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The contincntal shelf of the'Middle Atlantic Bight, from
. Cape Cod to Cape Hatteras on the east coast of the United
States, contains thc 1argest known stocks of ocean shellfish
'of .any comparable coastal area of North America. Principal
species are surf clams, Spisula solidissima; ocean quahogs,
~Arctica islandicai and sea sca1lops, P1acopecten mage1lanicus.
'In summer and autumn of 1976, mass morta1ities of these species
occurredin a 165 kilometer eorridor of severe oxygen depletion .

.paralleling the coast from 5 to 85 kilometers from shore. Mor­
:talities of surf clams, the most severely affeeted speeies,
were estimated in excess of 140,000 metric tons. Aseries of
anomalous' .meteorologica1 and hydrologieal events (partieularly
early warming of surfaee waters, early thermoc1ine development,
and a massive shelf\'1ide phytoplankton bloom) superimposed on
an already stressed eoastal area, was considered to be respon-
sible. .
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INTRODUCTION

Mass mortalities in the sea are common events with a
variety of causes -- physical, ehernieal, and biologieal.
A "t.\ass mortality" ean be described as "an unusual andsharply
defined irierease in rnortality rate, of suffieient proportions'

. to significantly affeet population size and to at least tempo-'
rarily disloeate the eeosystem of whieh the population is a
part. 11 Mass mortalities may be loeal, eonfined to a par­
tieular cove 'orestuary, or they'may be widespread, sometimes
affectinghundreds.of miles of eoastline. Causes of mass
mortalities can be.physieal, chemieal, or biologieal -- or
combinations which produee stressbeyond the limit oftoler-

'anee of individuals in the population. Physieal eauses in­
clude vulcanism, temperature ehanges and extremes, storms,
seaquakes, and v~rtical .upwelling currents. Chemical causes
inelude salinity .. changes and extremes, oxygen depletion, con­
taminant chemicals, and H2S.. Biological causes include pre­
dation, disease, algal blooms and toxins.

Mass mortalities due to many of the.above eauses have
been reported in the scientifie literature, and summary papers
have been published. Probably the most complete is that of
Brongersma-Sanders (1957) -- an exhaustive review of all known
mass mortalities in the sea to that time •. Other reviews in- .
clude those of Sindermann (1970,1976).

An environmental event of heroie proportions, leading to
mass mortalities of many marine species in a' 12,000 square
kilometer area of the continental shelf off the Middle Atlantic
coast of the United States oecurred during the period July-

'Oetober, 1976, due apparently to extreme oxygen depletion and
hydrogen sulfide formation in bottom waters. First reports of'
a developing environmental problem reached the scientific eom­
munity during the July 4th weekend. Sport divers, lobstermen,
and trawler fishermen had observed and reported dead and dying

. animals of all kinds on fishing reefs and wrceks, and on fishing
grounds, off the northern New Jersey coast, just southof New
York City. t~ithin a few weeks the reported mortality areas
had extended southward some 85 kilometers and weIl out on the
continental shelf. Aseries of survey cruises was initiated
to examine the extent of the problem and to assess the damage .
cruises which had to be expanded further and further southward,
all the way to Maryland, and seaward for 100 kilometers.
Oxygen deficient bottom water -- sometimes with zero dissolved
oxygen levels -- was found for a north-south distance of 165
kilometers in a zone or corridor from 5 to 85 kilometers off
the coast.
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In thc central part of this zone, oxygen values were
zero, and hydrogen sulfide was formed below thc thermocline. ~

Oxygen depletion persisted until October, when lower surface
temperatures and mixing, after disappearance of the thermo-.
cline, gradually reoxygenated the bottom water.

Mortalities of fish, lobsters, and molluscan shellfish
were observed. The sedentary forms -- surf clams, ocean
quahogs, and·sea scallops -- suffered the greatest mortali­
ties. Prom almost continuous surveys, it was estimated that
69% of· the surf clam population off the New Jersey coast -­
representing some 143,000 metric tons of meats -- had been
destroyed by October, with significant but lesser mortalities ..
ofocean quahogs and sea scallops. Lobster catches were re- ~
duced by 30% during the period. The New Jersey coast was
declared a resource disaster area in November by the federal
government because of this event ..

