have a short pelagic development. Time to
maturity is unknown (McCall 1977).

Telling agilis. This small(1.3t0 1.9¢cmor0.5100.7
in) clam is widely distributed in our study area,
inhabiting sand or muddy sand (Map 23). 1t isa
mobile. surface deposit feeder; sand. diatoms, and
detritus have been found in its stomach (Sanders
et al 1962; McCall 1977). The larvae of Teflinaare
plankiotrophic. with a long pelagic development.
Time to maturity is unknown (McCall 1977),
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Artica islandica. The ocean quahog, Arctica
islandica, is a large (8 to 13 c¢cm or 3 to 5 in) clam
that superficially resembies the hard clam,
Mercenaria mercenaria. However, the dark
brown periostracum (horny external covering) of
Arctica is the distinguishing characteristic,

The ocean quahog is a cold water species
found on soft bottoms from northern Europe,
fceland, and Atiantic Canada to the Middle
Atlantic Bight, Results of NMFS surveys show
that it is found at depths from 18 to 27 m (59 to 89
ft) to the shelf edge off New Jersey and the
Delmarva Peninsula, and in scattered patches
from 37 m (121 f1) off Virginia. While the
shoreward boundary has been well established,
distribution and abundance offshore is not well
known (Map 24).

The biology of the ocean quahog differs
considerably from that of the other commercial
clams, Arctica has very short siphons and is a
shallow burrower. It 1s a filter feeder with the
capacity to filter large amounts of water (Winter
1969).

The reproduction of an ocean gquahog
population off Rhode Island was studied by
Loosanoff (1953). Rapid gonad growth took place
during spring and spawning began at a tempera-
ture of 13.5°C (56.3°F) in late June or early July
and continued into October. Landers (1972)
found that metamorphosis of the planktonic
larvae occurred when they were about 200 u in
length, after he had reared them at 10°C (50°F)
for about 60 days. His attempts to ripen clams out
of season met with limited success.

According 1o Merrill, Chamberlin, and
Ropes (1969), it is not possible to estimate the age
of adults. However, obvious annual rings suggest
that commercial size individuals are more than
10 years old.



The shoreward distribution of this species is
limited by higher temperatures. In the southern
part of its range it is rarely found within the
17.5°C (63.5°F) maximum isotherm as drawn by
Walford and Wicklund (1968). In the laboratory,
the upper lethal limit for fully acclimated Rhode
Island animals is about 24°C (75.2°F); the ocean
guahog is active at temperatures as low as 0°C,
(32°F), but activity decreases above 18°C or
64.4°F (Saila and Pratt 1973),

Although this species 15 occasionally found
on silt-clay bottoms (Arcisz and Sandholzer 1947,
Bureau of Commercial Fisheries 1970), it is most
abundant on silty sand and stable fine sand
{Turner 1949; Parker and McRae 1970). It is not
known whether the larvae exhibit substrate
selection.

The ocean quahog industry has developed
more slowly than that of the surf clam. It was not
until the 1970s that a vigorous commercial
quahog fishery developed, primarily to supple-
ment diminishing supplies of more desirable
clams. Rinaldo (1977) recently estimated an
annual sustained yield of ocean quahogs of 39,000
metric tons of meat,

Spisula solidissima. Spisula solidissima, the surf
clam, is the largest bivalve mollusc in the Middle
Atlantic Bight with commercial size individuals
about 12 to 15 cm (4.7 to 5.9 in} in length, Its
geographic range is from the Gulf of St. Lawrence
to Cape Hatteras,

The distribution of the surf clam within our
study area is well known as a result of NMFS
surveys (Map 25). North of Hudson Channel it is
abundant to depths of not more than I8 m (59 {t).
It also occurs on coarse bottoms of Georges Bank,
From New Jersey south, populations extend to
depths of 46 m (151 fi). Very dense beds at an
average depth of {2 m (39 ft) occur off Point
Pleasant and Cape May, NJ. The beds of
Delmarva Peninsula form a band 24 to 48 km (15
to 30 mi) off the coast at a depth of 27 to 35 m (89
to 115 ft) and currently support the bulk of the US
fishery.

Abundance of this clam 15 strongly correlated
with the occurrence of coarse scdiments. Parker
(1967) and Parker and Fahicn (1968) reported
that catches in gravel were 2.5 and 2 times those in
sand, and 5.5 and 3 times those insilt-clayv. It is not
known whether surl clam larvie show selective
settling in coarse sediments. FTheir size and
burrowing ability give them obvious advantage
over other bivalves in unstable substrates.

Spisula is a filter feeder; it lies near the
sediment surface and extends short fused siphons
into the water. The food of larval Spisela consists
of diatoms, green algae, and naked flagellates
(Hirano and Oshima 1963).

Surf clams have a large toot and a tight and
relatively slender shell and can burrow rapidly in
unconsolidated sediments. Surf clams may come
to the surface and perform leaps of several feet
when under stress of crowding or predator attack,
Predators of this clam include the moon snails
Lunatia heros in decp water and Polinices
duplicgrus in shallow water. Smaller surf clams
provide food for fish, including cod and haddock.
and for diving ducks.

