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Map 1. New York Bight including its bays, sounds, and estuaries
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Abstract

Introduction

Considering the importance ol New York Bight in
transportation. industry. commercial and recreational
fisheries. and beach and aquatic recreation, it is surprising
 hat until rccen ly remarkably little was known about its
benthic fauna. In the last decade several intensive studies
were initialed of benthic macroinvcrlebrate communitics in
the Bight «nd the effects of physical chcrnical factors,
including pollution. on these living resources. This
monograph is a summary of those studies,

The benthic macroinvertebrate fauna of Ncw York
Bight generally resemble the fauna common to inost of'the
l41iddle Altanlic Btght and show considerable spatial and
temporal heterogeneity in numbers of individuals, species
richness. and diversity. This is due largely to natural
variation in lopography and sediment type as weII as  o
considerable accumulations of organic matter and con-
iaminants. particularly in the Chrisltaensen Basin ol the
Bight apex, principally the result <if pollution and
eutrophication. In the Chrisliacnsen Basin. species diversity
is greatly reduced. "t' he relative importance of impacts by
organic mat ter and toxicants on bot om-dwelling organisms

Benthic fauna are usually defined as those
invertebrates that dwell in or on the substratum
below the lowest low tide line, This area is
generally referred to as the benthic zone and it is
often divided into separate zones according to
depth � the sublittaral. abyssal, and hadal.
Bottom-dwelling animals within the intertidal or
true littoral zone are regarded as a special case.
New York Sight is included within the sublittoral
zone, the zone that extends from shore out to the
continental shelf-slope break, beginning approxi-
mately 193 km �20 mi! east and southeast of the
N3 and Ll shorelines  Map I!. 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 detnersal, 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 shriinps,
crabs, and smaller crustaceans. With shallow
water benthos. marks of the itnpacts of pollution
and environmental change are most evident, They
are directly affected by riverine runoff and ocean

is unknown. Seasonal to» dissolved-oxygen les cti resulting
from excessive amounts of organic matter may also have
deleterious impacts sin the benthos.  !pportunistic species
known lo bc tolerant of' deteriora ed cnviriinrnents are
common at benthic stations loca ed»tthtn the t. hristiaen-
sen Basin. Also. disease in marine dcmcrsal finfish and
shellfish is unusually prcvalen  in  he Bight.

Interactions among species are «Ivo important in
accounting for vartabitit> in abundance;ind diitribution.

  omparisons ol thc benthic tauria ot relatively
uncontaminated areas in the Bight and ad unct cmbayrnenls
with other temperate coastal environments ot thc western
Atlantic indicate considerable similarity in species and their
abundanre. !several species are distributed I'rom estuarine
embayments lo and beyond th» shet -slope break.

White the results ol a decade ol intcniiic studies have
rnadc Ncw Yiirk Bight benthic tauna tine <it the i»ost studied
in the w orld. niant areas stilt need to be ex p lured. capccialI>
long-term var ah lit>. mei<i-and mtcrotaun.t,.tnd the roleot
benthos in traniporting pollutants thriiughiiut thc deniersal
I'ood wcb.

dumping and, in most instances, are unable to
move away or otherwise avoid the effects of
environmental disturbance». lrinafly, many
benthic species are able to take up various
contaminants, and their tissue burdens of metals

and organic pollutants 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 species of shrimp,
crabs. and lobsters usually reside on the bottom or
on firm surfaces and are designated as being
epihenIhic. 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
categorized since they spend portion» of their life
in the sediment as well as upon the sediment-
water interface. Same benthic organism», like the
mysids and certaitt shrimp, are swimming l<irms
with saltatory patterns of movernenl.

1he benthic populations that habituate the
numerous embayments and estuaries adjunct to
New York Bight must be considered, in part, as
extensions ol those populations found in the Bight
itself, ln addition, some species cotnmon to the
Bight are also found beyond the shelf-slope break.
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continuously changing  sand wave!ripple pat-
tern! topography characteristic of the mid-
Atlantic inshore coastline  Swift l972!, 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 l973!. Swartz
 l976! also noted the problems of sampling in
areas with high spatial heterogeneity.

Figure 2. This Smith-Mclntyre 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-Mclntyre 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-Mc lntyre qualitative
grab samples. The aliquots are routinely analyzed to:
determine such physical/chemical parameters as:
sediment grain size, percent organic matter, and heavy::.:
metal and hydrocarbon contents as well as microbial,:
and meiofaunal populations.  Photo by J, Pearce,:,',
Sandy Hook Laboratory!



!

Figure 5. ThiS bOttom phOtOgraph indiCateS the micrOrelief  ripple pattern! CharaCteristic of many New YOrk
Bight sampling strata. Note the accumulation 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 corn-
munities has been extensively discussed in the
literature, particularly with regard to marine
benthic community structure. Thorson �957!
devoted much of an extensive review article to a

discussion of how community structure should be
regarded. Recently, Frankenberg�973! discussed
the problems of measuring consistent character-
istics of benthic assemblages; he noted that the
same community or assemblage may differ within
short spatial units and certainly with time,
seasonally. Although written several years ago,
the article by Fager �963! on Communities of
Organisms 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
�970! 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 er.o.v i stem
which, today, forms the cornerstone for much of
ecological theory. Recognizing this, Whittaker's
�970! 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 comtnercial or recreational food re-
sources, as integral parts of tnarine food webs, and
as indicators of environmental perturbations and
stress. Shellfish, such as the common surf clam
Spisu a solidissitna; ocean quahog, erotica
isiandieat American lobster, Homarus ameri-
. anus; and sea scallop, Plaeoper ten mage/ lanierts,





attributes are possessed by the Crustacea and,
consequently, several of the early studies of
benthic organisms included crustaceans. Fowler
�9I I! 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  I9S6! in
Long Island Sound and Dean and Haskin �964!
in Raritan Bay. Both involved collections made
either by standard serniquantitative 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 werc done by
O' Connor �972! and Franz �976!. 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, thedeepercontinental shelf. and slope
waters.

At about the same time another study was
completed in Goose Creek, which drains into
Gardiner's Bay through a complex of sounds and
bays  Kaplan, 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
l976; Watling and Maurer 1976!. As expected, the
benthic fauna species lists and related data
provided by these investigators are similar to
those data collected in the northern portions of
the Bight from sampling strata similar in bathy-
metry and sediment type.

More recently, Boesch, Kraeuter, and Serafy
�977! 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, I974a, b, 1975; Steimle
and Stone 1973; McGrath, 1974; Pearce, Ihomas,
and Greig, 1975; Pearce et al 1976b; Pearce,
Caracciolo, and Steirnle 1977c, 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-M F SA program  Pearce
et al 1976a,c,hatt,e, 1977a,h,c,d, 1978: Caracciolo et
al 1978!, other data are still in press or in review
 Caracciolo and Steimle, in press; Steirnle and
Radosh 1980; Steimle. Caracciolo, and Pearce, in
press!.
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return to i'irnpling sitci v ithin a preciiion of a t<.M,
meters. !~ar!!plex, C inSiSting of «t }euat the first
grab taken at cauli stati<m.  <!r all c!l the ab !vc
Criiiiei h;lye been k<irted. idcrltified. alt<1 <luanti-
fic f. f  !I'tl !ni  !f tile <fuurtcrl!' crlllie dill!i thllt
corltributed to the distribution and abun<lancc
cfr;irti;ire SIImn!arijed in 1 ahles 1;lr!<l 2.

1n «d<liti<!I! t i tbC f;IunistiC d;lta iibt;lined f<!r
e;ICli itatiO!i, iubialnplei werc tiikcn i ir «nr! lysis
of su<fin!crit gr'irlilf<!rnetri, i!rgarl!c rnilttcr. arid
hellvy Incf;ll < !ntan!ln'inti.

1!<!Ill 'thc Inf !r'll!'it!<!i! In 1!ible 2, there ii
I n<1!C!l t i in 't hil't l lic nu n! her x  ! 1 spe<'Ici i!lid
In<I!'< Iduilli wcl .' r<'dilc<:� !n AuL'uit 1<�4 relutr'<e

l ! Augiiit l97.t;In<1 M;IrCt!-April 1974 C'Crt'Iin
ipccici merc c<!nirdcrabf> re<inc«� it> b !th
distrihuti<in arid nllii!bCri <	 indiyidli;ili per
itati in. '1'l!C;I< crage rilimber «f' india iduali Ot a11
bentl!iC ipccick per it;ltinn  gr Ib! drOpped 1'i<in!
417 tO 174 irl the August Cruiiei and the;!Ver;lg»
nuriihcr <if species pcr itution  grab! declined fr<!m
19 t<i f.'!. A f'cv ' sp :ciei. including the dcp !sit

i!l:II  'fi ' v ill,Illa ixIiix' al r II l     til II'Itx< ''T1lr92v <flit II  4'l !I1 ' i<<fr, 1 I;
j;<ILE illfll<I92I

Figure 6. r W i hiiCke!S Cuntaining S<r!ith-MC!ntyre
:I< ih»sii "~pi is;!<" t <k<:4 in Ni;.w Vork Biqht. 1 he sample
  " -"I e i ", l f . ik  !i; f i r= 4! a S far I <in Ou I a Id   't h . C ri I I S I i a e n-
Se "I BaSirx COnsistS Of Cfe;rn rnediiim-grain SandS, the

iiii ti',e nghf take!; froin tfir c !rit !r of the
w .n H!sin is an ar "I! re eivii>g sewage

Si:i".,9 ' d ibrii is Chare .'.eriLed ay < xtrernely line,
Organ Oupea nigii iiea;y I;!eta,',I id hydrOCarban
CO' ter s. arid unp rverisrl ;O t>e;itfiio fauna lPhotO by

Pea r c    S a i i d 7 i~ 0 0 i  i ij b  i ra to I'y i

Figure 7. These examples of the normally deep-
burrowinq, benthic species were collected in trawl
nets during the hypoxia phenomenon of !976. Clock-
wise from upper right the polychaetes, Nere s
longosetoaa and Sigaliorr arerricota: the ourrowing
shrimp, Aux us serratus: the bivalves. Spisuta solid-
iss«na jmeats only! and Crisis directus: the sea
cucumber. Caudir!a arenata; the rock crab, Carrcer
irroratus  not a burrower!; more C. areriata, and near
the nickei coin in the center, mantis shrimp, Ptaty-
squill'i errodis. fPhoto by D. Radosh, Sandy Hook
Laboratory!



feeding bisafVes, 1'. «gili5  tnd X, Pr<>.1<lna.
remained more or less constant in their dis ribu-
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. Vormalfy, repro-
duction i» depressed during  he winter mont hi and
predation tcllds t<l l educe standing stocks of
forage species. However, no apparent decrease
was observed between August 1913 and March-
April 1974. Fluctuation» like this often merely
reflect natural variations of' cycles and hetero-
genettV wtthltl  he ecosVstem  Rogal et ttl 1978!.

McCall �9771 meaiured the effects ol' dis-
turbance on benthic community patterni in l.ong
1 sin nd So i  id. lie noted t h;l  so lie s pectes
undergo large ipatial and temporal variations in
local abunda�cc; <ither memberi of the same
comntunity change only a little  McC all 1911l.
lfis studies indicated that 1'. agitir and .7, pr<x1inta
were relatively c<instant in Long island Sound;
our studies suggest the sanle thing if1 'the New
York Bight apex. ltntif long data series are
available f<ir several parti of the northeastern
continental shelf, it will be difficult, in many cases,
to clearly ieparate the effects of natural variability
from thc effects of' man'i activities.

Masiive moi talitiei of benthic invertebrates
occurred in New York Bight July through
October 1976  Stcimle and Radosh 1980!; these
mortalities occurred as a result of widespread
oxygen depletion over «n area 165 km f103 mi! by
8S km �3 mi! off the IVJ coaitline Map 4!, E'earce
�972! reported very low values for dissolved
oxygen trl the   hriitiaensen 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 <if ben hic invertebrates and result
in significant temporal and spatial variation.

Steimle and Kadosh   1980! indicated that the
kill asiociated with hypoxia occurred throughout
most of the Bight especially off the NJ coast to a
depth of SO m   f64 ft!, They noted that divers
found large numbers of megabenthic inverte-
brates, including lobsters, Homarut amer' canus,
and rock crabs,  'ancer spp., that displayed
unusual patterns of behavior, apparently because
of stress associated with reduced dissolved
oxygen. Later, surf clams, Spisu a sr>lidissima,
were found out of their burrows and lying on their
valves, a position not usually assumed unless

stressed. actual rn«rtalitici ot r<ick crabs;
ieastars, .fsIerias j<irl~csi; blue ntussels, M< jiiui
a<I<< is; and lo bs t cri % <.' re a li<i observed. 1' is h
aSSeixnletlt CfulxeS fuut1d la<'gc nunlberi Of dead
benthic organismi of larger stjc in drcdgci and
trawls, '1 he iurf clam iut tore<i  he grcateit
itnpacti; other mortalitici included cruitaceani-
rock crabs, tnud shrimp  :f.ri«i r< rrau<s!; i<>Fisrefs,
and mantii shrimp  F'la< i sqt<illa «i<idix!; echino-
dernt» starfish, sand d<illari  I:<!iinara< unius
parzna!, atld sea Cueuntbeti  Ca«<Jina <<renala!;
molluscs - sea sea 1lopi  Pia«>iie<'ren nta<;<'/-
lani< uc!, ra/or clami �:nsi < <Iire< u<s j, moon snails
 l.urlafia II<'r<>5!, arid occaii ctuahogs  ,fr<'li< a
Lslazr<fi<'a!; unidentified sip unculidi; burrow ing
anemones  C'erianlhe<iPxis ani< ri< an«s!; and
polychaete worttls  mostly 5<g<zli<m areni«>/a but
tncluding rf <;/a<ip!zan<us < i«inar<t, Orb<j tia,i n ani,
Cr'lr<'era d<7iran<1<iara, / ia»lirin< rii fray;ilis, and
Ve/!<tl!1's inn ;<iter<>sa!. L'xatnplei Of normalfy
deep-burrowing macrobcnthic ipccies found in
trawl nets following hypoxia are shown in Figure
7. 1 atcr, Smith-Mcfntyre grab collections were
taken at ofTshore stati<>ni thathad been pre-
viously sampled April 197S. Comparisons were
made ol the distribution and abundance of the
more dominant or abundant speciei. '1 he analyses
of data resulting from thc two collections
before and immediately after hypoxia -- indi-
cated that sand dollari and holothuroideans,
Throne sp�had been killed, Alio, articulated
dead surf clam valves indicated recent mortalities
of'clams. 1'he polychaete, � <ntia<leDu g~ra<ilis, was
abundant a  heavily impacted stationi, implying
high tolerance to oxygen depletion.

Ciarfo, Milstein, and Jab n   19781 also
reported significant changei in benthic com-
munity structure and abundance of' macrobenthic
species due to hypoxia in the Bight. They found
that echinoderms suf'fered the grcateit mortality
at a station off I ittle Egg inlet, VJ: most of' the
sand dollars, F.'<hinarar unius par<»a, were killed
and about half of the seastari, .-fx<eriai jirrheii,
were dead. 'sixty-five percent of the bivalves
collected were moribund; theie it1cluded ipeci-
mens of Fi'u<. ula prr>.i<iona and .tf uhnia ie<eraii i ai
well as .Sgr<tula s<>lidi.ssi<na, !e  ina u<,'<l<.i, and
Fnsis dire<lux, Nu<«la is reported to occur in
sediments with high organic levels and the iame
relationship has been observed in tlte Bight apex
where this bivalve has its greatest abundallce at
stations in and near the iludge and dredge spoil
disposal areas  Watling et al !97>! tf«li»iu has



frequently been reported to be an opportunistic
species that rapidly colonizes sediments in
stressed estuarine and coastal environments

�ackson 1968!. Therefore, it can be assumed that
if these species suf'fer mortalities because of
hypoxia, other species less tolerant of physical/
chemical stresses will also be affected.

Garlo and associates �978! found that less
than 1% of the polychaete worms were affected by
the reduced dissolved oxygen; Dean and Haskin
�964! earlier 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,
N3, was severely impacted as the anoxic cell
persisted. allowing for the subsequent buildup of
toxic hydrogen sulf'ide. 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 specie» 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 ofits
commercial importance, only in the case of the
surf clam did a significant data base exist to
indicate a major impact,



Gesrropoda �!

Biva/via �0!