As might be expected,.the man in thc street and the news­
paper headline writers irnrnediately jumped to the conclusion .\
that ocean disposal of pollutants --. particularly sewage
sludge dumping, which goes on at a grand scale (over 5 million
tons were dumped in 1976) 20 kilometers from thc coast, was
responsible for this corridor.of death. Concern was also ex­
pressed that this catastrophic cvent might.be rcpeated,
possibly even annually. . . .

Scientific observations suggcsted that large-scale
meteorological and oceanographic phenomena were involved in
production of the zone of oxygen deplctionwhich resulted in
mortalities. A number of research groups -- federal, state,
university and industry -- .participated actively in data col- tt
lection and analysis. The U.S. National Science Foundation
conveneda workshop on the problem in October (National Science
Foundation, 1976), and the participating research groups
organized aseries of their mvn 1;vorkshops in November, in an
attempt to integrate what was known (National Marine Fisheries
Service, 1977).

Prom all this activity a large amount of data has been
assembled and a hypothesis developed, centering on a eombi­
nation of unique atmospheric, hydrographie and biological
events, whieh oceurred in a eoastal urea already stressed by
human organie loading.
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The'major environmental disturbance of 1976 in the
Middle Atlantic Bight may prove to be one of the best­
documented examples that we have of a mass mortality in'
the sea and its short- and long-term impacts on resource
and foodchain species. Scientific studies are continuing,
especially since the possibility of repetition of the event,
at some level of intensity, exists for future years.

EXTENT'OF OXYGEN DEPLETION

Sampling in mid-July~ found the depressed dissolved
oxygen (0.0.) values, some below the level of detection by
standard Winkler procedure, in an area 3 to 35 kilometers
off Barnegat Inlet, 115 kilometers south of Ncw York City.
Values of less than 2 ppm were found between Long Branch
and Beach Haven, a coastal distance of 105 kilometers. Trawl
surveys found dead epibenthic invertebrates and stressed surf
clams in this zone and a notable absence of the normal fin­
fish populations'known to inhabit the area in the summer.

-
By early August, prior to Hurricane Belle, which'passed"

the ,New Jersey coast on August 10~ the anoxie area had moved
or expanded southward, with the center of thc oxygen-depleted
area being found betwcen Barncgat Inlet and Atlantie City, a
distance of 70 kiloffiGters on the central New Jersey coast.
Extrcmely high levels of hydrogen sulfide (to 1.76 mg/I-I)
were also,dctceted near the center of the depleted area. The
hydrogen sulfide was present up to 15 meters from the bottom,
but not above the thermocline (Draxler and Byrne, 1977).

Hydrogen sulfide was also evident in an apparent upwelling
of anoxic bottom water along very restrieted portions of the
immediate shoreline in central New Jersey. Hundreds of fish
of several spceics, ineluding sharks, were trapped along thc
beaeh and killed. Aperiod of strong wcsterly winds was
thought responsible. '

The hurrieane, from which many had hoped for relief, did
not signifieantly alter the situation. Immediately after its
passage, resurveys of stations off Atlantie City whieh had
been surveyed just prior to the storm found some possible
eoastal mixing or an offshore shift, resulting in the less
than 2 ppm 0.0. aren moving from 3 kilometers off the coast
to 25 kilometers offshore as the only apparent effeet. This
was,only temporary, because a second resurvey, five days
later, indicated the anoxie water mass had resumed most of
its pre-hurrieane distribution, with further movemcnt or
expansion south-southcast,(Steimle, 1977a).
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By mid-Scptcmber, the anoxic urea (defined here as the
area wherc bottom watcr D.O.'s werc lcss than 2 ppm), reached
its grcatest known distribution, covcring approximatcly half
the Nmv York Bight", including a tonguc off Long Island, and
extcnding south\vard to thc l1aryland state bordcr (Figurc l).

By thc first week in October, surveys found that the
thermocline was apparently decaying because bottom D. O.
eoncentrations inshore, out from the coastto 40 kilometers,
were increasing to non-hazardous levels. By early November
no traee of oxygen depletion was evident and the 1976 oxygen
depletion phenomenon had evidently ended.