According to Ropes (1968), sexes are separate
in Spisula and 1t has been reported that two
spawnings occurred in three successive vears off
New Jersev: a major one from mid-July-August
and a minor one mid-CGctober-November, In a
cool year (1965), a single spawning was observed
September and October (Ropes et al 1969).
Larvae took 19 davs to reach setting size in the
laboratory at 22°C or 71.6°F {L.oosanoff and
Davis 1963).

Initial growth is rapid: clams can grow to 4.4
cm (1.7 in) by the end of their first year (Yancey
and Welch 1968). Clams rcach commercial size of
about 12,5 cm (4.9 in) in 510 6 vears, after which
they grow at 4 much slower rate tor as longas 17
years, Maximumsizeisonly 7.5t0 [0 cm {3to 4 tn)
off Capc Cod but s about 17.5 ¢cm (7 in) from
Long Island south.

The modern fishery that developed after
the second world war utilizes highly developed,
efficient hydraulic dredges. Yearly landings of
surf clam meats for 1978 off New Jersey totalled
6,904 metric tons, which sold at a price of about
$1.093 per metric ton (Current Fisheries Statistics
1978). This was a drop from five vears before
when total NJ landings were 9.790 metric tons,
which sold at a low price of about $277 per metric
ton (Current Fisheries Statistics 1973}

The surf clam is particularly well adapted to
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withstand mechanical stress, however. little is
known about its ability to withstand pollutants
either as larvae or adults. Forexample, during the
1976 New York Bight oxygen depletion pheno-
menon, thousands of Spisula were found dead
during surveys, with only some recolonization by
Juveniles reported in summer 1977 (Steimie and
Radosh 1980).

Class Echinoidea (sand dollars and sea
urchins)

Echinarachnius parma. The common sand dollar
occurs in the waters of the western North Atlantic
from Cape Hatteras to Labrador and Greenland
and in the North Pacific (Mortensen 1948:
Durham 1955). It is adapted for life in high
energy, unstable environments and, within its
range, is commonty found on clean sandy bottoms
below low tide level to depths of up to 1,600 m or
5,250 ft (Mortensen 1948; Map 26). In this habitat,
it burrows just beneath the sand surface. feeding
on microscopic organisms and detritus, particu-
larly diatoms (Coe 1972). It grows slowly,
approximately 110 2cem/yr (0.4t00.8 in/yr) and
attains a maximum size of about § cm or 3.1 in

-

(Lohavanijaya 1964). The breeding cycle of E
parma is variable: in the Gulf of Maine it spawns
in late autumn (Cocanour and Allen 1967}, near
Woods Hole during early summer (Costello et al
1957), and possibly throughout the vear in New
York Bight (Graef 1977). Sand dollars are of Little
economic importance: some arc dried and sold as
ornaments, but they are considered an important
food source for bottom fish such as flounders,
cod. and haddock, and for lobsters.

Phylum Phoronida

Phoronis architecta. Phoronis is a small worm-
like organism, common in muddy and sandy
sediments surrounding waste disposal areas (Map
27). Like the burrowing anemone. Cerianthe-
opsis, it forms a tube that acts to protect the
worm from the possible toxins in the environ-
ment. It is also a suspension feeder and probably
does well in environments characterized by a high
organic content.

P. architecia has been regarded as a herma-
phrodite, but Hyman (1959) questioned this view.
Fertilization is external. No brooding occurs. with
eggs hatching as actinotrochs, free-swimming
ciliated larvae (Gosner 1971). After several weeks
of a free-swimming planktonic existence. the
actinotroch undergoes a rapid metamorphosis
and sinks to the bottom, where it secretes a tube
and begins its adult existence (Barnes 1963).



Distribution and Abundance of Key Benthic Invertebrates

Maps 5 to 27 show the distribution of important
benthic invertebrates in New York Bight and the
Bight apex. They are based on benthic grab
samples with the exception of Map 24 and
portions of Map 25 which were generated from
hydraulic clam dredge collections made during a
shellfish assessment cruise, June 1974,

The contoured areas in the Bight apex
represent numbers of individuals/m? averaged
over five year-round seasonal cruises from August
1973 1o September 1974. The other centoured
areas in the outer Bight represent average
numbers of individuals/m? collected during an
April 1975 outer continental shelf study and a
May 1974 Baltimore Canyon Trough study. Only
data collected and analyzed by personnel of the
Northeast Fisheries Center (NEFC) have been
used to develop contours showing relative
abundance and distribution.

The abundances of certain species at stations
outside the contoured areas are given on several
maps. The principal investigators for the stations
are indicated by symbols. The number associated

with a particular symbol on the maps indicates the
average number of individuals m? of a species
reported for the area. The following legend
indicates the investigator(s) for the various
stations:

O Boesch et al 1977 (Data used were
collected at four stations located on the inner
shelf off New Jersey: number of individuals, m?
averaged over (our seasons are plotted.)

a Garlo and Saffian 1976 (Total average
numbers of individuals; m? for vear-round
data were used.)

* Radosh 1972-1973 (Data used are aver-
age numbers of individuals/ m* collected May
to November.)

m Steimle and Stone 1973 (Values used
represent a yearly average number of indi-
viduals; m=.)