Asterias forbesi

0phiuroidea
As cidi ace a

Tabl ~ 1. Combined Species List

Acfiniaria �!:
Edwardsia elegans
Edwardsia sipunculoides
Ceriantheopsis americanus
Metridium dianthus

Rhynchocoe!a.
N erne rode.
Phoronide:

Phoronis architecta
Archiannelida:

Protodrilus symbioticus
O!igochaefe,
Po!ycheeta   f04!:

Phyllocioce arenae
Phyllodoce mucosa
Eteone longa
Eteone lactea
Paranaitis kosteriensis
Hart mania rnoorei
Antinoella sarsi
Harmothoe imbricate
Her rnot hoe extenuate
Siga lion arenicola
Pholoe minute
Sthenelais limicola
Pisione remote
Glycera capitata
Glycera americana
Glycera robusta
G lycera dibranchiata
Glycera sp.
Hemipodus roseus
Ophioglycera gigantea
GOniadella g raCilia
Nephtys bucera
Nephtys incisa
Nephtys piete
Aglaophamus circinata
Aglaophamus sp
Exogone diaper
Exogone hebes
Parapionosyllis longicirrata
Eusyli is la me lligera
Eusyllis blornstrandi
Sphaerosyllis erinaceus
Syllides longocirrata
Microphthalrnus aberrans
Syllis cornuta
Nereis succinea
Nereis grayi
Nereis virens
Capitella capitata
Mediomastus ambiseta
Not orn est us la ter ice us
Scalibregma inflatum
Rhodine loveni
M ac roc ly mene zonal is
Clyrnenella torquata
Leiochone dispar
Maldanopsis elongata
Travisia carnea
Ophelia bicornis
Ophelia dent iculata
Scolelepis squamata
Spio fit icornis
Spio setose
Prionospio steenstrupi
Streblospio benedicti
Polydora sp.
Polydora ligni
Po lydora caulleryi
Polydora aggregate
Polydora concharum
Laonice cirrata

for Cruises Aug. 73, Mar. 74, Aug. 74

Spiophanes bornbyx
Paraonis lyra
Paraonis gracilis
Paraonis fulgens
Aricidea quadrilobata
Aricidea cerruti
Aricidea wassi
Onuphis opalina
Onuphis eremite
Diopatra cuprea
Lumbrinerides acute
Lumbrineris fragilis
Lumbrineris tenuis
Lurnbr inc ris coco ines
Ninoe nigripes
Drilonereis longs
Drilonereis magna
Stauronereis caecus
Arabelle iricolor
Notocirrus spiniferus
Magelona rosea
Orbinia swani
Haploscoloplos robustus
Scoloplos acutus
Scoloplos armiger
Tharyx acutus
Tharyx annulosus
Tharyx marioni
Cossura longocirrata
Caulleriella killariensis
Owenia fusiformis
Arnpharete arctics
Asabellides oculata
Nicolea venustula
Polycirrus phosphoreus
Polycirrus sp.
Pherusa afflnis
Chone infundibuliformis
Potamilla reniformis
Potamilla neglects
Euchone elegans
Spirorbis borealis
Polychaete ¹t

Hydrobia rninuta
Crepidula sp.
Lunatia heros
Nassarius trivittatus
Turbonilla stricta
Epitonium multistriaturn

Nucula proxirna
Nucu la delphinodonta
Yoldia limatula
Yoldia myalis
Mytilus edulis
Grenelle glandula
Astarte ca stan ea
Astarte undata
Venericardia borealis
Cerastoderma pinnulatum
Pitar morrhuana
Arctica islandica
Spisula solidissirna
Tellina agilis
Ensis directus
Periplorna frag ilis
Donax fossor
Silique costata
Lyonsia hyaline
Mulinia lateralis
Lucina sp.
Aequipecten irradians
Bivalve ¹2

Bivalve ¹3
Bivalve ¹4

C irri pe die:
Lepas pectinata

Cepha!ocari de:
Hutchinsoniella sp

Osirecoda.
Pericarida �1!

Leptocurna minor
Diastylis aculpta
D i a sty l is pol its

Leptognatha caeca
Le ptochelia sa vig ny i

Ptilanthura tricarina
Cirolana polite
Chindotea coeca
Chiridotea tultsi
Edotea triloba

Ampeli sea abdita
Ampelisca vadorum
Arnpelisca verrilli
Arnpelisca rnacrocepha la
Arnpelisca agassis i
Ampelisca sp
Unciola irrorata
Unciola inermis
Pseudunciola ob I iquu a
Gamrnarus annul atus
Protohaustorius deichmannae
Protoh austorius wig I eyi
Protohaustorius sp
Parahaustorius attenuatus
Parahaustorius holmesi
Acanthohaustorius spinosus
Acanthohaustorius millsi
Acanthohaustorius shoemakeri
Leptocheirus pinguis
Orchomonella minute
Orchomonella pinguis
Mo no cu lode s ed wa rdsi
Phot is rnacrocoxa
Photis sp
Hippomedon serratus
lSChyrOCeruS anguipeS
Phoxocephalus holbolil
Trichophoxus epistomus
Stenopleustes inerrnis
Synchelidium arnericanum

Neomysis americana
6 pc aii da �!:

Palaernonetes intermedius
Crangon septemspinosa

Peg uru s long i carpus

Cancer irroratus
Ovalipes ocellatus
Carcinus maenas

Echinodermar a �!.
Thyone sp
Thyone unisemita

Echinoidea
Echinarachnius parma



Tisbte 2. Species data from MESA cruises

Albatross Cruise
Atjgust 1973

Oregon Cruise
ftttarch-April 1974

136 Species

Oefaware Cruise

August 1974

136 Species146 Species

No. of species/station:
2 at ¹16- 31 at ¹34;
average of 17 spp./sta.

No. of species/station;
1 at ¹40 - 34 at ¹44;
average of l9 spp./sta.

No. of species/station:
0 at ¹29 and ¹46-

39 at ¹22;
average of 15 spp./sta.

No. of indiv./sta.:
5 at ¹16-4,378 at ¹35.

average of 293 indiv /sta

No. of indiv./sta.;
1 at ¹40- 4,158 at ¹35;
average of 417 indiv,/sta,

35 species with single
occurrences

35 species with single
occurrences

22 species occurred at 30'll
or more of stations �9+!

»tI' »» i iige number ot individuals and species per station declined between August 1973 and August 1974

7 species at 32 or more
stations �&it ~!
Rhynchocoel � 42 stations
T hery x acutus � 49
S piophanes bombyx � 43
Nephtys bvcera � 35
Glycera dibranchiata � 33
Tellina agi lis � 46
Cancer irroratus � 46

8 species at 25-31 stations
�0-49'ttr!
Protodrrfus sp, � 25
Asabellides oculafa � 28
Arrcrdea cerruti � 25
Lvmbrineris fragilis � 25
IVucula proxima � 30
Spisule solidissima � 23
Crangon septemspinose � 29
Ceriantheopsis americanus � 29

7 species at 19-24 stations
�0-39%!
Hemi podus roseus � 20
Spro fihcornrs � 21
Prronospro steenstrvpi � 22
Lumbrrneris tenuis � 21
Pher usa af inis � 19
Ensis drrectvs � 19
Fdotea lrrloba � 21

17 species occurred at 30ti
or more of stations �9+!

5 species at 32 or more
stations �0'/o+!
Rhynchocoel � 45 stations
Spiophanes bombyx � 40
Tharyx acutus � 38
Glycera dibranchiata � 33
Telline agilis � 35

5 species at 25-31 stations
�0-49% !
Glycer a capi fata � 26
Nephfys bvcera � 31
Lumbrineris fenuis � 26
Pherusa affrnis � 25
Nucula proxima � 30

7 species at 19-24 stations
�0-39'ttr!
Sthenelais limi cola � 24
Aglaophamus circinata � 20
Lumbnnerrs fragrt'rs � 21
Nr noe nr gn pcs � 20
Thar y x ann v los us � 20
A sabei¹d es oculata � 24
Edotea tnloba � 22

No of indiv/sta
0 at ¹29 and ¹46-
1.826 at ¹35: average of
174 indiv./sta.

36 species with single
occurrences

10 species occurred at 30'll>
or more of stations �9+ !

3 species at 32 or more
stations �0'/o+!
Rhynchocoel � 38 stations
Tharyx acutus � 33
Tellina agilis � 46

3 species at 25-31 stations
�0-49%!
Glycera dibranchiata � 29
Lumbrineris fragi lis � 27
Nucula proxima � 27

4 species at 19-24 stations
�0-39'ttr!
Lvmbrineris tenvis � 23
Drrlonereis longe � 21
Nrnoe nrgrrpes � 20
Ceriantheopsis americanus � 20
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Map 4. Distribution of observed benthic mortalities during hypoxia
phenomenon, July-November 1976



Outer Bight

In May and June 1974. the Division of Environ-
mental Assessment, NEF:C, participated in cruises
to the proposed US Environmental Protection
Agency  USEPA! interim alternate dumpsitei, to
the Baltimore Canyon I rough, and to the
decpwatcr disposal iitc located beyond the shelf-
ilopc break. generally referred to as DWD site 106
 Map 3!. Return cruisci werc made to the USEPA
sites I'ebruary and April 1975.

Samples collected fr<im these three outer
continental shelf areai have been analyzed and
reported upon. in part. in reccnl papers  Pearcc
l975; I'carce et al 1975. 1976<, 1977h,<, l979;
Radosh et al 1978!. Res<tits indicate that the
distribution of several <if the ipeciei common to
thc Bight apex ttre c<intinucd ieawltr<l itcroii the
ihclf and cvcn beyond the ihell'-il<ipe brcak. I hcic
itudies also show that itationi farther <ilf'ihore
but on thc ihelf' have about the iame number of

individuals and species «» do the unp<illutcd or
relativclv unitrcssed stationi lound in the Bight
apex. Stations located beyond thc shelf-ilope
break werc found to have a reduced number ol

individuals and species when compared t<i
itations <in the shelf. Wigley and I hcroux  in
preii! alio rcp<irt a reduction in the number <il
individuali in deeper water. In order t<i IEEeaiure
diVCrsity aIEd the relatiVe rlunEber Of ipeeiei,
ip'cela  techniquei arc required f' or collecting and
pr<icciiing deep-ica benthic matcriali. Samplei
fr<im th» deep ica taken with traditi<inal grab
iampleri Etre not sufttclently large to Collect tllc
<nally deep-ica benthic species that may be
ipariely diitrihuted.

 'crtain.ipecies commonly found in thc Bight
itpex. '1<ir <nil<Ence, the bivalve, /. apf<l<s, and the
c'tncr<iid criib.  '. irr<>rart<». were not found at
<ifliliorc 1<ic;tti<ini iri grealer than 40 to 60 m�3!
I<! 197 fl! <	 w;tter,

I'rcv i<iui itudiei of the benthic fauna on the
<iuter iliclf <il thc Bight have nol, until recently,
fait<lied I<E;Illy eXtenilVC ipeeiei liilS <!l quantl
I;<lite faiiniil inventories. Emery. Merrill. and
I runihull �965! <ititlined a study In which
b<iti<irn-dv<elling <irganiimi were ph«t<igraphed
itnif hei'll hi<.' itisefEEblagei C<i flee'ted alOI1g Ihe
c<if!t inenl;tl iliell' and ihipe belWeen the  >ulf Of
'<4;tine,tiid v'ew York Bighl; If;tthaway �966,
1967! p<eientcd preliminary collecti<in data 1'or

the stations covered. However, his biological data
consisted solely of qualitative statements, using
common names, in regard to the obiervcd fauna.
More recently, these various benthic data for thc
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 Kathaway, and
species were liited by scientific name but related to
the higher taxonomic categoriei,  pliylum. class.
and Other's! fOr purpoies of Comp;iring numberS Of
individuals and biomaii. Such preicn at ions, plus
the use of different c<illccting gear;tnd sorting
mechanismi often make direct c<impariions
bet ween st udici difficult,

Cons i dc ring a ll st a t ioni in t he M id die
Allantic Bight, Wigley and 'Iheroux  In preis!
found 435 ipecies, but less than 10'< were
c«niidered important in termi of' number and or
bi<imais. In term» of density or number <if
individuali, the more important genera were;
.<>< alii>r< g»>a,,Vel>hr I s, Mal<la>t<', .<>ah< /la..<>l>i <>-
l>l>an<ii  Annclida!; Alt a>tia, C I'li< i>na, Na.tauri«s
  iaslropoda!; Nt«'«la, C I'< lr>< ar<lia,,4xrur e,
7!> i uxira  Bivalvia!; Balan«»  Cirripedia!; Tri< l><>-

pl«>.E<<s, l.el>r<>< l><ir«s, A>iil>elis< a.  'a<i<>la
 Amphipoda!; C'ir<>la!>a Isopoda!; and /.< l>i>tara-
<lt>ti«x  Echinoidea!, Important to the biomai»
weIe: C <ir<al>fl>«'>iXE<I  C Oele'ntei itta!; A'<'/>ill I'.<',
.'Err< hi<>s<»>ta, .Mal<lait<, l «>»i>rin< ri i  Annclida!;
sfr< ri< a, . I <rurI<', C'i'< l<>«zr<lia..ll«linia, I:>tsi I

 BiValvia!; 8<«<irt«>i!. Na<sari«s   >astr<ip<ida!;
'lri< h<>i>l>r>.v«i. I <l>«>< l><ir«t, C'n>«>la  Amphi-
poda!; C'an«r  Deca poda!. C'ir<>la!>a  ls<>l><><la!;
,4str<>l>«' r<'n  *S'ternidea!; and l'< i><iuara< l>>>i<<<,
Brixairer  Echin<iidea!,

l.a rge diff'c re ncei occ urred in domina nt
formi between wateri <it'1 southern view Eng>land,
the Middle Atlantic Bight, and the  hesapeake
Bay.

Palmer and Lear   l963! and Lear. O' Malley.
and Smith �977! summarized the benthic data
from stations sampled off Delaware Bay. Palmer
and Lear noted 120 species, with polychaetes,
molluscs, and crustaceans comprising 92'!<.. 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 Embayrnents 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

f'infish of  he Bight, For instance, many inverte-
brates and fish undergo seasonal or reproductive
migrations from offshore habitats to inshore
spawning areas, ln 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. Therefore,
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 ol' the Bight.

Between l951 and f960, a survey wa» made of'
the rnacrobenthic invertebrates in Raritan Bay
 Dean and Haskin f964!. Recently. Dean �975!
summarized the extensive benthic data that were

not reported upon in the earlier report.
ln f913. scientists at the NM FS Sandy Hook

Laboratory, N3, initiated a new study of benthic
organisms at stations in Raritan Bay thai were
sampled in an earlier investigation  Federal Water
Pollution Control Administration l967!. Pre-

liminary findings indicated an impoverished
fauna relative to other e»tuarine waters and

revealed a mean of only l09 individuals per square
meter  McGrath l914!, Perhaps the most impor-
tant finding wa» that certain taxa. abundant in
other local embayments, were completely absent
from stations sampled in Raritan Bay. For
example, the arnphipod family, Arrrpeliscirlae.
was not found in McGrath's work, whereas Dean
  l975! reported it as extremely abundant  to
13,500i m-'! during his earlier investigation.
McGrath �974! hypothesijed that the almost
complete decline 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
sediment»  Koons and Thomas l979!. Blumer and
associates   l970! noted that ampeliscid amphi-
pods are sensitive to and, therefore, excellent
indicators of chronic petrochemical pollution.

O' Connor �972! reported what appeared to
be a qualitative change in the benthic fauna of
Moriches Bay in the interval between a study
conducted m l938 and O'Connor's own investiga-
tion completed in f970. He described this

embayment as a textbook example of estuarine
eutrophication  O'C onnor l 972!. Again, the
observed changes apparentlv occurred con-
comitant with the deterioration of an estuarine

environment.
Another investigation ol' a»mall embayment

in Long Island wa» made hy Kaplan and a»so-
ciates  f974!. 1his study was concerned with the
effects of dredging on the macrohentho» of Goose
Creek, a restricted lagoon that ultimately opens
into Gardiner's Bay at the ea»tern extreme of
Long Island. Thc inve»tigator» reported that a
significant reduction occurred in thc»landing
crop  thc total number or weight of' lit ing
ol gan'l»fll» montentarily pre»en't itt;l community!,
species diversity  a relative value rcgirding thc
number  rl »pecre» in a conimtinrlv vvi h re»pect to
its total number of individual»!, and number of
indrvidualsfollowing dredging, again an indica-
 ion that env'ironmental »tre»» c;in re»ult in

detectable shifts in benthic con>munity »tructure.