RELATED HETEOROLOGICAL AND HYDROLOGICAL EVEHTS

Data from intensive ficld operations in the Middle
Atlantie Bight during the critical period, combined with
meteorological observations, were examined almost immediately
in aseries of workshops held in October and November, 1976,
to which participating federal, state, university and industry
research groups were invited. It was the general eonclusion
of the workshops that large-scale meteorological and oceano­
graphie phenomena were involved in produetion of the anoxie.
zone which resulted in mortalities. The hypothesis which was
developed focused on a somewhat unique combination of anomalous
environmental events superimrosed on a marginal coastal area,
which has been made eutrophic by man's input of organic
material.

Meteorological events included: .

High February-1'1arch ternperatures with peak river
runoff in February instead of April;

Reduction of cyclonic storm activity during the .
summer to less than half the 25-year average;

Aperiod of 4-6 weeks in June-July with persistent
south or southwest winds.

Physical events included:

Early (February-Hareh) warming of surface waters
and development of the thermocline (thermal strati­
fieation usually begins in April and reaehcs a
maximum ln August);

Early onset of decline in subsurfacc dissolved oxygen
values (January rather than March). Bottom water D.O.
values in May 1976 off Ncw Jersey wcre as low as they
usually are in July. (Arrnstrong, 1977).
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B~ological events included:

A massive bloom of dinoflagellate Ceratium
tripos over much of theMiddle Atlantic Bight~

but particularly concentratcd in the New York
Bight. The bloom began in February, persisted
at least until July, and was concentrated at
and just below the thermocline. .

Since the Middle Atlantic Bight has been the focus of in­
tensive research.by elements of the National Oceanic and At- '
mospheric Administration for several years, and since a number
of earlier'investigations had been conducted, the historical
data base enabled comparison with conditions which existed in
previous years. Based on such comparisons, an explanation of
the events of 1976 could be summarized in several s~eps:.

(1) Oxygen demand from a declining phytoplankton bloom
was superimposed ona shallow shelf area(New YorkBight)
already characterized by reduced dissolved oxygen in an average
summer; (2) this organically rich oxygen demanding water was:
sealed off early in spring by the early onset of a thermocline;
(3) water mass movement was reduced to a·minimal southward flow
of bottom water; and (4) cyclonic storm activity during the
entire period wasabnormally low. with these factors, the
ingredients of disaster to marine animals were present.

FISH 'AND SHELLFISH STOCKS OF TUE
l1IDDLE ATLANTIC BIGUT

Fish and shellfish populations of the Middle Atlantic ,
Bight are abundant and important to· the nation's economy.
Oceanic species of bivalve mollusks -- surf clams, ocean
quahogs, and scallops -- are more numerous here than in any
comparable coastal area in the United States~ Surf clams
harvested from the Middle Atlantic Bight constitute over 50%
of total landed weight of molluscan shellfish in the United
States; the fishery for ocean quahogs is expanding rapidly,
and populations of sea scallops are fished regularly in
deeper waters of the Bight. .

. The'National Marine Fisheries Service has conducted
. surveys of surf clam, ocean quahog, and scallop distribution
and abundance in the Middle Atlantic Bight for a number of
years. The most recent survey for clams, quahogs, and scallops
was' in April, 1976. Results of this survey are shown in
figures 2·, 3 and 4. Total estimated biomass of offshore surf
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clams in the Bight \V'as 875,000 metric tons of meats, with the
New Jersey sector containing 207,000 metric tons. Coastal
stocks of surf clams (within 5 kilometers of shore) in New
Jersey have been estimated at 34,000 metric tons. Total
estimated biomass of ocean quahogs in the Bight was 2,450,000
metric tons of meats, with the New Jersey sector containing
818,000 metric tons. Biomass estimates for sea scallops in
the Bight are not available, but much of the·stocks are com­
posed at present of a single strong year class (1972).
Scallops occupy about 11,500 square kilometers of the shelf
off Ne\V' Jersey.