@ Watling et al 1976 and Leathemetal 1976
(These data are average numbers of indi-
viduals/m* for a combination of May to
August samples,)
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Map 5. Ceriantheopsis americanus distribution and abundance
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Map 6. Scalibregma inflatum distribution and abundance
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ap 7. Nephtys incisa distribution and abundance

% 1-89/m2

%% 100-499/m?2

AT .
BAwEES ./I‘
S
Caa
Z/
b
- 7
CAPEL- - ,
. \, MAY ' R P
5 CAPE A ¥

- "y"-!
;7 HENLOPEN , 27
'-. . f - .’I

" | i .
1766":‘5’ /7 715° Jow 74 73
L

72

42—

392




Map 7. Nephtys incisa distribution and abundance
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Map 8. Nephtys bucera distribution and abundance
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Map 10. Goniadella gracilis distribution and abundance
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Map 11. Clymenella zonalis distribution and abundance
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Map 12. Clymenura dispar distribution and abundance
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Map 13. Spiophanes bombyx distribution and abundance
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Map 14. Tharyx acutus distribution and abundance
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Map 15. Lumbrineris tenuis distribution and abundance
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Map 16. Pherusa affinis distribution and abundance
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Map 17. Capitella capitata distribution and abundance
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Map 18. Unciola irrorata distribution and abundance
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Map 19. Protohaustorius deichmannae/P. wigleyi distribution and
abundance
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flap 20. Diastylis quadrispinosa distribution and abundance
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Map 21. Astyris dissimilis distribution and abundance
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Map 22. Nucula proxima distribution and abundance
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Map 23. Tellina agilis distribution and abundance
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Map 24. Arctica islandica distribution and abundance
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Map 26. Echinarachnius parma distribution and abundance
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Map 27. Phoronis architecta distribution and abundance
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Epibenthic Communities

1t is extremely difficult to sample effectively
organisms that settle upon and colonize hard
surfaces such as pilings, piers, rock outcroppings,
and wrecks. Consequently, communities of
fouling or epibenthic organisms are often poorly
known relative to the benthic infauna, particu-
larly on a quantitative basis.

A voluminous body of unpublished data
exists for an investigation of sampling sites
located near the Shrewsbury Rocks in New York
Bight off Sea Bright and Monmouth Beach, NJ
(Map 1). This study was designed to determine the
sequence and success of colonization of hard
surfaces by true epibenthic species. Pearce and
Chess (1971) gave some preliminary data on the
dominant organisms associated with the epi-
benthic commumity characteristic of Shrewsbury
Rocks, Their results suggest an intensive compe-
tition for available surface area by species such as
the hydroid. Tuhularia crocea, and the tube
building polychaete worm, Polvdora ligni. The
common mussel, Myrifus edulis, usurps the
surface area during the winter months when
Tubwlaria and Polvdora are less abundant.

Young and Frame (1976) reported on the
impact of thermal additions on estuarine epi-
benthic popuiations characteristic of Barnegat
Bay. a large estuarine embayment directly
connected to the Bight through the NJ shore.
Since they used the same methodology as Pearce
and Chess (1971), the species lists from the two
studies allow comparisons between typical offshore
sublittoral epibenthic communities and those
found in estuaries. Young and Frame (1976) noted
that at Barnegat Bay stations, faunal resemblance,
both between stations during a sampling date and
within stations from one sampling date to the
next, was low. Numbers of species were higher at
the discharge station than at the intake station
from late autumn to early summer and lower from
midsummer to early autumn, Overall differences
in diversity at the two stations could not be
detected. The optimum temperature for growth of
Balanus sp. was approached more closely during
winter in the discharge canal than in the intake
canal where growth was retarded by cold water.
Balanus eburneus appeared to have an extended

breeding season. Because of dilution of the
discharged water with cooler intake water
through a plant bypass system during the summer.
the effluent was not seriously harmful to amphi-
pod reproduction.

Therefore, it appears that considerable
temporal variation occurs in specics numbers at
both inshore, estuartne stations and at offshore,
sublittoral sites.

The recent NMFS census of Long Island
Sound did not consider the epibenthic forms
except where they occurred incidentally in the
grab or trawl sampies (Reid et al 1979). Richards
and Riley (1967) reparted on the benthicepifauna
of the sound collected monthly at two siations
with a modified oyster dredge. The stations were
located in two depths(9and 16to 17mor 29.5and
52.510 55,7 f1) off Charles Island, CT. Most of the
species found were infaunal forms representing
principally the Polychaeta, Amphipoda, and
Mollusca. While the authors actually did not
selectively sample the epifauna. their results offer
insights not reported upon by other investigators
in Long Island Sound. For instance. they noted
that although the scastur, Axteriay forbesi,
constituted 46% of the standing crops of the
epifauna. it contributed up to 87¢ of the
production of epifaunal biomass, The next most
abundant species, the common shrimp, Crangon
sepremspinosa, resulted in only 6.5 of the total
production of organic material. Further, large
amounts of organic matter flowed in directions
not directly useful to (he demersal fish — to
bacteria, nematedes, and starfish (Richards and
Riley 1967). Richards and Riley noted that
increased abundance or diversity of the fish
population in Long Island Sound cannot be
expected. The huge production of Asrerias forbesi
in the open waters, precludes the possibility of a
vigorous fish population of large individuals in
this area (Richards and Riley 1967).

Although numerous shellfish biclogists have
noted the inroads the predaceous seastars make in
bivalve populations, few have considered the
ultimate impact that this and similar dominant
epibenthic forms may have on finfish populations
in waters adjunct to the Bight.