Change wa» manifested not only in diver»ity and
number of' individual» hut in productivity  the
inherent reproductive capacity <it a community!
as well; production declined I'rom 90 g rn-' yr
before dredging to 3I g, m-' yr after. It i» not
known whether the embayment returned to its
original state following the impact of dredging.
Taylor and Saloman  f968!, however, noted a
similar loss in benthic productivity lollowing
dredging operation» in Boca Ciega Bay, I I., and
in similar situations thc bcntho» ha» been

permanently impacted becau»c of' altered flow,
reduced dissolved oxygen, and change in»cdiment
type.

Benthic assemblages in l.ong Island Sound
have been studied by Sander» �956!. Rhoad»
 l972, 1973a,h,c.r/!, f!'Ago»tino and   olgate
 f973! and more recently bv per»onnel of the
Division of Environmental Asse»»ment, NEFC
 Reid, Frame. and Draxler l979!. Sander»   l956!
reported a total of l35 taxa collected at eight
stations in the sound. The more recent inve»trga-
tion by the NEFC sampled 142 station»and found
Polychaeta, Mollusca, and Anthropoda alone to
be represented by over 250»pecies. As did
Sanders' study, this investigation related the
species assemblages to generalized»ed ime n t
types, Again, many species common to I.ong
Island Sound have also been found throughout
much of New York Bight. Reid and associates
�979! observed considerable difference bet~x een
the benthic assemblages f'ound in the relativels
unpolluted eastern portion of the sound and the



more heavily polluted western portion adjacent to
the highly industrialized CT shoreline and
«tropolitan New York. Rhoads �973<i! recently
reported a significant decline in density and
diversity within a limited portion of central I.ong
I~land Sound that was initially attributable to a
widespread recruitment lailure tn 1973.

A comparison of Sanders'�956! results with
those of the NEFC is of particular value in

onstrating long-range changes in I.ong Island
Sound  Reid et al 1979!. While some species were
preseflt tn about the same abundance after nearly
two decades, others had decreased in number and
occurrence, lv', lrr<r.virrru. comtnon at Sanders'
stations, was reduced in number in later collec-

tions. McCall �977! found W. pr<r.virrrcr to bequite
stable in terms of abundance. Seemingly, this
deposit-feeding bivalve diminished at the same
time as the coot clam, Mcc iniu lureralix, became

extremely abundant. Sanders �956! noted
Mulirriu as making only an instgnificant contri-
bution to the biomass in most of the area he
studied. Both O' Connor  f972! and McGrath
�974! noted the abundance of Mulinia in

Moriches Bay and Raritan Bay respectively,
whereas, earlier, !Vu< ulu was the more abundant
species. Presently. it is not known whether this is
due to natural cycles or trend» or to stresses
resulting fr»m pollution. Boesch. Wass, and
Virnstein �976! discussed the ephemeral irrup-
ti<>ns <rf Mt<liniu that have been noted by several
authors. As noted for other species by MeCall
 f977!. ltfulirriu reproduces in large numbers,
grows rapidly, «nd ma lures at an early age; thu», it
can function a» an opportunistic species and may
sh«w extensive temporal and spatial variations in
distribution and abundance,

t!istribution and Abundance
of ltnportant Species

After rcitcwing the data and results that have
emerged lr<rm recent benthic studies in New York
'tnd Middle Atlantic bights  Garto and Hondo

Steintle and Stone l 973; Ciarlo and Saffian
1976; Maurer ct al 1976; McDonough 1976.
I'earcc ct al l976u. 1977d: Boesch et al 1977;
Radosh et al f978: Walker. Saila. and Anderson
1979: McNulty, in press!. it is apparent that the
drstrihuti<>n and abundance of benthic inverte-

rn 4'ew York Bight vary both spatiallv and
«»porallv ln spite of variations. however. it is
p<>svibte to depict the average distributions and

abundances of several key species. 'I hese are
defined variously on the basis <>f  I! ubiquitous-
ness, �! numbers per station where thev c>ccur. �!
biomass per unit area, and �! importance as food
for human consumption or a» key links in food
webs, Twenty-lour «pccic» arc delineated by the
foregoing criteria,

Some of these taxa are distributed in ap-
proximately equal numbers from the sublittoral
rone to thc edge of thc shelf Cilt < < ru. I.c<zrrhrirreris
 erruis, Spi<rplrarrc.i. and Tlrarr.v!. In other
instances, the greatest abundance and mos  wide-
spread distributions occur either inshore in the
apex and coastal waters  Wephr t.~ in< isu, Xu< ula,
and 5pis«la! or offshore  A.crt rix and 5'<ali-
hregrrra!. In most instances, distribution patterns
can be related to sediment types; Nuc ulu is almost
invariably found in muddy sediments or areas
having high organic loading. Conversely, a species
suctt as Tellinu is most often associated with clean,

inshore sands. Spi<rlrharr<'t and Thar t v were
observed associated with a wide range of scdirnent
types although their highest densities per unit area
may reflect colonization of optimum sediment
types. 1he distributions ol'sediment types in New
York Bight are given in Schlee and Sanko �975!.

1 he distributions of key specie» are indicated
in Maps 5 to 27. With the exception of Maps 24
and 25. the information given is largely based on
single Stnith-Mclntyrc �. I m-'! grab samples
taken quarterly, 1973-74. Maps 24 and 25 are
based on hydraulic clam dredge collections made
during June 1974. in which conversions of data
from bushels,' tow to numbers, m- 'were made for
display on thc maps,

Where benthic data on important species are
available from other sources, such information i»
indicated by symbols on specific map». The
symbols indicate the location ol stations, average
number of individuals/ tn-' of a particular species
at the stations. and the source ol inf'ormation.
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 invertebrates. Wigley and Theroux  in
press! presented information on number» of
individuals and biomass of invertebrates ac-
cording to higher taxa collected at several



Table 3. Mean biomass measured in g/m' listed by major taxonomic groups for each bathymetric  depth! class,
representing the Bight subarea

Bathymetrtc class  meters!

Taxonomic group
25-49 50-99 100-199 200-499 500-999 I 000-1999 2000-39990-24

g/m.
0. 164
0 164

g/m'
7.119
7.092

g/m'
0.380
0.330

g/m'
0 439
0.415

g/m'
0.551
0 551

grm'
0.625
0.625

g/rn'
0.966
0 963

9/m
2.956
2.776

CQE LENT ERATA
Anthozoa

0.0022 048 0.711 0.183 0,152 0.011 0.003NEMERTEA

�. 001
�.001

ASCH EL M IN THES
Nematoda

0 006
0 006

0.001
0.001

0.002
0.002

0 003
0 003

0. 7230. 894ANNEL IDA

S IP U N CUL I DA

31.180 7.980 11.257 3.956 10 350 3 149

0 0070.116 0.858 0 522 0.934 0.083 0. 194

0.226
0.014
0.199

0 515
0 030
0 469

41 072
0 426

40.646

131.048
1.073

129.944

MOLLUSCA
Gastropoda
Bivalvi a

710.785
7.897

702.888

2. 738
0.167
2.507

1 011
0 133
0 687

2. 264
0 346
1 708

0 018
0 018
0 007
0.003

ANTHROPODA
Crustacea

Cumacea
Tanaidacea
lsopoda
Amphipoda
Mysidacea
Decapod a

23.438
23 430

0.017

5.669
5.669
0.014

0.874
2.831
0.004
1.947

0 110
0»0
0 006

5.667
5.667
0.127

0.394
4.579

  0.001
0.565

0 113
0.113

1.162
1.162
0.080

0.234
0.059

0.789

0.163
0 163
0 016

0 002
0 002

0.075
2.678
0.016
4.458

0.076
0 068
0.002

0 0070 113

0 i00

2 472
1 906

EC Hl NOOE R MAT A
Holothuroidea
Echinoidea
Ophiuroidea
Asteroidea

3 459
2 487

66.242
0.146

65. 592

32.851
0.132

25.864
0 435
6 420

8.434
0.629
7.472
0.184
7. 244

1.154
0.013

2.590
0 571
0. 226
1 790
0 002

19.354
0.098

14. 844
4.246
0. 781

0 724
0 248

0 5671,141

0.505

Source Wigley and Theroux, in press

hundred locations on the mid-Atlantic contin-
ental shelf between Cape Cod and C.ape Hatteras.
They reported that the number of individuals in
New York Bight was intermediate between that
found in their New England subarea and the
Chesapeake Bight subarea. I he overall average
for New York Bight wa» 1,254i rn-', whereas the
averages for southern New England and Chesa-
peake Bight water» were 2..'160 and 1,057 m-
respectively, The highest densities were I'ound in
shallower waters of 0 to 24 m � to 7' ft! depth.
Again, these authors found considerable spatial
variability in numbers of individual»; 752 and
442' m-' on the shelf at water depths betwceii 25 to
49 m  82 to 161 It! and 100 lo 199 m �2ft to 653 I' t!
respectively..'iuch variability couM be accounted
f' or by using data taken I'rom collections m;ide;it
different time» of' the year. '1 he data provided bv
Wigley and 1 heroux  in press! on relative biomass
and mean numbers of individuals  b> major
taxonomic groups! for several water depths are
given in 1ables 3 and 4, Their data indicate that

bivalve mollusc» ciintribute i»er» helittingly to
total numbers of' individuals iiiid bioni;iss in

inshore waters <if less th tn 24 t» I79 lt!

[he detailed patterns of distrlh»tir>tt iind the
eCOIOgV ol man'r lnipiii liinl bei1 hie species ln hew
YOrk Bight h tie been Iargels iiiikii iwit  I I'litt
1973!. 1 hc iidults ol eel tiiiii Criinlliciclallx II11-

portanl benthic species, including .'r/»i/rlrr err/ir/ii-
.srltlu aild . I rc/l ' /  r lrlltrIn'i/, hill c been s  tidied
inlensively and t heir dist ributioii iirid iibttnd;ince
plotted  Ropes 19AN; fvferrilf arid Rripes 19t9;
ROpes, Chaniberl;iin. and Meri ill 19t 9!. !snialler
species vsith tlo CciinnlcIciaII Iiiltic h.lie Iiol been
COnSidei ed ilIlt il I'CCCI1111 . 11 Is InieI csl Ill}' iliii t 1he

p;it tel fix of oeeul'I'Ctlee ot species cr>llectcd diii Ing
thC iV1:I C ciuter Ciintinen iil sliell < !t.'s'! CIuise

werc sirnil;ii' to lh»sc ol species collected
Sepiit ate Hl. M CI ulse  BOe icl1, k I aelt er,,'Iud
.'ierafy 1977!.

Maps It, .1, attd S Indi ille tliii't 0'IiiA V
benthic species ai oid r»';Ire intriler;int ol the
Ciintlitions that esist in I he  . hriit I.'Ietlscli 14slti 0 '



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

> >ht apex. Undoubtedly, toxic substancesthe Btg t as P o um-derived
such ss

thesediments of th b,
heavy me

onornic groups for
the Sight subarea

Bethyntetg

Tea~+ grettp

50-99 100 1

No/rn' No/m' No/m' No/m' N o/rn' No/rn' No/m' No/m'

19,54 6,06 4.42 9.33 7.51 10.29 1.60 1.58
6.28 1.41 3,02 7,33 7.51 10.00 1.60 1.58

COELENTERATA
Anthozoe

0,173,30 4,17 2,55 1.78 0.50 0,29NEMEATEA

ASCHE LM IN TH ES
Nematode

0,04
0,04

0.13
0.13

1.13
1,13

0.29
0,29

0,60
0.60

1»9,52 136,60 265.94 127.22»3.BS 43.43 7.3324,10ANNE L IOA

SIPUNCULIDA 0.500.50 4.32 4.89 7.50 2.801.29

20.66
2.33

17.83

652,31
62.46

589.S5

54.94
4.31

50.63

23,60
3,60

18.40

MGLLUSCA
Gaetropoda
Bivelvie

109.88
5.38

102,61

117.87
44,44
68,99

129,43
31,29
86,00

66.00
12.25
64.25

2.17
2.17
0.75
0.33

4.57
4.57

0.924,57

3.33
0.50

2.83

3.00
0.29

2.71

Source witrley and Theroux, in pre80

ANTHAOPOOA
Cruetacea
Curnacee
Teheidacea
Ieopode
Am phd poda
Myeidacea
Decepode

ECHINODERMATA
HoIOthurOidea
Echinoidea
Ophiuro idee
Aateroidea

4SS.05
487.24

2.07

5,43
171.09

3.61
20.41

120.65
1.07

» 8.04
0.61
0.93

492.13
492.13

3.38

21,73
459.10

0.17
7,75

38.79
0.04

38.44

0.31

978.18
9'78,16

25,27

13,69
932.10

0.04
6,93

10.84
0,77
5.08
3.59
1.40

48.67
48,67
13,78

2.44
23.78

8.67

125.67
1,11
0,89

123,00
0,67

22.89
22.89

2,36

2,13
18.13
0. 25

13.75
6.50
0,25
6.75
0.25

1.20
1.20
0.60

0.20
0.20

0.20

2.70
0,40

2.10
0.20



Biology of Important Species

i i b«<<r<rj

ris in<i.ta!

Sealibregma inflatum. The Scalibregmidae are
rare worms, not well known. They are found in
muddy areas where they burrow in the surface
layers, feeding on de'tritus. In a qualitative survey
of the Middle Atlantic shelf, Scalihregma irtjra-
rum was found to occur predominantly north of
t.he Hudson Channel in finer seditnents between
the 15 and 100 m �64 and 328 ft! contours  Wigley

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 ol' the following 24 species are
plotted on Maps 5 to 27.

Class Artthozoa  sea anemones!

Ceriarttheapsis amerieantts. 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
Cerianrheopsis occurs in the sewage sludge
disposal area of' the apex  National Marine
Fisheries 'Service 1972!.

Class Polyehaeta  mlrirte artnelids!

and Theroux. in press!, In our study, tlley were
found in significant numbers only in off'shore
areas  Map 6!.

Curtis �977!. in  ireenl;tnd, observed a
summer or autumn breeding period in .S<uli-
hregvto irt j1ut«nt, followed hv a direct larval
development.

Nephtys incisa and N, bueera, Species of the
family Nephtyidae live in all grade» 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 Avid.

N< phri sin<isa is probably the most well-known
representative of the lariil; a common and
abundant species on muddy bottoms, usually
associated with the bivalves X«<ul«and Y<>i<lia
 Sanders 1958, 1960!, it gr<>ws to several centi-
rneters in length. As shown in Map 7. W.in< Lsa is
most abundant in marginal!y polluted environ-
ments in the apex. It is highly tolerant of some
environmental stresses �ones 1955, Weber 1971!
and is physiologically equipped lor infrequent
feeding and long periods of' starvati<in  Clark
1964!. h'epltrt s 6«< era, on the other hand, pret'ers
more sandy sediments  Map 8!.

Until recently, it was thought that all
nephtyids were carnivores, hut Sanders �956,
1960! found /V. in<is« in I.ong island Sound and
Buzzards Bay to be nonselective deposit feeders.
Sanders, however, did not deny that .V. i«< tio v as
capable of acting as a carnivore under certain
conditions. Day �967! believes nephty<ds to he
select ive ornniv ores.

As a prey itetn,,V. in«i«has been found to be
the prtnc ipal annelid in t hc diet of hadd oc k
 Wigley and Theroux f965!.



N. irrcisa spawns year-round in Long Island
Sound with peaks in early spring and late summer
 Sanders I956!. Specimens of N. irtcisa with eggs
have been found off Massachusetts in August and
young specimens of 28 to 32 segments have also
been found in August ol'f Maine  Pettibone I 963!,
N. inrisa does not brood its young, but produces
large numbers of planktotrophic larvae IOs to IOr'
per female! that undergo a long pelagic develop-
rnent. Time to maturity is unknown  Thorson
l946; Sanders l956,' Clark I96I, I 962!.

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

Klawe and Dickie  I957!, in Nova Scotia.
observed the breeding season of G. </ihrarrrltiora
to be restricted to a few weeks in spring, the peak
ol spawning taking place mid-May. while Simp-
son �962a,h!, in Maryland, observed both an
autumn and late spring breeding season. Adults
die after spawning. The larvae are plank tonic for a
short time before becoming transformed into
bottom dwellers, An interesting observatron made
by Klawe and Dickie !957! was that Glr r eradoes
not grow in summer months. Such a finding is in
direct contradiction to almost every other
temperate or boreal invertebrate studied.