Finfish species of significance in the Middle Atlantic
Bight include cod, summer flounder, bluefish, striped bass,
mackercl, sea bass, and weakfish. A number of these species
are taken by recreational as weIL as commercial fishermen -­
often with the recreational catch predominating. Some of
the species (such as striped bass) are estuarine-dependent,
while others, such as summer flounder and blucfisll, migrate
vertically to and from the coast, or laterally north and'south
through the Bight. A few species (mackercl, silvcr hake) have
until recently been exploited heavily by foreign distant-water
fleets •. Most of the Middle Atlantic finfish stocks of interest
to U. S. fishermen (other than mackerel) have not declined
drastically in recent decades, and increased landings character­
ize species such as bluefish,.!striped bass and weakfish since
1970).

The National Marine Fisheries Service (and predecessor
agencies) has also conducted trawling surveys for demersal
fish in the Middle AtlanticBight for the past decade, to
provide a basis for continuing stock assessments. Addition-.
ally, recreational fish surveys have been carried out during
the past three years.Landing figures for important recre­
ational and commercial species are summarized in Figure 5.

EFFECTS ON SHELLFISH POPULATIONS

..

e.

Beginning in late July, assessments of the impact on the
surf clam stocks were begun. Signs of stressed surf clams
were noted by divers as early as the July 4th weckend. These
were clams that were not burrowed in the sediment but were
lying free on the surface. Several later trawl surveys also
found live, but gaping clams in their nets. The·first specific
surf clam dredging survey was completed by the end of July.
Mortalities were found in a restricted area off Barnegat Inlet.
ranging between 0 to 56%. A second survey, in early August,
found an average mortality of 10% in clam stocks in the im­
pacted area. The normal mortality is 2% (Ropes and Chang, 1977).
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Subsequent expanded resurveys in September and October
~ found that the average mortality had risen to 100% .at some

• stations in a 12,000 square kilometer sector off New Jersey.
It was cstimated that this represented by October 1976, a
loss of 143,000 metric tons of surf clam meats, representing
about 69% of the offshore surf clam stocks of New Jersey,
and 16% of the estimated total ~liddle Atlantic Bight popu­
lation of the species (Figure 6). Of the coastal surf clam

. stocks . (those within 5 kilometers cf. shore) an estimated
1,700 metric tons were killed in an'area south of Beach
Haven -- representing about 5% of the total inshore coastal
population. Because July is the normal spawning season for

4t surf clams; the impact on future stocks may also be severe.

Mortalities were observed also in New Jersey's ocean
quahog population, a potentially valuable resource species,
which is usually found in deeper water than the surf clam. .
In early August, mortalities for this species were less than'
1%. Mortalities increased in September to almost 8%, with a
high of 40% at some individual stations. The loss to New
'Jersey stocks of ocean quahogs was about 6,600 metric tons,
or less than 1% of the stocks in that sector of the coast
(Figure 7) (Ropes and Chang, 1977),

Sea scallops, which also occur in.deeper water than surf
clams, were affected by the anoxic event. Scallops occupy an
area of 11,500 square kilometers off the New Jersey coast;
of this, 4,300 square kilometers were within the anoxic zone,
and an estimated 10% of the population was killed in a zone
35-55 m/deep (Figure 8) . (MacKenzie, 1977).

The lobster industry off New Jersey also suffered" Some
cf the inshore stocks were killed, and the shoreward migration
of offshore stocks was interrupted.. During the months of June
thru September, normally the most productive months of the
year, landings declined an average 30% compared to the same
period in 1975. The inshore pot fishery, which operates within

. 20 kilometers of shore, was most severely affected. Lobster­
men stated that few offshore migrants entered the fishery in
1976 -- a highly unusual event. (Halgren~ 1977).

Other benthic populations were affected by the anoxic.
water. Effects on the benthic infauna were most noticeable
·in the H2S zone, with reductions in numbers of species and
numbers of individuals. Spccics to species variability in
survival was noted, with a number of polychactcs and sea
ancmoncs quite rcsistant to prevailing extreme environmental
conditions. Among the bcnthic mcgafaunal species affected



were rock crabs (Cancer irroratus, C. borealis)~ mud shrimp
(Axius serratus), mantis shrimp (Squilla sp.), starfish
(Asteria sp.), moon snail (Lunatia heros), sea cucumbers
(Thyone sp.), and sand dollars (Echinarachnius parma). Many
of the more mobile crustaceans were ahle to avoid the de-
veloping anoxia, but not all of them (Radosh et al., 1977;
Steimle,1977b).