Benthic Microbial and Meiofaunal Populations

To date, most investigations of benthic popula-
tions in New York Bight have emphasized the
bottom-dwelling macroinvertebrates — those
forms usually larger than | mm (0.04 in} in their
greatest dimension. However, the food webs that
culminate in the demersal finfish and larger
invertebrates also include microorganisms not
taken quantitatively with traditional benthic
sampling gear.

Bacteria

Buelow (1968) discussed the results of micro-
bial studies in the Bight emphasizing that sedi-
ments collected from the solid waste disposal
sites in the Bight appeared 10 be heavily con-
taminated with coliform bacteria. This initial
study was followed by additional investigations
by scientists of the Food and Drug Administra-
tion and NMFS. Preliminary unpublished find-
ings indicated that unusually high coliform counts
characterized the sediments that received solid
wastes, including both sewage sludge and dredg-
ing spoils (National Marine Fisheries Service
1972).

Several studies in the Bight suggest that
bacteria indicative of pollutants are distributed
seaward within the Hudson Shelf Valley (Frenke
1972, National Marine Fisheries Service 1972;
Babinchak et al 1977). The distribution of the
bacteria follows the same general pattern as
observed for the distribution of heavy metals

clevated values within the Bight apex with
reduced but still high values insediments collected
scaward within the Shelf Valley (Carmody et a!
1973). Babinchak and associates (1977) also
reported that faecai coliform bacteria were found
to the north of the sludge disposal site. When
plotted (Map 28) their data strongly indicated a
concentration of benthic coliform bacteria in that
portion of the Christiaensen Basin receiving
sewage wasles from several sources. The authors
stated that the finding of faecal coliferms in
sediments indicated faecal contamination of the
aquatic environment. even after their disappear-
ance from the water column.

Other bacteria, the lipolytic and proteolytic
forms. have also been identified as indicators of
polluted conditions due to sewage dumping
(Nitkowski, Dudley, and Graikoski 1977). Counts
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of these bacteria were two to four times higher in
areas deemed polluted than at relatively uncon-
taminated control stations.

Koditschek and Guyre (1974) investigated the
distribution of specific strains of bacteria. Their
findings indicated that asubstantial portion of the
microbial populations within the Bight apex are
characterized by resistance to specific antibiotics
and heavy metals, Subscquent to these studies,
Timoney and associates (1978) continued to
investigate heavy metal and antibiotic resistance
by bacteria in New York Bight. They found
resistant Bacillus sp. populations were much
greater in sediments containing high concentra-
tions of mercury and other heavy metals than in
sediments from further offshore where dumping
had never been practiced. They also reported that
ampicillin (antibiotic) resistance was greater in
bacteria strains collected from sediments near the
sewage sludge dump. Timoney and associates
concluded that antibiotic resistance in bacteria
results from selection pressures when the micro-
orgamisms are challenged by metals and anti-
biotics,

Continued study of the bacterial populations
in the Bight is essential, especially in relation to
food webs and the well-being of the fisheries and
their habitat. Recent studies, particularly those of
Fenchel and Ried| (1970), emphasized the unique
nature of anaerobic sulfide systems. Although
these systems are world-wide in distribution and
occur naturally, they also exist in situations where
sediments are greatly enriched by highly organic
wastes. How the development of such systems .
impacts upon existing benthic community struc-
ture is not known, but there can be no doubt that
benthic food webs are greatly affected by a
transition from typical aerobic surficial structure
to an anacrobic or reducing situation. More
important, bacterial action in conjunction with
organic loading may be responsible for significant
decreases in the amount of dissolved oxygen
available to marine organisms (Thomas et al
1976a.5.¢).

While all the sources of bacteria to account
for the elevated populations in sediments in the
Bight apex have not been conclusively demon-
strated, the dumping of sewage sludge and
contaminated spoils can. in part. account for
them. Timoney and assaciates (1978) provided



evidence suggesting a refationship between ocean
dumping of contaminated substances and the
presence of resistant bacteria. Finally, while
numerous surveys of indicator bacteria have been
made by the US Public Health Service in the
Bight, they have usually been found in large
numbers in the sediments and bottom waters, and
not in the surface layers as would be the case if
they were carried scaward by the frontal systems
emanating {rom the Lower and Raritan bays.

Protozoa

Small and colleagues at the University of Mary-
land. investigated the temporal and spatial
distribution and abundance of ciliated protozoans
in New York Bight (Soukup. in press). They were
able to conclude that several species of scutico-

ciliates occur in the Bight. both in the water
column and encysted tn the sediments. They
reported that benthic ciliates were almost wholly
absent from areas receiving sewage shudge and
dredging spoils. They suggested that heavy metals
and unusually fine sediments may preclude these
ciliates. In the water column, Uronena nigricarns,
Crelidium dimacronuclearum. and Crelidium
polvschizonucleanem were {ound in arcas con-
taminated with wastes; in contrast, $'ronenta
marinum was only found at apparently uncon-
taminated sites. The occurrence of scutico-cihates
in the waters over the sewage sludge disposal site is
most notable during warmer months when there
are few ciliates in the plankton and at other sites.
Small {1974) indicated that the arca surrounding
the sewage sludge dumpsite has studge assoctated
scutico-ciliates. Small felt that by the use of

Map 28. Faecal coliforms/100 mi of sediment in New York Bight
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special techniques, areas contaminated by sludge
could be identified through indigenous popula-
tions of ciliated protozoans.