Glycera dibranchiata. GIt r era dihranr hiara, the
bloodworrn. is a principal commercial bait worm.
lt grows to a length of 5IO mm �0 in! and is
harvested extensively from the mud flats of Maine
and other Ciulf of Maineareas. There it supports a
mufti-million dollar indust ry. ln the Bight, it is not
commercially harvested, but is collected by
recreational fishermen.

G t r era possesses a strong, muscular pro-
bosci», armed distally with lour equally spaced
jaws. Both Day  l967! and I auchald  !977!
agreed that glycerids appear to be mainly
carnivorous for very littlesand isever foundin the
gut, however, Sanders and associates  I962!
believed glycerid»  o be omnivores. Klawe and
Dickie �957! classified them as detritus feeders
and Adams and Angelovic  I970!, in a feeding
experiment using   arbon-l4, also found detritus

morphology, glycerids are probably primarily
carnivores, but capable of using other feeding
modes under cer aind d ertain environmental conditions,

Goniadella graellis. All members of the family
Goniadidae have well-developed jaws and pro-
bably mast species are predators or at least
carnivores since very lit tie sand is ever found in the
gut { Pet tibane l963; Day l 967!. They make
temporary burrows in sand, but like their pelagic
descendents, they are all active worms  Dales
I 963!.

Wigley   l956> reported that G<!rriarle lier
grar ilir has been found in the stomachs ol
haddock off Georges Bank.

Little is known about the reproduction and
growth of Goniadeila. however, Pettibane   I 963!
stated that they become modified into a free-
swimming reproductive stage or epitokou» swtm-
ming form when sexually mature. G<>niaclelia is a
common species in our study, occurring in greater
numbers offshore  Map l0!. It may be very
tolerant of oxygen depletion because. it was
abundant at heavily impacted stations during the
l976 New York Bight oxygen depletion pheno-
menon  Steimle and Radosh 1980!.



 CI t menura r/i.~par!

Clyrnenella zonalis and CIymenura dispar. Both
CIvmene/ja and Clp merrrrra are members of the
family Maldanidae  bamboo worms!, They are
highly specialized burrowers, occupying vertical
tubes going down 8 to 30 cm �.1 to 12 in! in the
sedimettt. 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
millirneters above the sediment surface  Sanders
et al 1962; Day 1967!.

Eggs of tnaldanids 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 our study, these polychaetes were collected
in large numbers only in offshore areas  Maps 11
and 12!.

Spiophanes bombyx. Sptophanes is a small
discretely tnotile, 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. The~e 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 gut contains
many sand grains as well as detritus.

Spiophaner, 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 is ubiquitous in the Bight apex
and offshore, particularly in organically enriched
sediments  Map l3!,

Tharyx aCutus. Thort.r is a srnal, sluggish, mud-
dwelling deposit feeder that commonly buries its
body just below the surface of the sediment,
leaving only its palps and tentacular filaments
visible  Day l967!.

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

Lumbrinerls tenuis. Lumbrineris tenui> 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-
tnately equal numbers inshore and offshore  Map
l5!, I'he Lumbrineridae, in general, are thought to



be carnivores, however, Sanders and associates
 l962! found sand, diatoms, and detritus in the
stomachs of L.  ertuis, 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
Lumhrtneris sp. from 'Newport, Rl, described by
Fewkes  f883!, may also refer to this species, In
his study. eggs were found in all stages of growth
during June, July, and August. Early deveiop-
rnent took place within the gelatinous egg masses,
after which crawling, nonpelagic larvae emerged.

Pherusa aNnis. Pherusa is a sedentary, rnud-
dwelling, deposit feeder, reaching about 75 mm �
in! in length; it uses its large palps to collect f'ood
particles from the surface of the sediment. It is
tolerant uf reduced levels of dissolved oxygen and
its coarse epithelium protects it from adverse
environments  Map I 6!.

No reproductive information for this species
was found in the literature, however, Phillip
Faflon  Itquitablc Environmental Health, Wood-
bury, NY, personal communication! found the
peak reproductive periods for P. Vf linis in the
Bight to hc sprtng and autumn, with some
recruit ment almost all year.

ducing quickly and invading areas where defau-
~ation due to natural or man-tnade causes has
ta ken place   Reis h I 910; G rass le and Grass le
1974!. 1hus, 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
~fudge  Map l7!. Studies of environmental
variables likely to affect the distribution of C-
capira a suggest that a high organic content is
most important. Thi» is probably because the
worm does not possess the en1y mes to digest plant
material and thus relics on consumption of
microorganisms or direct absorption of micro-
organism-associated atnino acids for nutrition
 Stephens f975; Warren f977!,

Curtis  f977! studied thc rcproductiv'e
biology of C <apiraIa in Greenland He found
adults brooding eggs and carly unsegmented
larvae within tubes from April to June. Ras-
mussen  f956, f973! lound two separate modes of
development in thc lsefjord where the larvae
developed nonpelagicallyduring thc winter within
adult tubes, but in summer, eggs were protected
within the brood for only l0 to I4 davs before a
free-swimming stage emerged, Reish  I965!
described a stngle specimen from the Bering Strait
that incubated eggs within thc parental tube
during July.

Class Crustacea: Order Amphipoda

  ap>fella capitata. C <rPirekla < apirara is a small
it

fine sediments. C  If>lit'/Iig Is an opportuntstlc
species, resis arc, tslant to increased concentrations of

phosp a'tes anh h' tes and reduced chlorinities, moderately
resistant  o oxy ct   > oxygen stress. and capable of repro-

Unelola Irrorata. Unricila typically inhabits tubes
of other organisms, In a shelf-wide sursey of the
Middle Atlantic Bight, Dickinson and associates
 I980! found Unciola irrorara in all sediment
types throughout the Bight to a depth of 200 rn
�56 feet!. In this study, it was the dominant am-
phipod species in the Bight  Map I8!. Its tnouth
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parts are adapted for feeding on algae or detritus.
Urtciola has an annual life cycle with egg-bearing
females present March to July, one brood per
female  Bousfield 1973!.

Wigley and Theroux �965! report U. t'r
rorara to be a principal food source for haddock.

Protohaustorius deiehmannae and P. wigleyi.
Both species of Protohausrorius are small �.3 crn
or 0,5 in long!, free-living nontube building
amphipods. We found them to inhabit sandy
sediments  Map 19! as did Dickinson and
associates �980!. In their study, P. iviglevi and P.
dei<hmarrrtae occurred throughout the Bight in
sandy sediments at depths <80m  < 262 ft!; P.
deichmanrrae was limited to inshore  < 40m or
< 131 ft! locations, Both are filter feeders. P.
deichmannae has an annual reproductive cycle,
with egg-bearing  'ernales present May to August;
more than one brood is produced per year. P.
Ni/,/eri also has an annual life cycle, with egg-
bearing females present April to August  Bous-
field 1973!.

Class CrtIstacea: Order Cttmacea

Dlastylis quadrispinosa. The C'umacea, small
shrimp-like cru»tacean».;trc priniarily deepwater
forms  Map 20!. I hey live partially buried in
bottom sandy or muddv»ediments, In /!iasrr/Li,
the inhalant respiratory current, while passing
over the inouthp;irt». i» 1'iltered lor 1 nod p.irticles
by»ettie  I!ennell 1934!.

'Swarming behavior t» ch;iracteri»tic «f many
cumacean». I.arge nunihcr», p;irticularly males,
leave their burrows, chiefly at night, and swim to
the surl'acc. I'hi»»warniing may be an adaptation
that tacilitate» mating,. I:gg» are carried in the
marsupiurn of the female and each hatches as a
postlarva in which the last pair of legs ts
undeveloped  Barne» l 963!, Wigley and Theroux
�965! reported l!iait t /i.r qua</ri»pirn>sa to occur
regularly in small tluantitie» in the diet o f
haddock.

Class Gastropoda  llnivalves � snails!

Astyris dissimilis..4» t ri» tlissitni/i~ is a 0.6crn�.2
in! long, deepwater "dove shell."  Map 2I!
According to Abbott �968!. they feed primarily
on soft algae or detritu», However, Hunter and
Brown �964! and Young and Rhoad» �97 la!,
reporting on a related genus and species.. itre aecies. Mitre//a

/unara, classified them as carnivores. preying on
small sessile invertebrates. Their egg. 's are released

in pill-»hapcd cap»ules  Abbott 1968!



q!ass Pelecypoda  Bivalves � clartts attd
mussels!

Nttettla proxlrna. The small, 0.6 cm �.2 in! in
diameter clam, iYtrru/a pr<i,rima, 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 f'ine particles are
moved along the groove to the palps where they
are passed by cilia to the mouth. Nucula is thus a
selective deposit feeder  McCall 1977!.

Nurukr proxima exhibits no egg protection,
larvae are lecithotrophic, feeding on stored yolk,
and have a short pelagic development. Time to
maturity i» unknown  McCafl 1977!.

Tellina agilis. I hi» small �.3 to 1.9 cm or 0,5 to 0,7
in! clam is widely distributed in our study area,
jnhabiting sand or muddy sand  Map 23!, lt is a
mobile. surface deposit feeder: sand. diatoms, and
detritus have been found in its stomach� Sanders
et al 1962; McC all l977!. I he larvae of Tellinaare
planktotrophic. e ith a long pelagic development.
Ttrne to maturity is unknown  McCall 1977!,

Artiea islandiea. The ocean quahog, Arcrica
islartrIira, is a large  8 to 13 ctn or 3 to 5 in! clam
that superficially resembles the hard clam,
Mercenaria oner< enaria. However, the dark
brown periostracum  horny external covering! of
Are i<a is the distinguishing characteristic,

The ocean quahog is a cold water species
found on sof't bottoms from northern Europe.
Iceland, and Atlantic Canada to the Middle
Atlantic Bight, Results of NMFS surveys show
that it is found at depths from 18 to 27 m �9 to 89
ft! to the shelf' edge off New Jersey and the
Delrnarva Peninsula, and in scattered patches
from 37 m {121 ft! of'f Virginia, While the
shoreward boundary has been well established,
distribution and abundance offshore is not well
known  Map 24!.

The biology ol the ocean quahog differs
considerably from that of the other commercial
clams. A roti<a has very short siphons and is a
shallow burrower. It is a f'ilter feeder with the

capacity to filter large amounts of water  Winter
1969!.

The reproduction of an ocean quahog
population off Rhode Island was studied by
Loosanoff �953!. Rapid gonad growth took place
during spring and spawning began at a ternpera-
ture of 13,5'C �6.3'F! in late June or early July
and continued into October. Landers �972!
found that metamorphosis of the planktonic
larvae occurred when they were about 200 u in
length, af'ter he had reared them at 10'C �0'F!
for about 60 days. His attempts to ripen clams out
of season met with limited success.

Accord i ng t o Merrill, C ha r nbe r I i, a nd
Ropes�969!, 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.



I hc 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 �3.5'F! maximum isotherm as drawn by
Walford and Wicklurtd �968!. In the laboratory,
the upper lethal limit for fully acclimated Rhode
Island animals is about 24'C �5.2'F!; the ocean
quahog is active at temperatures as low as O'C,
�2'F!, but activity decreases above 18'C or
64.4'F  Saila and Prat t 1973!.

Although this species is occasionally found
on silt-clay bottoms  Arcisr. and Sandholzer l 947;
Bureau of Commercial Fisheries l9'70!, 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 ha» 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  l977! recently estimated an
annual sustained yield of ocean quahogs of 39,000
metric tons of meat,

Splsula solldlsslma. S~~i<ula solirli rsima, the surf
clam, is the largest bivalve mollusc in the Middle
Atlantic Bight with commercial size individuals
about 12 to 15 crn �.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 18 m �9 ft!,
lt also occurs on coarse bottoms of Georges Bank,
From New Jersey south, populations extend to
depths of 46 m �5I ft!. Very dense beds at an
average depth of I2 m �9 ft! occur off Point
Pleasant and Cape May, VJ. The beds of
Delmarva Peninsula form a band 24 to 48 km  l5
to 30 mi! off the coast at a depth of 27 to 35 rn  89
to I I 5 ft! and currently support the bulk of the US
fishery.

Abundance ol tliis clam is strongly correlated
with the occurrence of co;irsc scdirncnts. Parker
�967! and Parker and I-';thlett �968! reported
that catches in gravel were 2.5;ind 2 times those in
sand, and 5,5and 3 times th<ise iii silt-clay. It is not
known whether surf' clam larv;te show selective

settling in coarse scdirnents. I'heir size and
burrowing ability gimme them obvious advantage
over other bivalves in unstable substrates.

Spisulu is a fitter feeder; i  lies near the
sediment surface and extends sltort fused siphons
into the water. The food <if' fari al <t >i sulu consists
of diatom». greeit algae. and naked  lagellates
 Hirano and Oshim i 1963!.

Surf clams h;ivc a large f«o  and;< hgh  and
relatively slender shell and can h<trroxv rapidly in
Unco ns<! lidatcd scdlmetlts. Sin 'I el;tins may come
to the surface and per 'orm le;ips <tf several feet
when under stress of'crowding <ir predator at tack,
Predators of this clam include th» nt<ion snails

I.uzrutiu Itr ros in deep «;iter and P<~lizti<< r
rlulzlr<'ulus in shallow water. Silt;ilier sul I clams
provide f'ood for I'ish, including cod and haddock,
and for diving ducks.

According to Ropes �968!, sexes are separate
in Spisulu and it ha» beer1 repot"ted that two
spawnings occurred in three successive years off
New Jersey; a major one from rnid-July-August
and a minor one mid- !clober-November, ln a

cool year �965!, a single spavin ning was observed
September and October  Ropes et al 1969!.
Larvae took l9 days t<i reaclt settitig, sire in the
laboratory at 22'C or 71.6'F  I.oosanoff and
Davis 1963!.

Initial growth is rapid; clams can grow to 4.4
cm  l.7 in! by the end of their first year  Yancey
and Welch 1968!. Cl ints reach c<tmnterciaf size of
about l2.5 cm �.9 in! in 5 <o 6 years, after w hich
they grow at a much sl<>~ et rate lor as long as l 7
years. M ax imum si/e is onlv 7.5 t< > l 0 crn � to 4 in!
off Cape C.od but is ah<iut I7.5 crn � in! from
Long Island south.

The modern fishery that de<eloped 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 FisheriesStatistics
1978!. This was a drop from five years 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!.

I he surf darn i» particularly well adapted t<>



withstand inechanical stress, however, little is
known about its ability to withstand pollutants
either as larvae or adults. For example, during the
1976 New York Bight oxygen depletion pheno-
menon, thousands of Spist>/a were found dead
during surveys, with only some recolonization by
juveniles reported in surnrner 1977  Steim!e and
Radosh l 980!.

Class Echinoidea  sand dollars and sea
urchins!

 I ohavanijaya !964!, I'hc breeding cycle of I-'
par>na is variab!e; in thc Gull o! Maine it »pawns
in late autumn  Cocanour and Allen 1967!. near
Woods Hole during early summer  Costello et al
1957!, and possibly throughout the year in New
York Bight  Graef'1977!. Sand do!lar» are of little
economic importance: »ome;irc dried and»old as
ornaments, but they are con»idcred an important
food source for bottom fish such as flounders,
cod, and haddock, and for lobsters.

Phylum Phoronida

Echinttraehnlus parnta. 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 !955!, It is adapted for life in high
energy, unstable environments and, within its
range, i» commonly I'ound 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 Iust heneath thc sand surface. feeding
<>n inicro»copic <irgani»m» and detritus, particu-
larly diat<!m»   . oe 1972!. It grows slowly.
approximately ! to 2 crn/yr �,4 to 0,8 in/yr! and
attains a maximum size of about 8 cm or 3.1 in

Phoronls architects. P/i<rr<»>is is a small worm-
like organi»m. common in muddy and»andy
sediments surrounding waste disposal areas  Map
27!, Like the burrowing anemone. C'erian>he-
ar>»is. it forms a  ube that acts to protect the
worm from the possible toxins in the environ-
ment. It is al»o a suspension feeder and probably
does well in environment» charactcrifed by a high
organic content.