Oxygen depletion in bottom waters may prove to be a
common feature in localized areas where ocean shellfish
occur. Drastic changes in abundance of species such as the
surf clarn, which have been observed previously, may in some
instances be caused by anoxia. It may be too, that the
presence of anoxic bottom waters may influence post-larval
settling and survival of clams -- even eliminating set of a
particular year class in certain areas. The existence and
abundance' of the 1976 year class of surf clams in the
formerly anoxic zone will be surveyed in 1977.

The survival of molluscan shellfish in oxygen-depleted
waters, and in the presence of hydrogen sulfide, has been
examined,.and additional experiments are being conducted by
the National Marine Fisheries Service. Earlier studies
(Theede et al., 1969) and preliminary results of current
studies indicate survival of clams for periods of several
weeks in water which approaches zero D.O., but shorter sur­
vival in hydrogen sulfide env~ronments. These experimental
findings agree with field observations in 1976. Surf clams
began showing signs of stress early in July, but mortalities
were not reported until the end of July. The extended period
of anoxia, combined with hydrogen sulfide, resulted in 100%
mortality by October at stations in the most severely af-'
fected zone along the central New Jersey coast, but lesser
rnortality in peripheral areas of less severe oxygen depletion.

EFFECTS ON FISH POPULATIONS

Even though some mortali ties· of finfish \'lere reported
'early in the event; it seems that the principal effcct of
oxygen depletcd.waters below the thermocline was to modify
the normal movements and migrations of a number of species.
Summer flounder, Paralichthys dentatus, were cro\vded within
a narrow coastal zone or in estuaries, where they were readily
available in large numbers to fishermen. Bluefish,' Pomatomus
saltatrix, which norrnally migrate northward through the area
in summer, were shown by results of tagging studies to have
reversed their direction, and rnoved southward (Freeman and
Turner, 1977a, 1977b; Festa, 1977).

-8-

••

•



..

•

•

Demersal species appnrently abandoned the oxygen-minimum
and hydrogen sulfide area completely. Several trawling sur-
veys through the area in August, September, and October dis­
c10sed almost complete absence of any demersa1 fish species -­
an unusuul event 'Vlhen compared ,·li th similar trm"ling surveys
conducted in the Hiddle Atlantic Bight since 1968. Very fev~

dead fish \Vere brought up in the nets during the 1976 surveys,
although dead invertebrates,\Vere common (Azarovitzet a1., 19~7).

There is genuine concern, however, ,that survival of the
1976 year class of demersal spawning,fish may,have been'
severely affected in ~he anoxie zone.

DISCUSSION "

Oxygen depletion in other coastal areas of the,\Vorld~

, ,

There are of course other coastal areas in the wor1d where '
extreme oxygen depletion in bottom waters iso a frequent,' some­
times even an annual"event.

. ::.'{
Marine fish kills releated to oxygen'depletion and hydrogen-

sulfide buildup have been'reported in 'warm sha1low·estuaries
(May, 1973) and in areas of upwelling and mass production 'of
plankton, e.g., off South America and Africa (Brongersma­
Sanders, 1957; Theede et al., 1969).

""
A 'coastal upwelling region famous for its low,oxygen,

hydrogen sulfide production and periodic'mortalities, is off
the southtV'est coast of Africa, in and near lvalvis Bay. Scien­
tific records of mortalities, ,s~~urized by Brongersma-Sanders
(1947 and 1957) extend back to 1837. Dead and dying fish,
cephalopods, and bivalves have been observed with great
frequency,in December 'and January in the sea,and,on the beaches
between 21~ and 25 0 south latitude.The sea bottomof the
region is highly organic, with high'1I2S content and anoxie
bottom waters. Mass mortalities of fish are more severe in
some years than in others, and are'often prcceded by'red to
brown discoloration of the sea from algal blooms. The anoxie

, area involved is approximutely 14,000 squure kilometers, but
interestingly, therc is a narrow coustal.strip about 5 kilo­
meters wide, extending to a depth of 40 meters, wherc sea life
is norma~ and hydrogen sulfide does'not occur (Copenhagen, 1934).