Sawyer, Visvesvara, and Harke (1977) found
the amoeba, Acanthamoeba hatchetti, associated
with sediments from the area of Christiaensen
Basin that received sewage sludge from dumping.
This species has been associated with severe
pathology in laboratory animals. They did not
find this organism in sediments collected from 50
other stations, 16 to 45 km (9.9 to 90 mi)
offshore.

Sawyer, MacLean, and Ziskowski {1976)
have been investigating epibionts, species that
live on one another, found on the gills of benthic
decapod crustaceans. Based on preliminary
findings, the suctorian (protozoan), Ephelora sp..
was judged not to be present on animals collected
outside New York Bight-Sandy Hook Bay areas
where pollution input is minimal; it was, however,
frequently associated with lobsters and crabs
taken from the Bight and Sandy Hook Bay, areas
characterized by poliution loading.

There is evidence to suggest that the Bight
apex may be a center for disease of finfish and
shellfish. The causes of observed fin erosion and
necrotic exoskeletons may not be accounted for
by a single discase-causing microorganism
(Ziskowski and Murchelano 1975). Rather. it
appears that a complex set of abiotic-biotic
interactions account for disease syndromes in
benthic and demersal species,

Nematoda

While there have been relatively few compre-
hensive studies of the meiofauna in New York
Bight, Tietjen (1980) recently reported on the
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population structure and species composition of
the free-living nematodes in these waters. In his
summary, he reported on this class as it occurred
in various sandy sediments and noted that no
significant differences in density associated with
sediment type. organic carbon, or heavy metal
concentrations were observed. In medium sands
with low organic carbon and low heavy metal
concentrations the nematode fauna was charac-
terized by: (1) dominance by members of the
families Chromadoridae and Desmodoridae; (2)
low relative abundance of the fumily Comesoma-
tidae; and (3) high species diversity. In silty sands,
and also in medium sands with high organic
carbon and;or high heavy metal concentrations,
the fauna was marked by: (1) low relative
abundances of the Chromadoridac and Des-
modoridae: (2} high dominance of the Comeso-
matidae; and (3) low species diversity. In medium
sands, species diversity was significantly inversely
correlated with increased concentrations of
chromium, copper. lead, and sinc. However, no
such relationship existed in silty sands. Con-
taminated mediem sands were also marked by
high relative abundances of the comesomatid
Sabatieria pulchra, which may be able to tolerate
stressed sands much better than the normal
inhabitants of such sediments; species belonging
to the fapnlies Chromadoridae and Desmo-
doridac.

He concluded, tentatively, that certain taxa
that normally inhabit medium sands may be
especially sensitive to increased levels of heavy
metals and organic carbon. Conversely, certain
spectes of nematodes, normally inhabiting silty
sands, may increase in abundance in sediments of
a finer nature, as would result (rom the addition of
organic matter and silts,



In recent years., a principal motivahion tor
rescarch in the Bight apex has been the coneern
for the cffects of pollution, ocean disposal, and
cnergy development on living marine resources.
The results of carlier investigations indicated that
there are relationships between ocean disposal of
dredge spoils and sewage sludge, contaminant
input via estuarine discharge, and changes in the
physical chemical enviconment and animal
populations. including changes in benthic com-
munity structure and pathological anomalies in
invertebrates and linfish (Pearce 1972). Subse-
quent research has continued to demonstrate that
there are relationships between the overall levels
of pollution in the Bight apex and adjunct waters
and the development of discase i demersal and
benthic organisms ( Mahoney, Midlige, and Deucl
1973; Gopalan and Young [975: Young and
Pearce 1975, Ziskowskr and Murchelano 19735),

Various studies have shown elevated values
for heavy mictaly and petroleum hydrocarbons in
the Bight apex. Map 2% indicates that heavy
metads are greatly elevated i sediments of the
Right that receive rniverborne contaminants and
solid wastes Irom sewage sludge and dredged
materials, Similar findings have been made tor
Raritan Bay. Vidues shown on Map 29 represent
micropollutant indices that are a combination of
concentration values tor cach metal measured ut a
station into a single patameter. This parameter is
based on a logarithmic value of the ratio of the
product of metal concentrations at cach station
relative to a control or unimpacted reterence
station (Papakosudis et al 1975). As with the
micropoliutant indices, concentrations of organic
matter in the Bight (Map 30) follow the same
patterns observed for heavy metals. Thomas and
associates (1976A.¢} Tound patterns of seabed
oxygen consumption to suggest that seabed
oxveen consumption is highly influenced by the
sedimentation of oxidizable organic carbon to the
benthos. Some of the highest rates measured
occurred over the dredge spoils disposal area and
off Asbury Puark, NJ. ncar a municipal sewer
outfall (Map 31} Scabed oxygen consumption is
an effective tool in understanding specific
relationships between organic loading, total
oxygen consumption, and concomitant low
dissolved oxygen (hypoxia) events at the sedi-
ment - water inter{ace.