P, ar<I>i>« >a ha» been regarded as a herma-
phrodite. but Hyman  !959! <!uestioned thi» view.
Fertilization is external. No hrooding occur». wit h
eggs hatching as actinotroch», I'ree-swirnrning
ciliated larvae  Go»ner 1971!. After several wcek»
of a free-swimming planktonic existence. the
actinotroch undergoes a rapid metamorphosi»
and sinks to the bottom, where it »ecrete» 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
1913 to September 1974. The other contoured
areas in the outer Bight represent average
numbers of individuals/rn- '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 indicate» the
average number of individuals rn-' of a species
reported for the area. I he f'of lowing legend
indicates the investigator s! for the various
stations:

0 Boesch et al 1977  Data used were
collected at four stations located on the inner
shelf off New Jersey; number ol individuals, m-'
averaged over lour season'» are plotted.!

a Garlo and Saffian l976 �'otal average
numbers of individuals, m-' for year-round
data were used.!

+ Radosh 1972-1973  Data used are aver-
age numbers of individuals' m-' collected May
to November,!

~ Steirnle and Stone l973  Values used
represent a yearly average number of indi-
viduals,' rn'-.!

~ Watling et al 1916 and Leathern et a! 1976
 These data are average numbers of indi-
viduals /m-' for a combinatio~ of Ma> to

August samples,!



Map 5. Ceriantheopsis arnericanus distribution and abundance
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Map 6. Scalihregma iaaf latum distribution and abundance
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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 13. Spiophanes bombyx distribution and abundance
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Map 14. Tahar'yz ap>tus distribution and abundance
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Map 15. Lumbrineris tenuis distribution and abundance



Nlap 16. Pherusa affinis distribution and abundance
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Map 18. Unciola irrorata distribution and abundance

42

1-99/m~

100-999/m2

OOOO-2999/m~

N
41

~pfgl '

,n

HOOK

40

kl
41 ~

Delaware
Bay

CAPE " '
''., MAY

0 lit

39

75 727374

49











Map 23. Teliina agilis distribution and abundance
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Map 24. Arctica isiandica distribution and abundance
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Mgp 26. Echinarachnius parma distribution and abundance
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Map 27. Phoranis architecta distribution and abundance
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special techniques, areas contaminated by sludge
could be identified through indigenous popula-
tions of ciliated protozoans.

Sawyer, Visvesvara, and Harke �977! found
the amoeba. A < rtn ham<>@ha hat< herri, 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 I45 km  9,9 to 90 mi!
offshore.

Sawyer, MacLean, and Ziskowski  I976!
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!, Fpheloru 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 wit h lobsters a nd crabs
taken from the Bight and Sandy Hook Bay, areas
characterized by pollution 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 disease-causing microorganism
 Ziskowski and Murchelano l975!, Rather, it
appear» that a complex set of abiotic-biotic
interactions account f' or disease syndromes in
benthic and dcmcrsal species.

Nematoda

While there have been relatively few compre-
hensive studies of thc rneiof'auna in New York

Bight, I ietjen  l9IIO! recently reported on the

population structure and spccics composition of
the free-living ncmatodcs in these waters. In his
summary, he rcp<irtcd on thi» class «s it occurred
in various sandy sediments and noted that no
significant differences in dcnsitv associated with
sediment type, organic carbon, <>r hcavy metal
concentrations werc observed. In medium sands

with low organic carbon and Iow hcavy metal
concentrations thc nematode I;iuna was charac-

terized by:  I! dominance by tncmbers of the
families C.'hromad<>ridae and I!exmodoridae; �!
low relative abundance of'thc I;imily Cornesoma-
tidae; and �! high species diversity, In silty sands,
and also in medium sands with high organic
carbon and. <ir high hcavy metal concentrations.
the fauna was marked hy:  I! low relative
abundanccs of' the Chromad<iridac and Des-

modoridae; �! high dominance of the Comeso-
matidae; and �l low species diversity. In medium
sands, spccics diversity was signific intly inversely
correlated with increased concentrations of

chromium. copper, lead, and zinc, However. no
such relationship existed in silt> sands. Con-
taminated medium sands were also marked by
high relative abundanccs ol the corncsomatid
SahrrIieria l>t<l< hra, which m;iy be able to tolerate
stressed sands much helter than the nortnal

inhabitants <if such sedimeiits: species belonging
to thc families Chr<imadorid;ie and Desmo-
dnridac.

Hc 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
species of nemat<>dcs. norm;illv inhabiting silty
sands, may increase in abundance in sediments of
a finer nature, as would result I'rom the addition of

organic matter and silts,



Community Structure and Ocean Disposal

ln recent ye;irs. a principal motiiation {' or
researCh in the t3ight;LpCX 1!as been the Concert!
{Or the C{f'eCts ol polliiti<!L!, <icCan disp<!sal, «nd
e»ergo dcV«IOpme»t On living m;irine resuttrees,
I he resillts Ol'C;tfliCr invextig;Ltions indiC'!ted that
lhel'c;Lfe felit'tiollstltps bet W'Cett <1ceiitl disposa1 Of
dredge spoils;ind sewage sludge. cont«min<tnt
input via estuarine disCt!aig>e, and Ch;Inges in lhe
physic il ChelniCat enVirOnmenl and animiil
populations. incliiding ch;ingcs i» benthic c<!m-
munity struCture and patho{Ogic;It <!nun!atici in
invertebrates iind I'inl'ish  t'C'Iree 1972!, ytthse-

<tuent reseiirCh 11;Ls COntiniied t<i den!<inslr;itc th;it
the!'e itic I'Clat tot!st!i ps hetWcen t t!C ol<.'I'<Lll te! Cls
<!t' p<!tlulinn in the t3igt! t;tpcX itnd .'Ldj<tnct W;iters
atld the deietopn!ent <	 disease ii! de!!Eels;il iind
he!it tllc Or'giinlsins   Mat!ORC>>, 'L>>lldllge. 'Lnd tlcilcl
t973; Ciopatan and Young {975; Young and
1'c'tree f975; fisk<!w ski <Lnd MLIIchclano {976!.

Variou» studies have shown elevated values
fOr he'!< X n!clals ind pelr<ileiitn hydrOCarhuns in
lh<; 13tghl <!pcs.."Vfitp 29 It!dlea es t hilt h<."lvy
n!el its irc grc itly Cled'!ted in sedin!en s <it the
t3ight that I'cccilc I'ilel borne COnl;itnin;Lnts and
solid «<isles Ir<in! icw"itgc studg>e «nd dredged
m;tteri;Its..'!in!it;tr {ii!dings hiivc been ma<fc l<ir
I;if!tan t3<ty. !!,'I{Lies stl<!W n OI1 M;ip 9 represent
micr<!p<!tlut;tiit indices tl!al;lre a Combin;iti<!n <	'
ConCCntr it itin <�It<Les t'<ir eaCh n!Ctiit me LsurC<t 'it a

sliillon It!L<'> il single pa I'<tn!uter. 1 tlls p<tnlnielel
haied <!n ii tog'tli hn!ic i'Itt!C o ' thc r;Ltio <i{ th»
prOduCL ol' Inc!ill c<incentl'iti<ins at c;icti st;ltion
retat!ve  <1 il c<'II!t rot of Linlmp'IC'ted I C{erct!Ce
stati<!n  t!iip;Ikosttdii et al {975!. As with thc
rnierOpotlutanl lndiCCS. C<!neentr;!lions <	 organic
rnatter in Ihc t3igt!t {Map 30t f'ottow the sit[tle
patterns obserscd f<ir heavy metals. 1'h<!mas and
associates   1976i'!.< 1 l'<lund pattern» o{ seabed
oxygen consumpti<!n t<i suggest that seabed
Oxygen Cot!siltnptiOn is highly inftuCnced by the
sedimentation <	 oxidizable <!rganic carbon to thc
henth<iiu Name «{ thc hig>hest rates measured
occurre<3 ovct 'the di'edge sp<!ils dtsposat afe<i and
Off ASbury t!ark, ."k.l, near a mui!iCipal sewer
outfall   tvfap 3 l t. Seabed <ix< g>cn c<rnsumption is
an e {ective to<it it! understanding speci 'ic
relationships between organic loading, t <ital
OXygen consumption. and ConCOInitant low
dissolved oxygen  hyp<ixia! events at the sedi-
ment water interface.

1 h<: Use Ol dl>> CI'all < lnd tees  ,st!anni,>LE il nd
Wcavci 19631 1<!r' «sscssing tt!c «lfcc s <il p<illu-
t;ints <in betlthie <!I'g.tl!isr!!i t!,ti hccn IC! lowed in
Withm tin<{ t!»rris �966!.  ;Ill»s,tuel t!ICks<in
�97 1!, t{LLCdr!C{E �97.'!!. 1 <ig;il! itnd 'M.LLIrcr
 {975!, and !tirr! i»d;Lssoci;iles   197'>t.,'!pcc!cs
<3 I< el'sit !' Is <I I'<.'{illl< e Iiilltc fcgill'<1 II!g ll'IC Il<1111bCI'
O{ spCCies It! 1 C<'ill![T!Llnlt< <it ils> oCI'Ill<in w it h
fespeel tO the lolill nLI!n tie< ol II!<{IX i<ti!;Its <jtl<f
n<tnlbefs ol CilCh 4pc<.tc'<. t!ol!!In<!Ill speeles;LI<.'
those «ith t.'IrgC nur»hers <il ii!dii i<{LE;tls. Wtiilc
l.<ig<Ln itnd M;I<II Cl   { 97~1 siiggCSLC<t t h;tt <{;ll;i <ii1
CO111nlittl I'tv '>t f Ucl Ltl'c citnnlil ill<'I it < s bc cl>."it I I < a li<{

brief{>, s<in!n!i<it/cd M tttl tt!c LI~C  ~l 'I <tl!ct-~L ~
Inde i, f1!il t1S a!lib <if% tlil < c 1 < in I! d '< UC h II'ld ICC'<,
wt!en Use<1 ln conlilnCt I<'>n w lib til h<.'I <!hsci'I ilt I<ills

or stitttittc,tt;t!E;Lt!ies, t<i h» llsclill t<!<iti In

Map 29. Micropollutant indices for
New York Bight apex stations

T$%<t '

Source 0 Rados» Sar>d!> Hook Lat>ora>orr



Sovrce Thomas el II 1975c

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 sampled in the New York
Bight MESA and outer continental shelf  areas
located in waters deeper than 36 rn or I l 8 ft!
stations and for McGrath's Raritan Bay stations
 Maps 32 and 33!. Generally, those stations that
have sediments with a high rnicropollutant index
and elevated organic rnatter are also characterized
by benthic assemblages with towered 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  l975!, 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 Raritan River and highly polluted
Arthur Kill, have sediments with extremely high
heavy metal and hydrocarbon values  Greig and

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

McGrath l977; Koons and 1'homas l979!, Other
reports also strongly suggest that Raritan Bay is
heavily contaminated with a variety of pollutants
 Federal Water Pollution Control Administration
f967!.

When diversity values from the OCS stations
are compared with those in the Bight apex and
Raritan Bay  leaps 32 and 33!, the OCS v alues are
regularly higher. 1hc average index  H'! for 64
stations in the apex was l.7; the average for 60
OCS stations was 2.3. Where OCS stations
showed reduced diversities, these could generally
be accounted for hy large numhers 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 in a reduction in total number of indivi-
duals. However. in a stressed environment, this
situation usuaff> 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  W'! of benthic macrofauna at New York Bight
apex  MESA! stations and on outer continental shelf  OCS!
stations

I 50D Qcc
IlKKlrrl ~

'L PLLZIK~~:::

Note: Data estimated from Smith-Mclntyre grab
samples.

Source pea rce er al 1976r'

dominance, increase in numbers of a few indivi-
duals, and or reduced diversity. it can precede the
decline of a particular benthic community. lt is,
therefore, important that in areas known to be
stressed by waterborne pollutants. 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
�915, 1976! reported that organic enrichment of
sea lochs by paper mill efffuents along the coasts
of Scotland and Sweden resulted in predictable
changes in benthic populations and community

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

The average diversity index 1'or Al station» in
Raritan Bay  Map 33! was 0.9. a low diversity
value. Thirteen stations in Raritan Hay were
characterized by samples containing no benthic
fauna recoverable h> the techniques used  a
minimum screen size of 1 mrn or 0.04 in!, The
general trend of extremely lo~ values in thc highly
polluted bay with increasing dhersities seaward
outside the Bight apei suggests that pollution and
other forms of environmental deterioration have
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markedly impacted iipon benthic community
structure,

A special series of stations nested inside the
standard M ESA Bight apex stations was sampled
to determine the impact of accumulations of
organic rnatter 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 1977a!, The average
diversity index for these additional stations was
1.4, somewhat reduced when compared to the
average for all Bight apex station».

Stations inside these heavily polluted. high
organic areas ol' thc Bight apex are characterized
by lower diversity and, in addition, often ex-
trernely large standing stocks of certain species
that can resist the stresses induced by large
amounts of organics. These species included the
bivalve, N. prorrima, the polychaete. P. affinis.
and other detritophagous feeders found at
stations along transect» immediately north and
south ol and directly through thc dredgespoiland
sewage sludge dumping grounds. As was found in
Raritan Hay, occasional grab samples from the
most contaminated area were found to be nearly
or totally devoid ol' 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 ofavailable

resources. The latter species diminish or disappear,
permitting rapid recruitment of the opportunists
due to reduced competition for space and food. As
pollutant loading increases, however, or if 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 «pex, Walker atid associates �979!
used rnultivari;tte statistical techniques t hat allow
analyses of several variables tnd the relationship
of them to each other, to rel;t le principal species to
strata that were defined  p<is -collection strati-
fication! on the basis of sediment type  mean
particle size!, percent organic matter in sediments,
and total concentration ol' certain heavy metals.
Rare species collected during quarterly cruises
were not considered in their analysis, !Nor were
certain marine species regarded as irnpor ant
indicators of pollution  C<rpi r< lfa «rpi rara!,
because while such forms are 1'ound in the apex
study area, they occur in extremely variable
densities and do not lend themselves to the
analysis perf'ormed. the authors agreed with
Boesch and associates �977! that attention
should be focused on equilibrium species of' the
type found around the margins of'areas impacted
by toxic metal» and organic loading, These ben-
thic species appear temporally to be relatively
more stable in abundance and distribution and

therefore more amenable t<i analysis.
The analyses by Walker and associates �978!

indicated species that might be indicators of
stressed vs. nonstressed habitats that have similar

sediment characteristics. These species included
Cerirrnrhe<rpris am<'ri< arri<a,,S'< ruhr i s irr< isa,
Nu<ufa prr>.rirrra, and Phi>r<ini i <r«lrire<'ra, 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 �976! rep<>rted 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 given
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 Raritan Bat in
which the benthic community structure was
altered by ocean disposal and riverine runoff



containing contaminants or organic materials
that stressed the benthos.

McDonough compared the EQ index 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 itnpact on benthic fauna
over a larger area than did chemical analyses I' or
substances such as heavy metals or for carbo-
hydrate,'total organic carbon ratios. The EQ
index delineated an area of 1 lg km-' �6 mi2! as
being of poor environmental quality; this area
encompassed, generally, the portions of the
Christiaensen Basin that received sewage sludge,
dredged materials. and other solid wastes,
possibly from terrigenou» and estuarine inputs.

Use of benthic community structure as an
indicator of man-induced environmental stress
must always be done with the understanding that
benthic organisms are subject to seasonal and
longer term temporal variability. The relative
stability of benthic systems and their dynamic
aspects have recently been reviewed by Boesch
and associates  f976! and Gray �977!. Boesch
and associates �976! suggested that many
comtnon species fluctuate significantly in estua-
rine environments that may undergo rapid
changes in salinity/sediment type and other
phys ica I /che mica I variables. I here fore, irru pti ve
 intrusive! 'tnnuals or euryhaline opportunists
 tolerant ol a wide range of salinity! often
dominate cstuarinc and coastal benthic com-
munities. The dynamic nature of populations
that comprise estuarine and coastal benthic
c<inimunitics may limit the usefulness of short-
tcrm baseline benchmark type survey». However,
a thorough understanding of thc biology of
sclccted species that can respond to stress by
rapidly colonizing ccotones  transition zones! or
margins of stressed area» may lead to a better
understanding of how stress impacts benthic
community structure.