Community Structure and Ocean Disposal

The use of diversity indices (Shannon and
Weaver 1963) tor assessing the elfects of pollu-
tunts on benthic organisms has been reviewed in
Wilhm and Dorcos (1966)0 Cairns and Dickson
(1970, Haedrich (1975). Toagan and Maurer
(1975). and Stirn and assoviates (1975) Species
diversity is a relative value regarding the number
of species In a4 communits or association with
respect to the total number ol imdividuoals and
numbers of cach species. Danunant species are
those with Lurge numbers ot indinviduals, While
Logan and Maurer (1975) suggested that dana on
community structure cannotalwias s be ctearly and
briefly sumnuarized with the use of o diversity
index. many authors hinve found suech indices,
when used inconjunction with other ohsecsvations
or statistical anilyses, to be uselul tools in

Map 29. Micropollutant indices for
New York Bight apex stations
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Map 30. Averaged % values of soluble
organics in sediments taken during
five quarterly cruises, August 1973 to
September 1974

demonstrating environmental change or the
impact of pollutants.

Diversity indices have been calculated for
benthic communities sampied in the New York
Bight MESA and outer continental shelf (areas
located in waters deeper than 36 m or i I8 ft)
stations and for McGrath's Raritan Bay stations
{(Maps 32 and 33). Generally, those stations that
have sediments with a high micropoliutant index
and elevated organic matter are also characterized
by benthic assemblages with lowered diversity
indices. The distribution of several important
benthic species is also influenced by these
parameters (Maps 8, 23, and 25). As reported by
Stirn and associates (1975). with increased
pollution loading, benthic assemblages show
reductions in or elimination of nontolerant
species and even entire taxonomic groups.

Stations in Raritan Bay that receive large
amounts of domestic and industrial wastes via
runoff from the Raritian River and highly polluted
Arthur Kill. have sediments with extremely high
heavy metal and hydrocarbon values (Greig and

Map 31. Rates of seabed oxygen con-
sumption in the New York Bight apex,
collected August-September 1974

Note Values are in ml ol &./m*mr
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Source Thomas &1 al 1976

McGrath 1977; Koons and Thomas 1979). Other
reports also strongly suggest that Raritan Bay 1s
heavily contaminated with a variety of pollulants
(Federal Water Pollution Control Administration
1967).

When diversity values from the OCS stations
are compared with those in the Bight apex and
Raritan Bay (Maps 32 and 33), the OCS values are
regularly higher. The average index (H') for 64
stations in the apex was 1. 7; the average for 60
OCS stations was 2.3, Where OCS stations
showed reduced diversities, these could generally
be accounted for by large numbers of individuals
of certain species of polychaetes and amphipod
crustaceans, usually regarded as having highly
clumped distributions. Dominance of an area by
these types of organisms does not necessarily
result I a reduction in total number of indivi-
duals. However. in a stressed environment, this
situation usually results in a reduction in species,
subsequently reflected in a lower diversity index.
Moreover, where stress is induced by organic
loading or toxic substances, sudden increase in



Map 32. Species diversity (H'} of benthic macrofauna at New York Bight
apex (MESA) stations and on outer continental shelf {OCS)

stations

Note: Data estimated from Smith-Mclintyre grab
samples.

Source Pearce et al 197656

dominance, increase in numbers of a few indivi-
duals, and or reduced diversity. it can precede the
decline of a particular benthic community. It is,
therefore. important that in areas known 10 be
stressed by waterborne poliutants, dumped
wastes, or atmospheric inputs, continuous
assessments must be made for contaminant
loading and concomitant changes in biological
systems, including variations in populations and
community structure. For instance, Pearson
(1975, 1976) reported that organic enrichment of
sea fochs by paper mill effluents along the coasts
of Scotland and Sweden resulted in predictable
changes in benthic populations and community

structure. He discussed the sequence mn which
various benthic species appeared or disappeared
with organic loading of sediments and pollution
abatement.

The average diversity index for 61 stations in
Raritan Bay (Map 33) was 0.9, a low diversity
value. Thirteen stations in Raritan Bay were
characterized by samples containing no benthic
fauna recoverable by the techniques used (a
minimum screen size of 1 mm or 0.04 in). The
general trend of extremely low valuesin the highly
poliuted bay with increasing diversities seaward
outside the Bight apex suggests that pollution and
other forms of environmental deterioratien have
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markedly impacted upon benthic community
structure,

A special series of stations nested inside the
standard MESA Bight apex stations was sampled
to determine the impact of accumulations of
organic matter and other contaminants on the
benthos. These stations are nested within those
MESA stations having elevated micropollutant
indices and high organic content in sediments,
probably from high levels of plankton pro-
ductivity, riverine runoff, dredge spoil dumping,
and disposal of sewage sludge. Some stations in
this area are characterized by sediments having
extremely high levels of petroleum-derived
hydrocarbons (Pearce et al 19774}, The average
diversity index for these additional stations was
l.4, somewhat reduced when compared to the
average for all Bight apex stations.

Stations inside these heavily polluted. high
organic areas ol the Bight apex are characterized
by lower diversity and. in addition, often ex-
tremely large standing stocks of certain species
that can resist the stresses induced by large
amounts of organics. These species included the
bivalve, N. proxima, the polychaete, P. affinis.
and other detritophagous fecders found at
stations along transects immediately north and
south of and directly through the dredge spoil and
sewage sludge dumping grounds. As was found in
Raritan Bay, occasional grab samples from the
most contaminated area were found to be nearly
or totally devoid of all benthic macrofauna,

The seeming contradiction of increased
organic pollutants and elevated standing stocks of
certain species can be explained as a continuum
often observed with progressively increased
loading of aquatic systems with toxic or oxygen-
consuming materials. Certain species known as
“opportunists” actively occupy such areas ini-
tially, where other less tolerant species cannot
survive or cannot make maximum use of available
resources. The latter species diminish or disappear,
permitting rapid recruitment of the opportunists
due to reduced competition for space and food. As
poliutant toading increases. however, orif certain
physical/chemical conditions change, even the
populations of tolerant species will become
greatly reduced, resulting in further reductions in
diversity, even to the point of complete elimina-
tion of all macrofaunal species.

Recently, several research groups have been
involved with more complex analyses of benthic
samples collected from the heavily polluted New

York Bight apex. Walker and associates (1979)
used multivariate statistical techniques that allow
analyses of scveral varables and the relationship
of them to each other, to relate principal species to
strata that were defined (post-collection strati-
fication) on the basis of sediment type (mean
particle size), percent organic matter insediments,
and total concentration of certain heavy metals.
Rare species collected during quarterly cruises
were not considered in their analysis. Nor were
certain marine species regarded as important
indicators of pollution (Capitella capitata).
because while such forms are found in the apex
study area. they occur in extremely variable
densities and do not lend themselves to the
analysis performed. The authors agreed with
Boesch and associates (1977) that attention
should be focused on equilibrium species of the
type found around the margins of areas impacted
by toxic metals and organic loading, These ben-
thic species appear temporally to be relatively
more stable in abundance and distribution and
therefore more amenable to analysis.

The analyses by Walker and associates (1978)
indicated species that might be indicators of
stressed vs. nonstressed habitats that have similar
sediment characteristics. These species included
Ceriantheopsis americanus, Nepitys incisa,
Nucula proxima, and Phoronis architecia. These
forms were shown to exist in sediments that were
highly contaminated with organic matter and
toxic heavy metals. Further research is required to
determine if these species will qualify as equili-
brium species of the type that could serve as
indicators of environmental stress.

McDonough (1976} reported on a benthic
index of environmental quality (EQ) and applied
it to benthic assemblage data from the Bight apex
and Raritan Bay. Each benthic macroinvertebrate
found in Smith-Mclntyre grab samples was gtven
a tolerance value based on an evaluation of the
organism’s ability to colonize a defined zone with
an unpredictably harsh environment. The product
of the tolerance value and the abundance of each
organism was summed for each sample and
divided by the total number of organisms in the
sample, resulting in an index of environmental
quality at each station sampled (McDonough
1976). Grids prepared by McDonough showing
the resulting index numbers delineated those
areas in both the Bight apex and Rarttan Bay in
which the benthic community structure was
altered by ocean disposal and riverine runoff
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containing contaminants or organic materials
that stressed the benthos.

McDonough compared the EQindex with H'
calculations and noted that the EQ index was
temporally more stable when applied to stations
in New York Bight. She found that the EQ index
defined the degree of impact on benthic fauna
over a larger area than did chemical analyses for
substances such as heavy metals or for carbo-
hydrate/total organic carbon ratios. The EQ
index delineated an area of 118 km? (46 mi?) as
being of poor environmental yuality; this area
encompassed. generally, the portions of the
Christiaensen Basin that received sewage sludge,
dredged matcrials, and other solid wastes,
possibly from terrigenous and estuarine inputs.

Use of benthic community structure as an
indicator of man-induced cnvironmental stress
must always be done with the understanding that
benthic organisms are subject to seasona) and
longer term temporal variability. The relative
stability of benthic systems and their dynamic
aspects have recently been reviewed by Boesch
and associates (1976) and Gray (1977). Boesch
and associates (1976) suggested that many
common species fluctuate significantly in estua-
rine environments that may undergo rapid
changes in salinity/sediment type 4nd other
physical/chemical variables. Therefore, irruptive
(intrusive) annuals or euryhaline opportunists
(tolerant of 4 wide range of salinity) often
dominate estuarine and coastal benthic com-
munities. The dynamic nature of populations
that comprisc estuarine and coastal benthic
communities may limit the vselulness of short-
term baseline benchmark type surveys. However,
a thorough understanding of the biology of
selected species that can respond to stress by
rapidly colonizing ecotones (transition sones) or
margins of stressed arcas may lead to a better
understanding of how stress impacts benthic
commumity structure.

As Gray (1977) discussed, changes in dom-
Inance may result from biological interactions
rather than through the effects of natural
physical - chemical stresses. Mitls (1969) and
Rhoads and Young (1970. 1971) demonstrated
that certain species ol active benthic organisms
can change the sediment type so as to cxclude
other specics.

If marine benthic ecologists are to under- -

stand how man’s activitics impact upon living
marine resources, a {ar greater knowledge of the
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biology of key or important species must be
gained. Better understanding of interactions
among benthic invertebrate species, and their
relationship to the plankton and fishes. may
provide the key to understanding how man
interferes with benthic and other marine re-
sources. As Gray (1977) noted, this will require a
return to natural fustory, to autecological studies
(Jackson 1968), where the ccologist is interested in
the details of a single species or group rather than
the totality of a community of organisms.