A»  ir ts �977! discussed, changes in dom-
inance may result from biological interactions
rather than through thc effects of natural
physical chemical stresses. Mills  f969! and
Rhoads and Young �970, 1971! demonstrated
that certain specie» of active benthic organisms
can change the sedintent type so as to exclude
of he I species.

lf marine benthic ecologists are to under-
s'tand how nlall s act lv i'ties impact upon living
marine resources. a I'ar greater knowledge of the

biology o ' 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 tnan
interferes with benthic and other marine re-
sources. As Gray �977! noted, this will require a
return to natural histnry, to autecological studies
 Jackson 1968!, where the ceo!ogist i» interested in
the details of a single species or group rather than
the totality of'a community of organisms,

lt is outside the scope of this monograph to
review the sizable literature concerned with the
impactof the numerous known contaminants and
microconstitucnts on benthic organisms. How-
ever, published papers indicate that ocean
disposal ol' various catcgtiries of' wastes and
specific contaminants can have localized and even
extended eff'ects, both spatially and temporally.
Moreover, experimental studies indicate that
levels of specif'ic toxic materials less than those
reported from the Bight can affect the well-being
of experimental animals  Corner 1978; Davies
f978!.

ln many instances, previous bioassay studies
in laboratory situations have not been adequate to
explain causes and el'f'ects of various con-
tarninants. The results often indicate what can
occur in a specific experimental situation but do
little to reveal how similar amounts of contam-
inants might af'I'ect populations in the field,
Future studies should emphasize experiments in
the field conducted in concert with ecological
assessments of change» or trends in populations
and communi ty st ruct ure. S uch experimental
studies must be concerned with the effects of
contaminants and wastes on reproduction,
recruitment, and survival of populations of
dominant and ecologicaHy sensitive species, Such
research must be set in the context of lung-term
assessment and monitoring studies,

The historical trendsdiscussed earlier suggest
that over the past 100 years the impacts of
contaminants were initiaHy observed in enclosed
inshore estuaries but slowly spread seaward
through the open waters of Raritan Bav 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



Conclusions

against which change can hc con>pared.
ln summary, various studies concluded that

dumping and other forms of pollution have
resulted in a multtplicity of contaminant sources
in New York Bight  Swanson 1977!. This im-
mediately precludes attributing change in benthic
communities 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!,
tt is possible to ascribe, with some degree of

The benthic macrofauna of New York Bight and
contiguous waters consists of specie» character-
istic of the Middle Atlantic region. Comparisons
ol species lists for the Bight with those f' or 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 common
inshore species are not tound in deeper shelf
waters whi!e other species apparently extend from
littoral and sublittoral stations seaward to and

beyond the shelf-slope brcak.
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 a!so 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, whi!e not represented by
specimens from numerous locations in the Bight
apex, indicate that in the !963-65 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

confidence, changes in bent!>ic cornmunit ie» to the
gross forms of pollution such as dredged materials
and sewage sludge, lt is more diflicult, however, to
separate the el'l'ccts of these two since it is clear
that the two material» and their effects tend to

coalesce in thc center of the topographic low, the
Christiaensen Basin, in the Bightapex. Moreover.
the inputs ol contaminants via estuarine flow to
coasta! water» further confuse the picture. lt will
only be possible to assess ful!y the effects of
coastal waste disposal through fie!d and labora-
tory research and monitoring designed to measure
contaminant loading from various actis ities and
to establish changes in biota through laboratory
and controlled field experiments.

biomass, and mean numbers ol individuals bv

higher taxa, from sha!low waters � to 24 m or 0 to
79 ft! to deeper slope habitats �,000 to 3,999 m or
6,562 to �, l20 ft!. Such changes can be attributed
to sediment type, water temperature, and availa-
bility of food.

Although there is considcrab!e spatia! and
temporal variation in the distribution and
abundance of benthic organisms, heavy metals,
and other substances associated with sludge and
dredged materials, dumping ol wastes and
estuartne 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 is
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 cornrnunity 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
y'eductions in dissolved oxygen, has rneasurab!e
effects. Laboratory bioassays have shown lethal
and sublethal effects of specific metals  Ca!abrese
et al 1973, 1977, in press! and of' petroleum
hydrocarbons  Anderson, in press! on benthic
species.



References

Abbott, R. 1968. A guide to field identifrtation:
seashells t>f North America. New York, N Y:
Golden Press.

Adams, S., and Angelovic, J. 1970. Assimilation
of detritus and its associated bacteria by
three species of estuarine animals. Ches, Sci.
I I �!:249-54.

Anderson, J.W. In press, Transport of petroleum
hydrocarbons from sediments to benthos
and the potential effects. Ecological Stress
and the New York Bight: Science and
Management. G,S. Mayer, A, Calabrese,
F, A, Cross, D, C. M alins, D.W. Me nzel,
J,S. O' Connor, and F.J. Vernberg, eds.
Solotnons, MD; Estuarine Res, Fed,

Arcisz, W., and Sandholzer, L. 1947. A techno-
logical study of' the ocean quahog fishery,
Comnrer, Fish, Rev, 9�!;1-21.

Babinchak, J., Graikoski, J., Dudley, S., and
Nitkowski, M. 1977. Ef'feet of dredge spoil
deposition in fecal coliform counts in sedi-
ments at a disposal site. Applied an<I Fnv.
Mit rrrhirrl. 34  I !:38-4I.

Barnes, R. I963. Iniertehrate =or>logt. Phila-
delphia, PA: W,B, Saunders Co.

Bigelow, H., and Schroeder, W. 1953. Fishes of'
the Gull' of Maine. Fish. Bull. 53:1-577.

Blumer, M., Sanders, H., Grassle, J., and Narnp-
son, G. 1971. A small oil spill. Environment
13�!:2-12,

Blurner, M., Sass, J., Souza, G., Sanders, H.,
Grassle, F., and Hampson, G. 1970. The
8''est I.'alrrrou lr <ril .ilril/. persistert< e rr f the

pollrrtir>rr tight rrronth» after tire actidertt.
Woods Mole, MA; Woods Hole Oceanogr.
inst, Ref, No. 7 !-44.

Boesch, D., Kraeuter, J., and Serafy, K. 1971.
Benthic ecological studies: rnegabenthos and
macrobenthos. Chentical and Biological
Benchmark Studies on this Middle Atlantic
Continental Shelf, Chap. 6, Vol. ll. Glouces-
ter Point, VA; Virginia Inst, Mar. Stud.

Boesch, D., Wass, M., and Virnstein, R. 1916.
The d y na m ics of est uarine benthic comtnuni-
ties. Fsturrrine Prtrcessei, Vol, I, M. Wiley,
ed, pp. 177-96. New York, NY: Academic
Press.

Bousfleld, E. 1973. Slralhrii -» atcr Ciammaridean
Amphipoda rff' Ne« lrrgland. Ithaca, NY:
Cornell Univ. Press.

Buelow, R. I968, Ocean disposal of' waste tna-
terial. Ocearr Siiences arttl Frrgirteering of
the Atlantic Shelf' ,pp. 311-31, Trans. Na-
tional Symp.. 19-20 March. Philadelphia,
PA.

Bureau of Comtnercial Fisheries. 1970. Ocean
tIuahog suriei, Cruise report, Delaware II
Cruise 70-5. Woods Hole, MA: Nat. Mar.
Fish, Serv.

Cairns, J., and Dickson, K. 1971. A simple
method for the hiological assessment of the
cf'fects of waste discharges on aquatic
bottom-dwelling organisms, J, 8'ater Poilu.
Cont. Fed. 43�!;755-72,

Calabrese, A., Collier, R., Nelson, D., and Mae-
Innes, J. 1973. 1hc toxicity of heavy metals
to embryos of the American oyster  Crasso-
strea sirginica!. Mar. Birrl. 18:162-66,

Calabrese, A., Gould, E., and Thurberg. F, ln
press. Heavy metal effects in marine animals
of the New York Bight. Presented at MESA
Symp. Ecol, Effects Envir. Stress, 10-15
.Iune 1979, New York, NY.

Calabrese, A., Maclnnes, J~ Nelson, D., and
Miller J. 1977. Survival and growth of bi-
valve larvae under heavy metal stress. Mar.
Biol. 41:179-84.

Caraeelolo, J., Pearce, J., Halsey, M., and
Rogers, L. 1978, Distribution and abun-
dance ofbenthic organisms in the Nevi York
Bight, first and second monitoring cruises.
November 1975 and March 1976. Boulder,
CO: NOAA Envir. Res, Lab. Data Rep
ERL MESA'.

Caracctolo, J., and Steimle, F., Jr. In press. An
atlas of the distribution and abundance of
dominant benthic invertebrates in the N'e~

York Bight ape.s ~ith revie~ s of their life
histories. NOAA Tech. Rep. Seattle, WA:
Nat, Mar. Fish Serv,

Cartnody, D., Pearce. J., and Yasso, W. 1973.
Trace metals in sediments of the New York
Bight. Mar. Poilu. Bull. 4 9!:l32-35.



Clark, M. 1964. Biochemical studies on the co-
elomic fluid of Nepthvs hombergti  Poly-
chaeta: Nepthyidae! with observations on
changes during different physiological
states. Biol. Bull, 123:63-84.

Clark, R, 1961. The origin and formation of the
heteronereis. Bt'ol. Rev, 36:199-236,

1962, Observations on the food of

Nepht v.s. Limnol. Oceanogr, 7;380-85.

Cocanour, 8., and Allen, K, 1967. The breeding
cycles of a sand dollar and a sea urchin.
Comp. Biochem. PhvsioL 20:327-31.

Coe, W. 1972. Starfishes, serpent stars. sea
urchin.s and sea cucumhers of the northeast
 Echinoderms of Connecticut!. New York,
NY: Dover Press.

Corner, E. 1978. Pollution studies with marine
plankton. Pt. l. Petroleum hydrocarbons
and related compounds. Adv. Mar. Biol.
15:289-380.

Costello, D., Davidson. M., Eggers, A., Fox, M.,
and Henley, C. 1957, Methodsfor obtaining
and handling marine eggs and embrvos.
Woods Hole, MA: Mar. Biol. Lab.

Current Fisheries Statistics. 1973. US Dep.
Comm, Nat. Mar. Fish. Serv. No. 6659.

. 1978, US Dep. Comm., Nat. Mar. Fish.
Serv. No, 7716.

Curtis, M. 1977. Life cycles and population dyna-
mics of marine benthic polychaetes from the
Disco Bay area of West Greenland, Ophelia
16�!:9-58.

O'Agostino, A., and Colgate, %. 1973. lnfaunal
invertebrates in the near shore waters of
Long hland Sound. Benthos of Northport.
Final report. Long Island Lighting Co.
Contract S R72-22.

Dales, R. l963. Annelids. London: Hutchin-
son Univ, Library.

Davies, A. 1978. Pollution studies with marine
plankton. Pt. Il. Heavy Metals. Adv. Mar.
Btol. 15:381-508,

Day, J. 1967. A monograph on Polvchaeta of
southern Africa. Portsmouth, England:
Grosvenor Press,

Dean, D. 1975. Raritan Bav macrobenthos sur-
vev, l 957- l960. Seattle, WA: NOAA, NMFS
Data Rep. 99.

, and Haskin, H. 1964. Benthic repopu-
lation of the Raritan River estuary following
pollution abatement, Li tnnol, Oc eanogr,
9;551-63,

DeKay, J. 1842. Fishes, Part IV. Zoologt of
/Ve~ York. or the New York fauna: com-
prising detailed descriptions of all the
animals hitherto observed is ithtn the State of
iVeu York. Albany, NY: W.A. White and
J. Visscher.

Dennell, R. 1934. The feeding mechanism of the
curnacean crustacean Diastt Its bradti.
Trans. Ro3al Soc. Fdinhurgh 58:125-42.

Dickinson, J., Wigley, R., Brodeur, R., and
Ledger-Brown, S. 1980. Distribution of
Garnmaridean Amphipoda  Crustacea! in
the Middle Atlantic Bight region. NOAA
Tech. Rep. Nat. Mar. Fish. Serv. SSRF-741.

Duce, R., Wallace, G., and Ray, B. 1976. At-
mospheric trace metal» over the Neo Vorl.
Bight. Boulder, CO: NOAA DR ERL 361-
MESA 4.

Durham, J. 1955. Classification of Clypeaster-
oid Echinoids, Univ. Calif. Publ, Geol.
Sci. 5�1!:73-198,

Emery, K., Merrill, A., and Trumbull, J. 1965.
Geology and biology of the sea floor as de-
duced from simultaneous photographs and
samples. Limnol, Oceanogr. 19  1 j:1-21.

Fager, K. 1963. Communities of organisms. The
Sea, Vol, 2, M.H. Hill, ed. pp. 415-37. New
York, NY: lnterscience Publ,

Fauchald, K. 1977. The polychaete worms. ltlatur.
Hist. Museum Los Angeles Coun >, Sct. Ser,
28:1-190.

Federal Water Pollution Control Administration.
1967. Proc. conf, poilu. of Raritan Bav and
adjacent interstate waters, 3rd Sess. New
York, NY: US Dept. Int.

Fenchel, T., and Riedl, R. 1970. The sulfide
system: a new biotic community underneath
the oxidized layer of marine sand bottoms,
Mar. Biol. 7�!:25548.

Fewkes, J. 1883, On the development of certain
worm larvae. Bull. Museum Comp. ZooL
11: l67-208.



Flneham, A. I969. Amphipods of the shallow
water sand community in the northern Irish
Sea. J. Mar. Biol. Assoc. U.K. 49�!: I003-24.

Fowler. H. I9l l, Crustac'ea of New Jersey. Rep.
NJ State Museum, pp, 35-650. Trenton, NY.

Frankcnbcrg, D. I973, The dynamics of benthic
communities off Georgia, USA. Thalassia
Jugoslavia 7  I !:49-55.

Franz, D. l976. Benthic molluscan assemblages
in relation to sediment gradients in north-
eastern Long Island Sound, USA. Mala-
cologia 15�!:377-99.

Frenke, K. I972. Distribution of fecal coliforrns
in sediments of the New York Bight. Master' s
thesis. Garden City, NY: Adelphi Univ.

Garlo, E., and Hondo, J. l973. Benthic inverte-
brates. Ecolcrgical Studtes in the Bats and
Other fVatertcavs Near Lirtle Fgg Inlet and
in the Oc ean in the Vicinit t of the Proposed
Site for the Atlantic Generating Station,
New Jerser, D.L, Thomas and C. B, Milstein,
eds., pp. I I740. Progr. rep. Jan-Dec 1972.
Absecon, NJ; Ichthyological Assoc., Inc.

Carlo, E., Milsteln, C., and Jahn A. I 978. Impact
of anoxic conditions in the vicinity of Little
Egg Inlet, New Jersey in surntner l976.
Unpub, ms. Absecon, NJ: lchthyological
Assoc., lnc,

Garlo, K., and SaNan, N. I976. Ponar grab, Eco-
lcrgical Studies in the Bays and Other
tVaterN at s Near Little Egg Inlet and in the
Ocean in the Vicinitr of the Proposed Site
for the Atlanti~ Generating Station, New
Jersey, C.B. Milstein and D.L. Thomas,
eds�pp. 69-80, 23949. Progr. rep. Jan-Dec
I975. Absecon, NJ: Ichthyological Assoc.,
Inc,

Goode, G. I887, The fisheries and fishing
industries of he US. Sect. II. A geographical
retien of the fisheries. industries and ftshing
c crmntunities for rhe t ear l880, Washington.
DC; US Gov. Print, Off.

Gopalan, U., and Young, J. I975, Incidence of
shell disease in shrimp in the New York
Bight. Mar. Pc>llu. Bull. 6:I49-53.

Gosner, K. I97 I. Guide toidentification of marine
and estuarine invertebrates. New York, NY:
Wiley-I n terse ience,

Graef, J. I 977. A preliminary investigation of the
growth rate and natural history of Echt.

arachnius parma  Lamarck! in the New York
Bight apex area. Unpub. ms. Sandy Hook.
NJ: Nat. Mar. Fish, Serv.

Grassle, J.F., and Grassle, J.P. l974, Oppor-
tunistic life histories and genetic systems in
marine benthic polychaetes. J. Mar. Res.
32�!:253-84.

Gray, J. l977. The stability ofbenthic ecosystems.
Helgolander tciss. Meeresunter» 30:427-44.

Grcig, R., and McGrath, R. I977. Trace metals
in sediments of Raritan Bay. Mar. Poilu.
Bull, 8 8!:I 88-92.

Hacdrieh, R. I975. Diversity and overlap as
measures of environmental quality. 8'ater
Research 9:945-52.

Hathaway, J. ]ed.!. l966, Data file, Continen-
tal Margin Program, Atlantic Coast of the
United States, Vol. I. Sample collection
data. Unpub. ms, Woods Hole, MA: Woods
Hole Oceanogr. Inst. Ref. 66-8.

Hedgpcth, J.  cd.!. I957. Treatise on marine'
ecolog3 and paleoecology. Vol, I. Ecology.
The Geological Soc. America. Memoir 67.

Hirano, R., and Oshima, Y. I963. Nihon Suisan
gakkai shi, Bull. Japanese Soc. Scientific
Fish. 29�!:282-97  in Japanese!.

Holmc, N. I964. Methods of studying the
benthos. Advances in Marine Biology, F.
Russell, ed.. pp. I 7 I-260. London; Academic
Press,

and Mclntyre, A. I971. Methods for
the stunt of marine benthos. International
Biologtcal Program  IBP! Handbook No.
l6. Oxford, England: Blackwell Scientific
Publications.

Hubbard, K., and Smith, S. I865. Catalogue of
the Mollusca of Staten Island. Ann. Lt ceum
Nat. Hist. Netv York 7:l5I-54.

Hunter, W., and Brown, S. I964. Phylum Mol-
lusca. Keys to marine invertebrates of the
floods Hole region, R,I. Smith, ed., pp.
I 29-52. Contribu. No. I I. Woods Hole, MA
Mar. Biol. Lab�Systematics Ecol. Progr.

Hyman, L. I959, The invertebrates. Vol. V.
Smaller coelomate groups, New York, NY:
McGraw-Hill,

Jackson, J. l968. Bivalves: spatial and size-
frequency distribution of two intertidal
species, Science 16 I:47940.



Jacot, A. 1920. On the marine Mollusca of Staten
island, NY. Nautilus 33:111-15.

Jeffries, H., and Johnson, W. 1974. Seasonal
distributions of bottom fishes in the Nar-

ragansett Bay area: seven-year variations in
the abundance of winter flounder  Pseudo-
pleurcpnec tes americanus!. J. Fish. Res. Bd,
Canada 31:105746.

Jones, J. 1955, Observations on the respiratory
physiology and on the haemoglobin of the
polychaete genus Nepth i s with special refer-
ence to N. homhergii. J. Erp. Bioh 32;
110-25.

Kaplan, E., Welker, J., and Kraus, M. l 974. Some
effects of dredging on populations of macro-
benthic organisms. Fish. Bull. 75�!:445-80.

Klawe, W., and Dickie, L. 1957. Biology of the
bloodworm, Glicera dihranchiata. and its
relation to the bloodworm fishery of the
Maritime Provinces. Bull. Fish. Res. Bd,

Canacla 115: 1-37.

Koditschek, l, and Guyre, F. 1974. Antimicro-
bial-resistant coliforms in the New York

Bight. Mar. Poilu, BulI, 5�!:17-74.

Koons, C'., and Thomas, J. 1979. C» hydro-
< arhcins in the sediments o f the NeN York
Bight, Prcic, I979 Oil Spill Conf.  Preven-
tion, Behasior, Cctntrol, C eanup!, Washing-
ton, DC: American Petrol, inst.

Landers, W. 1972. Early development in the
ocean quahog, Arc'tic'aislandica, Proc. Na-
tional Shellftsh A,ssn, 63:3.

Lear, D., O' Malley. M., and Smith, S.  eds.!.
1977, Fffeets of ocean dumping actisiti,
Mid-Atlantic Bight � I976. Interim Report.
Philadelphia, PA: US Envir. Prot. Agency.

Leathern, W., Wethe, C., and Watling, L. 1976.
Seasonal changes of benthic invertebrate
assemblages in the lightering area. Eco-
logical Studies on Benthic and Planktonic
Assemblages in Losser Delass'are Bai, L.
Watling and D. Maurer, eds�pp, 293-357.
Newark, DE: Univ. Delaware, Coll. Mar.
Stud.

Logan, D., and Maurer, D. 1975. Diversity of
marine invertebrates in a thermal effluent,
J. H'ater Poilu. Cont. Fed. 47�!:515-23.

Lohavanijaya, P. 1964. Variation in growth
pattern in the sand dollar, Ec'hinarac'hnius
parma  Lamarck!, Ph,D. thesis. Durham,

NH: Univ. New Hampshire.

Longhurst, A. 1959. The sampling problems in
benthic ecology. Prc~c. Ncu Zeulattcl Fc«l.
Soc. 6:8-12.

Loosanoff, V. 1953. Reproductive cycle in
Ci prina islanclic a. Biol. Bull. 104�!:146-55.

, and Davis, H. 1963. Rearing ofbivalve
mollusks. Adsances in Marine Biologt, F.S.
RusseH, ed�Vol. 1, pp. 1-136, New York.
NY: Academic Press.

Mahoney, J., Midlige, F., and Deuel, D. 1973.
A fin rot disease of marine and euryhaline
fishes in the New York Bight. Trans. Am,
Fish. Soc', 102:596-605.

Maurer, D., Kinner, P., Leathern, W., and
Watling, L. 1976. Benthic launal assem-
blages off the Delmarva Peninsula. Fstuar.
and Coast, Mar. Sri. 4:163-77.

Maurer, D., Watling, L., and Aprill, G. 1974.
The distribution and ecology of common
marine and estuarine pelecypods in the Dela-
ware Bay area. Nautilus 88:3845.

McCall, P. 1977, Community pat terns and adap-
tive strategies of the infaunal benthos of
Long island Sound. J. Mar. Res. 35:221-66.

McDonough, K. 1976. A benthic index of envir-
onmental quality for the New York Bight
apex and Raritan Bay. Master' s thesis, Stony
Brook. NY: State Univ. New York.

McGrath, R. 1974. Benthic»iacrc~/faunal rensus
of Raritan Bai' =- prelinrinari results. Proc.
Third Symp, Hudson River Ecol, 22-23
March 1973, Bear Mt., NY.

MclVulty, K. ln press, Populations of benthic
macroinvertebrates in the apex of the New
York Bight. Highlands, NJ: Sandy Hook
Lab.

Merrill, A., Chamberlin, J., and Ropes, J. 1969.
Ocean quahog fishery. Fnc i c ctpedia of
Marine Resources, F, Firth, ed.. pp. 125-
29. New York, NY: Van Nostrand Reinhold
Publ. Co,

Merrill, A., and Ropes, J. 1969. The general
distribution of the surf clam and ocean

quahog. Proc, tVat, Shell ish Assn, 59:40-45.

Mills, E. 1969. The community concept in marine
zoology, with comments on continua and
instability in some marine communities: a
review, J. Fish. Res. Bd. Canada 26:1415-28.



Mortensen, T. 1948. 3 ntonc>graph frf the Echin-
oidea, Vok 4. Part 2, Copenhagen: Cly-
peastroidea C.A. Reidzel, Copenhagen.

National Marine Fisheries Service. 1972. The
effeCtS C>f RaSte diSposal in the IVef4 YOrk
Bight. Final Report, Section 2: Benthic
Studies. Rep, submitted to Coastal Engin-
eering Res, Ctr, US Army Corps of Engr�
Washington, DC. H ighla nds, N 3: Sa nd y
Hook Lab.

National Oceanic and Atmospheric Adntinistra-
tlon. 1976. F:valuation of proposed segf.age
Sludge dumpsite areas in the Nef4 York
Bight. NOAA Technical Memo. Boulder,
CO: Envir. Res. Lab.

Newell, G, 195k The life history of Clt mettella
tf>rquata. Leidt Prr>c, Zoo>l. Soc, Lr>nd, 121;
561-86.

Nltkowskl, M., Dudley, S�and Graikoski, J.
1977, ldcntification and characterization of
lipolytic and proteolytic bacteria isolated
from marine sediment. Mar. Poilu. Bull.
8�2!:276-79.

OYonnor, J. 1972. The benthic macrofauna of
Moriches Bay, New York. Biol, Bul/. 142
�!:84-102.

. Kneip, Tta Greig, R., Thurberg, F.,
Stanford, H.. and Ramos, L. ln press.
Organic contarninants in the New York
Bight ccnsystern. Mat. Pr>llu, Bull,

Ogren, l., and C'hess, J. 1969, A marine kill on
New Jersey wrecks. Underwater Naturalist
6�!;4-12.

Palmer, H., and Lear, D. 1963. Fnvironmental
ruric > r>fvninterint c>cean dumpsite, Middle
.Itla>ttif Bight. Philadelphia, PA; US Envir.
Prot. Agency.

Papakostidis, C'., Grimanis, A., Zafiropoulos,
D., C'riggs, G.. and Hopkins, T.1975. Heavy
metals in sediments from the Athens sewage
outlall area. hfvr, Pf>llu. Bull. 6 9!:136-39.

Parker, P. 1967. Clam survey Ocean City, Mary-
land to Cape Charles. Virginia. C<>rnrrt. Fish.
Re t 29�!:53-77.

, and Fahlen, L. 1968. Clam survey off
Virginia  Cape Charles to False Cape!.
Ccrnrnt. Fish. Rev. 30�!:25-36.

, and McRae, E. l970. The ocean quahog
Arr ica irlaadira resource of the north-
western Atlantic. NOHOW  Fish. ln. Res.
6:185-95,

Pearce, J. 1971. indicators of solid waste pollu-
tion. Mar, Poilu, Bull, 2�!:11.

l972. The effects of solid waste dis-
posal on benthic communities in the New
York Bight, Marine Polhttic>n anrl Sea Life.
M, Ruivo, ed�pp. 404-11. Surrey, England:
FAO Fishing News Ltd.

l974a Env.ironmental impact of the
construction phase of offshore floating or
barge mounted nuclear power plants to be
sited between Sandy Hook and Atlantic
City, NJ. Modi fi< ations T/ternticlues et
Eciuilihres Biolr>giques, J. Peres, ed., pp
395%08. Amsterdam, Netherlands: North-
Holland Publ, Co.

l9740 lnvertebr.ates of the Hudson
River Estuary. Ann 7V y .Atud Sti .2.50:.
137-43,

. f975. Benthic assemblages in thedeeper
continental shelf waters of the Middle At-
lantic Bight. Proc. Conf, and 8'f>rkshc>p on
Marine Fny ir. Implications c>f Ofjrhr>re Oil
and Gas Dei elopntent in the Baltimore Can-
ton Regic>n of the Mid-Atlantif Coast. pp.
297-318, 2-4 Dec, 1974, College Park, MD.

, Caracciolo, J., Frame, A., Rogers. L.,
Halsey, M., and Thomas, J. l97ba. fyitzri-
hutic>n and abundant e of l>enthif «rganisn>s
in the Netf York Bight. At ugust /968- Dec em-
l>er /97/. Boulder, CO: NOAA Fnvir. Res.
Lab. NOAA Data Report ERL MESA-7,

, Caracciolo, J., Greig. R., Wenztoff,
D., and Stcimte, F. i 919. Benthic fauna and
heavy metal burdens in marine organisms
and sediments of a continental slope dump-
site off the northeast coast of the United
States  Deepwater Dumpsite 106!. The Deep
Sea � Fcf>fogr and Erplr>itation. E. Dahl.
ed., pp. 104-14. Arnbio Spec. Rep. 6, New
York, NY: Columbia Univ, Press  Royal
Swedish Acad. Sci.

. Caracciolo, J., Halsey, M., and Rogers,
L. t97dft, Temporal and spatial distributions
of benthic rnacroinvertebrates in the New
York Bight, Aim. Soc. Limnol. Oceanogr.
Spec, Srmp, 2:394-403.

74



 araeclolo, Jss Halsey, M., and Rogers,
L. 1977a. Distrihu ion and abundance of
hen hi» >>ra< r<>faurza in the sew age sludge
clisp<zsal area, New Y<zrk Bight apex. Febru-
ar< l975. Boulder. CO: NOAA Envir, Res.

Lab, NOAA Data Report ERL MESA-36.

. Caraceiolo, J., Halsey. M so and Rogers,
L. 1977h, Distribution and abundance of
ben Itic organisnts in the New York-New
Jersey outer < c>ntinental shelf. Boulder, CO:
NOAA Envir, Res. Lab. NOAA Data

Report ERL MESA-30.

, Caraeeiolo, Jsa and Steimle, F. I977e.
Final report on benthic infauna of Deep-
water Dumpsite l06 and adjacent areas
Baseline I<leport on C<znditions in Deep-
s'uter Dumpsite 106. pp. 465-80. NOAA
Dumpsite Eval Rep. 77-1. Rockville, MD.

, and Chess, J. 197 I. Comparative inves-
tigations of the developznent of epibenthic
communities from Cgioucester, Mass., to St.
Thomas. Virgin islands. Pr<J<, Fourth
Fur<>pear  Marine BioyogJ 51 nzp.. J, Crisp,
ed., pp. 55-6I. Cambridge, England; Cam-
bridge Univ. Press.

. Maekenzie, C., Caraeeiolo, J., and
Rogers, L. 1978, Reconnaissance surveJ r>f
the distrihutic>n and abundance c>f hen hi<
<Jrgani snz» in the New York Sight apex. 5-l4
June l973. Boulder, CO: NOAA Envir, Res.
l.ab, NOAA Data Report FRL MESA-41.

, Rogers, L., Caraeciolo, J., and Halsey,
M. I977d. Distrihufiorz ctncl abundance of
hentyzic <>rganisms in the New York Bigh 
ay>ex, fi i c seas<>nal < ruises. A ugus  I 973
 br<>ugh Septe >rher /974. Boulder, CO;
NOAA Envir. Res. Lab, NOAA Data Re-
port E R L M ESA-32.

, Rogers, Lsa Thomas, J., Caraeciolo,
J., Halsey, M., and MeNulty, K. I976e,
Distribu ion and abundance of benthic.
organisms in the outer New York Bight and
proposed alternate disposal si tes June l974
and Februart l975, Boulder, CO: NOAA
Envir. Res. Lab, NOAA Data Report ERL
MESA- IO.

Thomas, J, Caracciolo, J., Balmy,
M., aod Roger, L. 1976d. Disrrihnlion and
abundanc e of benthic organisms in the New
York Bigh  apex, Z-6 August 1973, Boulder,
CO: NOAA Envir. Res, Lab. NOAA Data

Report ERL MESA-8.

Thomas, J., Caracciolo, J., Halsey,
Msa and Rogers, L. l976e Distrihutton and
ahundarue c>/' ben hi«yrgranisnzs in  he New
York Btght ay>e.v, Z6 August-6 September
/974. Boulder. CO: NOAA Fnvir. Res. Lab,

NOAA Data Report ERL MESA-9,
, Thomas, Jsa and Greig, R. l975, A pre-

lirninarJ investigation <lf' the ben hi< re-
source at Deep»ater l!urrtyzsite 106. May
/974 baseline' inl eg igaticln of Deepw a er
Dumpsite y06. NOAA Dutnpsite Eval. Rep.
75-1, Rockville, MD.

Pearson, T. 1975. The benthic ecology of Loch
Linnhe and Loch Eil, a sea-loch system on
the west coast of Scotland. IV. Changes in
the benthic fauna attributable to organic
enrichment. J. I:.xy>. Mar BJ<zy. l;«>I. 20:1-41.

1976, A comparative study of the
effects on the marine environment of wastes

from cellulose industries in Scotland and

Sweden. Anzhi<> 5�!:77-79.

I'ettibotM, M. 1963. Marine polychaete worms of
the New England region, I. Aphroditidae
through I rochochaetidae. Smi hs<lnian inst,
US Na . Museu>rz Bull. 227  I!: l-356.

I'ratt, S. 1973. Benthic fauna. Coastal arzcy Off'-
ShOre Fn<ir<lnrnen a! ynie»tort. Cape Flat-
ter'as fo Nantuc'ke  Sh<>c>/s, S. Saila, Progl afn
Coordinator, Chap. 5, pp. 1-70. Kingston,
Rl: Univ. Rhode island Mar, Publ, Series
No. 2.

Radosh, D. 1972-1973. Benthic surve> of New
Jersey coast 1972-1973. Unpub. ms, High-
lands, N J; Sandy H o ok I ah.

, Frame, A., Wilhelm, T., and Reid, R.
I978. Ben hi< suriet of  he Say in ore Can-

ton Trough, May l974. Draft final rep, to
Bur. Land Mgt. NOAA Rep. No. SHL78-8.

, and Reid, R. In press, Recovery of
benthic rnacrofauna following 1976 hypoxia
off New Jersey. Highlands, NJ; Sandy Hook
Lab.