It is outside the scope of this monograph to
review the sizable literature concerned with the
impact of the numerous known contaminants and
microconstituents on benthic organisms. How-
ever, published papers indicate that ocean
disposal of various categorics of wastes and
specific contaminants can have localized and even
extended effects, both spatially and temporally.
Moreover, experimental studies indicate that
levels of specific toxic materials less than thase
reported from the Bight can affect the well-being
of experimental animals (Corner 1978; Davies
1978).

In many instances, previous bioassay studies
in laboratory situations have not been adequate to
explain causes and elfects of various con-
taminants. The results often indicate what can
occur in a specific experimental situation but do
little to reveal how similar amounts of contam-
inants might affect populations in the field.
Future studies should emphasize experiments in
the field conducted in concert with ecological
assessments of changes or trends in populations
and community structure. Such experimental
studies must be concerned with the effects of
contaminants and wastes on reproduction,
recruitment. and survival of populations of
dominant and ecologically sensitive species. Such
research must be set in the context of long-term
assessment and monitoring studies,

The historical trends discussed earlier suggest
that over the past 100 years the impacts of
contaminants were initially observed in enclosed
inshore estuaries but slowly spread seaward
through the open waters of Raritan Bay and other
estuaries. Such trends must be understood in the
context of effects on benthic and demersal
populations, those groups most likely to be
demonstrably affected by pollution and other
environmental stresses resulting from man’s
activities. Hopefully, the information provided
herein represents the beginnings of baselines



against which change can be compared.

In summary, various studies concluded that
dumping and other forms of pollution have
resulted in a multiplicity of contaminant sources
in New York Bight (Swanson 1977). This im-
mediately precludes attributing change in benthic
communitics to specific or generic categories of
pollutants such as PCBs, heavy metals, or
petroleum hydrocarbons. These substances are to
be found in varying amounts in sewage sludges.
dredged materials, and the riverine inputs that
flow seaward over the disposal or dumping areas.
Moreover, atmospheric inputs of contaminants
may be important (Duce, Wallace, and Ray 1976).
[t is possible to ascribe, with some degree of

confidence, changes in benthic communities to the
gross forms of pollution such as dredged materials
and sewage sludge. Itis more dithicult, however, to
separate the effects of these two since it is clear
that the two materials and their effects tend to
coalesce in the center of the topographic low, the
Christiaensen Basin, in the Bightapex. Moreover,
the inputs of contaminants via estuarine {low to
coastal waters further confuse the picture. It wili
only be possible to assess fully the effects of
coastal waste disposal through field und labora-
tory research and monitoring designed to measure
contaminant loading from various activities and
to establish changes in biota through laboratory
and controlled field experiments.

Conclusions

The benthic macrofauna of New York Bight and
contiguous waters consists of species character-
istic of the Middle Atlantic region. Comparisons
of species lists for the Bight with those for other
areas indicate that most species are, in fact,
common to the entire Virginia Zoogeographic
Province which includes the coastal waters from
Cape Cod to Cape Hatteras. Certain commeon
inshore species are not tound in deeper shelfl
waters while other species apparently extend from
littoral and sublittoral stations seaward to and
beyond the shelf-slope break.

There are seasonal and annual variations in
regard to abundance of individuals and species in
the Bight apex as well as considerable spatial
heterogeneity, principally due to natural variation
in sediment type but also because of changes in
chemical/ geological conditions resulting from
ocean dumping and other sources of contamina-
tion.

While there was some temporal variation in
macrofauna at particular stations, certain species
were consistently present in comparable numbers
in samples collected at different times from the
same stations.

The data presented by Wigley and Theroux
(in press) on distributions, abundance, and
biomass of higher taxa, while not represented by
specimens from numerous locations in the Bight
apex, indicate that in the 1963-65 period, New
York Bight supported a larger benthic biomass
than did continental shelf areas to the south but
significantly less than the southern New England
shelf. These researchers also reported a decline in

biomass. and mean numbers of individuals by
higher taxa, from shallow waters {0 to24 mor0to
79 ft) to deeper slope habitats (2.000 to 3,999 m or
6,562 to 13,120 ft). Such changes can be attributed
to sediment type., water temperature, and availa-
bility of food.

Although there is considerable spatial and
temporal variation in the distribution and
abundance of benthic organisms, heavy metals,
and other substances associated with sludge and
dredged materials, dumping of wastes and
estuarine inputs of contaminants have had a
demonstrable impact on the benthos. Sediments
have been repeatedly analyzed and the presence of
heavy metals and hydrocarbons in the areas
receiving dredged materials and sludges indicates
that high concentrations of toxic substances and
organic carbon have accumulated. There (s
growing evidence indicating that measured
contaminants have a significant relationship to
terrigenous export and estuarine inputs, espe-
cially in regard to soluble or waterborne forms
measured in the apex. As earlier noted, changes in
benthic community structure have not been
related to specific contaminants, such as the
metals or hydrocarbons present. However, the
totality of the consequences of organic and
contaminant loading, including toxicity and
reductions in dissolved oxygen. has measurable
effects. Laboratory bioassays have shown lethal
and sublethal effects of specific metals {Calabrese
et al 1973, 1977, in press) and of petrofeum
hydrocarbons (Anderson, in press) on benthic
Species.
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