Rasmussen, F.. 1956. l he reproduct ion and larval
development of some polychaetes from the
lsefjord, with some faunistic notes. Biol.
y<rIeddr, 23  I !:1-84.

l973. Systematics and ecology of the
Isefjord marine fauna  Denmark!. Oyryzeyia
l I: l-495.

75



geld, R., Frame, Aia and Draxfer, A. 1979,
Fnvironmenta/ ha»e/ine» in Long /»land
Sound, /972-/975. NOAA Tech. Rep.,
NMFS SSR F-738.

Reish, D. 1965. Benthic polychaetous annelids
from the Bering. Chukchi and Beaufort
Seas. Proc, US /tlat. Mu»eun! 117:131-57.

. I970. The effects of varying concen-
trations of nutrienti, chlorinity, and dis-
solved oxygen on polychaetous annelids.
8'uter Re». 4:721-35.

l972. Thc usc ol' marine invertebrates
as indicators ol' varying degrees of marine
pollution, Marine Pollution and Sea Life.
M. Ruivo, ed., pp. 203-07, Surrey, England:
FAO and Fishing News Ltd.

Rhoads. D. 1972. Report to US Corps of En-
gineers on the environmental consequences
of dredge spoil disposal in Central Long
Island Sound. I. Benthic biology of the
New Haven dumpsite. Unpub. ms. New
Haven, CT: Yale Univ.

. I973a. III. Benthic biology of the south
control site. Unpub. ms. New Haven, CT:
Yale Univ.

. I9736 V. Benthi.c biology of the Mil-
ford, grant'ord and Guilford dump grounds.
Unpub. ms, New Haven, CT. Yale Univ.

. I973<; Vl. Benthic biology of the New
Haven dumpsite, south control and north-
west control site», Unpub, ms. New Haven,
t."I: Yale llniv.

. I973d. VII. Benthic biology of the New
Haven ihip channel, dumpsite, south and
northwest control sites. summer. Unpub,
ms, New 11avcn. Cl; Yale Univ.

. and Young, D. 1970. The influence ol
deposit-1'ceding organisms on sediment
stab!fity and community trophic structure.
J. Mar. R<». 28:150-78.

, aod Young, ly. I97I. Antmal-sediment
relations in t.'ape Cod Bay, Massachusetts.
II, Reworking by tv fr//rut/iu frrr/i!i ra  Hofo-
thur >idea!..Mar. Btfr/, 1!�!:255+1.

Richards, S., and Riley, C;. 1967. The benthic
epilauna of I.ong Island Sound. Bull. Bin@-
hut!! Oftear!frgr. t'. fr/i, f9�!:89-135.

Rinafdo, R. 1977. if!la!rtif clat!! li»lrert trranage-
tr!et!t Plat!. F tr>irfrrurrerrtali!r!/ra< t »tatetrrent.

Mid-Atlantic and New England Regional
Fisheries Management Councils.

Rogal, U., Anger, K., Schriever, C., and Vale+-
tin, C. 1978. In-situ investigations on small-
scale local and short-term changes of sub-
littoral macrobenthos in Lubeck Bay  west-
ern Baltic Sea!, Helgolander ui»». /fr/eere-
»untert 31:301-13.

Ropes, J. 1968, Reproductive cycle of the surf
clam, S/ri»u/a»fr/idi»iitr!a. in offshore New
Jersey. Birr/. Bull, f 35�!;349-65.

. f'hamberlin, 3., and Merrill, A, l969.
Surf clam fishery. rltrrr Irrfredia rlf Marine
Re»rrurf'e». F. Firth, ed,. pp. 119-26. New
York, NY: Van Nostrand Reinhold Co.

Saila, S., and Pratt, S. 1913. Mid-Atlantic
Bight fisheries. C'fra»tu/ rt!rtl 0/ji/!rrre F n-
virfrnn!etr!u/ /ntetrtfrrt. t".aire Hutte!as to
Nant!!glut S/!rral», 'S, Saila. Program Co-
ordinator, Chap. 6, pp. 1-125. Kingson, Rl.
Univ. Rhode island Mar. Publ. Series. No.2,

Sanders, H. 1956. Oceanography of Long Island
Sound, X. The biology of marine bottom
communities, Bull. Bingham Oteanogr.
Co//, 15:345-414,

. Ipyg. Benthic studies in Buzrards Bay.
I. Animal-sediment relationships. I imnul.
0< eanfrgr. 3:245-58,

. I960. Benthic studies in Burrards Bay.
III. The structure of the sol't-bottom com-
munity. /.it!mr!i, Oeeanfrgr. 5;138-53.

. Goudsmit, E.. Milli, E., and Hampson,
G. I962. A study of the intertidal fauna of
Barnstable Harbor, Mass. /!irrnrr/. Oeean-
 rgr. 7:63-79.

Sawyer, T., MacLean, S., and Ziskowskf,J.1976.
A report on Ephelota sp.  Cifiata, Suctorida!
as an cpibiont on the gills of'decapod crus-
taceans. Ii'atrh. At!ter, Mifrr». Stre. 95�!:
712-17,

Sawyer, T., Visvesvara, Cata and Harke, B. 1977.
Pathogenic amoebas from brackish and
ocean sediments. with a description of Ac an-
t/!atr!t>eha hatfhetti, n. sp, Sf ien< e 196:
1324-25.

Schlee, J., and Sanko, P. 1975. Sunf/ and/grat el.
MESA New York Bight Atlas Monograph
21. Albany. NY: New York Sea Grant insti-
tute.

76



Shannon, C., and Weaver, W. 1963. Themathe-
matiial theorr of communication. Urbana,
II: Univ. Illinois Press.

Simpson, H. 1979. Oreilge .cpoilc anil sewage
.cluclge in the trai e nretal budget of'estuarine
and c'oastal waters, EPA-600/3-79-029.
Narragansett, Rl: Envir. Res. Lab,

Simpson, M. !962a. Reproduction of the poly-
chaete Glue era dihranchiatu at Solomons.
Mar r'land Bictl. Bull. 123:396-411.

1962b. Gametogenesis and early de-
velopment o1 the polychaete Glrcera di-
branchiata, Biol. Bull, 123;412-23,

Small, E. 1974. Analysis of the ciliate Protozoa
associated with the man induced change to
the sublittoral environment of the New York
Bight: twelve month progress report. Sub-
mitted to US Dep, Comm, Nat. Mar. Fish,
Serv, Highlands, NJ: Sandy Hook Lab.

Smith, S. 1887a. Catalogue of the Mollusca of
Staten Island. Proc'. Nar. Sci. Assoc'. Staten
is/anil. Vol. I,

I887h, Repr>rt on the elec'apc>d Crus-
tacea «f tire Albatross dredging off the east
c oast crf tire Urrited States during the sumtner
and auttcnrn c> f l884. Report «f' the US Com-
nriccivner Fi.ch and Fisheries Pt. Xll/.
Comm. Rep. for the year 1885, Append. Sci,
I n ves t.: 605-705.

Soukup, C. In pres~. Seasonal population fluc-
tuations of ciliate protozoa of the New York
Bight. VOAA Tech. Rep, N MFS Circular.

Steirnle, F., Caracciolo, J�and Pearce, J. In
press. Impacts of dumping on New York
Bight apex benthos, Ecological stress and the
New York Bight: Science and Management,
G.S, Mayer, A, Calabrese, F.A, Cress, D,C.
Malins, D.W. Menzel, J,S. O' Connor, and
F J. Vernberg, eds, Solomons, MD: Estua-
rine Res. Fed.

Steimle, F., and Radosh, D. 1980. Effects on the
benthic invertebrate community, Orrgen
Oep!etion and Associated Benthii' Mor-
talitiesin New Yor/ Bight. l976, R.L. Swan-
son and C.J. Sinderman, eds., Chap. 12.
NOAA Prof, Paper No, I I.

Steimle, F., and Stone, R. 1973, Abundanie and
distribution of inshore benthic fauna of
southw estern l.ong island, NV. NOAA
Tech. Rep. NMFS SSRF-673.

Stephens, Ci. 1975. Uptake of naturally occurring
primary arnines by marine annclids. Bicrl.
Bull. 149�!: 397-407.

Stirn, J�Avcin, A., Kerzan, I., Marcotte, B.,
Neith-Avcin, N�Vriser, B., and Vukovic,
S. 1975. Selected biological methods for
assessment of marine pollution, Marine Pol-
lution and Marine II'aste Disposa/, E,
Pearson and F. Frangipane, eds., pp. 307-
27, Oxford. England: Pergamon Press.

Swanson, R. 1977. Status of ocean dumping re-
search in the New York Bight. L H'aterw ar,
Port, Coastal and Oc'carr Dii. ASCF. 103
  W W I !:9-24.

Swartz, R. 1976, Recearch rreecls c <nrcerning pol-
lution oj' the ntarine hentlro», Proc. Int.
Syrnp. Baton Rouge, LA: Louisiana State
Univ�Mar. Poilu. Re», Ctr. for Wetland
Resources.

Swift, D. 1972, Holocene evolution of the shelf
surface, central and southern shelf of North
America. Shelf Seditnent Tratrcpcrrt: Process
and Pattern, D. Swift, D. Duane. and O.
Pilkey, eds., pp. 449-574. Stroudsburg, PA:
Dowden. Hutchinson, and Ross.

, Freeland, G.,  'add, P., Han, t .,
l.avelle, J., and Stubblefield, W. 1976. Mor-
phologic evolution and coastal sand trans-
port, New York-New Jersey shelf. Am. Soc,
Linrnol, Oceanog. Spec. SJ rrrlx 2;69-89.

Taylor, J., and Saloman, C. I968, Some effects
of hydraulic dredging and coastal develop-
ment in Boca Ciega Bay, FL. Fish, Bull. 67
�!:2 I 3-41,

Thomas, J., Phoel, W., O'Reilly, J., and Evans,
C. 1976a. Seabed oxygen consumption in
the Lower Hudson Estuary, Fourth Stm-
pcrsiunr on Huclcc>n Ric er Fc ologr, H,
McKeon and G. I. auer, eds., paper ttI2, New
York, NY: Hudson River Environmental
Soc., Inc.

Thomas, J., Phoel, W., and Steimle, F. 1976b.
New Yorl' Biglrt apex data on tc>tal o.vrgen
c'onsumptiim br the seabecl. Mitre h l974-
Februarr l975. Boulder, C !: NOAA Env.
Res. Lab, NOAA Data Report ERL MESA-
6.



Thomas, Jsa Phoel, W., Steimte. F., O'Rellly, J.,
and Kvans, C. t976c. Seabed oxygen con-
surnption � New York Bight apex. Amer.
Soe, Limnol, Oceanogr. Spec. Srmp. 2;
35449.

Thorson, G. l946. Reproduction and larval de-
velopment of Danish marine bottom inverte-
brates. Midd. Komm, Havundersylg. Copen-
hagen 4  I!: l-523.

l957 Bott.om communities. Treatise

on Marine Erologt and PaleoerologrVol,
I. Ecologr, J. Hedgpeth, ed., pp. 46l-534.
Amer. Geol. Soc., Memoir 67.

Tietjen, J. I 980, Population structure and species
composition of the free-living nematodes
inhabiting sands of the New York Bight
apex, Fstuar. Coast. Mar. Sci. 10:6I-73,

Tlmoney, J�Port, J�GItes, J., and Spanler, J.
l918. Heavy-metal and antibiotic resistance
in the bacterial flora of sediments of New

York Bight. Appl, and Enu. Microhiol.
36�!;465-72.

Turner, H. l 949. Practical problems of the propa-
gation of the soft shell clam, M< a arenaria.
Prr>c. Nat..Shelljish Assn�76-77.

Watford, L., and Wlcklund, R. 1968. Monthlt'sea
tc t»perature struc ture frc5m the Florida
Kc ts tr> Cape Crul. Amer. Gcogr. Soc. Serial
Atlas Mar. Envir. Folio l5.

Watllng. L., and Maurer, D. 1972. Marine shal-
low water amphipods of the Delaware Bay
area, USA. Crustaceana suppl. 3:251-66.

Watling, L., and Maurer, D. 1976, Fcrtlogic'al
stccdies r~n benthic and planktonic anem-
hlages in Iaw er Delaig are Bar. Rep. to NSFj
RANN Progr�Washington. DC, from Coll.
Mar. Stud., Univ. Delaware, Newark, DE.

Watllng, L., Maurer. D., and Wethe, C. I976,
Delaware Bay benthic invertebrate assem-
blages. EcoIogical Studt'es on Benthir and
Planktonic Assemblages in Luther Dela-
»'are Bat, L. Watling and D. Maurer, eds.,
pp. 229-92. Newark, DE: Univ. Delaware,
Coll. Mar. Stud,

Weber, R. 1971, Oxygenational properties of
vascular and coelomic hernaglobins from
Nepthts homhergii  Potychaeta! and their
functional significance. /Veth. J. Sea Res,
5:240-5 I.

West, R., and Hatcher, P. I980. Polychlorin-
ated biphenyls in sewage sludge and sedi-
rnents of the New York Bight. Mar. Poilu.
Bull. I I �!: I 26-129.

Whlttaker, R. l970. Communities and eeosts-
tems. London, England: The Macmillan Co,

Wtgley, R. I956. Food habits of Georges Bank
haddie>ck. US Dep, lnt�Fish Wild!. Serv.
Spec. Scientific Rep. � Fish. I65,

Walker, H...'9aita, S., and Anderson, E. l 979. Ex-
ploring data structure of New York Bight
benthic data using post-collection strati-
ficatic>n of samples, and linear discriminant
analysis lor species composition compa.ri-
sons, F;strrar, Coast. Mar. Sci. 9�!:IOl-20.

Warren, L. I977, 'l he ecology of Capitella capi-
tata in British waters, J, Mar. Biol. Assn.
U. K. 57; l5 l-59,

Watling, L., Leathern, W., Kinner, Psa Wethe, C.,
and Maurer, D. I974, Evaluation of sludge
dumping off Delaware Bay. Mar. PoIlu.
Bull, 5:3942,

, and Theroux, R. 1965, Seasonal food
habits of Highlands ground haddock. Trans,
Amer. Fish. Soc. I94�!:243-5l.

, and Theroux, R. In press. Maero-
benthic invertebrate fauna of the Middle
Atlantic Bight region, U.S, Geot, Survey
Prof. Paper No. 529. Chapter N.

Wllhm, J. I967. Comparisons of some diversity
indices applied to populations of benthic
rnacroinvertebrates in a stream receiving
organic wastes. J. Water Poilu. Cont. Fed.
39�0!: I 673-83.



. and Dorris, T. 1966. Species diversity
ol' benthic macroinvertebrates in a stream
receiving doinestic and oil refinery effluents.
.4»ter. Mid. IVa<ur, 76�!:427-29.

. and Dorris, T. 1968, Biological para-
meters for water quality criteria. Bios<i.
18�!:477-81.

Winter, J. 1969. On the influence of food con-
centration and other factors on filtra-
tion rate and food utilization in the bivalves

Ar< <i< u islun<li<a and Modiolus ntodiulus
Mar. Biol. 4  1!:87-135,

Ywriccy, R., and Welch, W. 1968, The Arlanri<
«ru.rr surf </am ~irh a parrial bihlio-
graphi. US Dep, int., Fish Wild!. Serv. Cir.
288,

Young, D., and Rhoads, D. 197la. Animal-
sediment relations in Cape Cod Bay, Massa-
chusetts. I. A transect study. Mar. Biol.
11:242-54.

1971b, Animal-sediment relations in

Cape Cod Bay, Massachusetts, 11. Re-
working by Molpa<lia»<~!i<<ca  Holothur-
oidea!. Mar. Biol. Il:255-61

Young, J. 1973. A marine kill on New Jersey
coastal waters, Mur. Poilu, Bull. 4�!:70.

, and Frame, A. 1976. Some eff'ects of
a power plant eNuent on estuarine epi-
benthic organisms. 1nr. Rei «e ges. Hr<lrr>-
biol. 61�!:37-61,

, and Pearce, J. 1975. Shell disease in
crabs and lobsters from the Nev York Bight.
Mar. Poilu, Bull. 6:101-05.

Ziskowski, J., and Murchelano, R. 1975. Fin
erosion in winter flounder. Mar. Poilu.

Bull. 6:26-29.





~ ~~ see 6~ ~ne~
~ Unheraay ot Hew Yoe NAT1NAL SEA MAN KPOSITQRY

and CanwllaeNm&y ~f f.M!W 8%NNC
gy gAggAQP V CRMPUS

ggg~jQgg . Rl fFJQQ'P