Similar mass mortalities of marine animais in azone of
upwelling have been rcported by Falke (1950) from Concepeion
Bay, Chile., . .

-9-
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}lass morta1ities,particu1ar1y'of benthic fauna, have
occurred in the deeper basins of the Bü1tic,where anaerobic
condit~onsmay persist for, as long as four ycars (Segerstr~le,

1969). Total absence of oxygcn beginning in 1957 caused thc
dceper parts of the Got1and, Gdansk and Bornholm Basins to
becomc 1ife1css descrts in 1958-1959. The total area affected
was estimated at 33,000 square kilometers. The stagnation was
broken in 1962 by a strong inflow of saline water, from the
Kattegat. It is significant that great amounts of nutrients
accumu1ated during the stagnation period; these were brought
to the surface in 1962, resu1ting in an enormous increase in
plankton populations. A similar event had occurred in the ':
early 1930 l s (Kalle,' 1943; Meyer and Kalle, 1950). The most
recent intrusion of North Sea water into the Ba1tic occurred .. ,
in 1975 (Tiews, 1976) following several years of increasing, '
oxygen deplction in bottom \·mters. "This situation of periodic . " ,
stagnation', broken by saline inflows, fo11mved by uplift of , ,
nutrients, favors periodic increase in'biologica1 production -­
unlike other areas of continuous anaerobiasis such as the
deeper (below 100 ,m) zones of the B1ack Sea, which constitute
a nutrient sink and are unprod~ctive of sea life. .1, .

... , ~ ..... ,... . ..

oxygen'depletion of bottom watcrs, with accompanying for-'
mation of hydrogen sulfide, occurred in 'Tokyo Bay ,in 1972
,(Tsuji et a1., 19,73; Seki et a1., 1974), presumab1y re1ated 'ta
an extensive red tide. Since red tides are becoming increasing1y
frequent in eutrophicbays ir. :Japan as \'1e11 as, e1sewhere in thc
\vor1d, anoxic conditions in böttom\vaters can be expec,ted·to'
increase in severity concomitantly. Mortalities of benthic

.organisms, associated with bottom water of low oxygen content, .
occurred in the'Gulf of Trieste, in the North Adriatic in 1974
(Fedra et al., 1976). The authors rcported·scattered areas of 4t
decaying organisms in a region former1y charactcrized by stable '
benthic populations.' " , . . ' .

. " .. .' .. ' ' ~ .~

Oxygen dep1etion has occurred sporadica11y in 110bile Bay,
A1abama -- one of the 1argest estuaries on the Gu1f of Nexico.
Stratification,of the water column over highly organic bottom
resu1ts in summer oxygen dep1etion, and occasiona11y~ because ..
of winds, the water mass impinges on beaches. Fish and inverte-.
brates may be trapped in the anoxie water near beaches -~ often
in a disorientedor moribund condition -- where they are taken
in great numbers ~y residents. The shore1ine phenomenon is
called a "jubilee". Thirty-five such occurrences \vere reported
by Locsch (1960) between 1946 and 1956, but newspaper accounts
go back t6 thc nineteenth ccntury (theear1iest being in 1867).'
May (1973) has reviewed thc history of such events and finds
no increase in their frequency in recent years. He carricd
out detailed oxygen determinations during a "jubi1ee". in 1971,'
and found large areas of the bay with less than 1 ppm dis-
so1ved oxygen in bottom water. Morta1ities of fish, crabs, and

, oystcrs were observed.
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Previous oxygen depletion events in the New York Bight.

There have been previous reports of. fish kills off New
Jersey -- in 1968, 1971, and 1974 (Ogren and Chess, 1969;
Young, 1973; and Young, 1974), and there may have been earlier
problems that were not observed or reported (r~ Hamer, N. J.
Dept. Environmental Protection, pers. comm.). Those which
weredocumented resemblc the events of 1976 in that: I} the
more sedentary organisms found around rocks 'and wrecks and
nearopen bottom were killed; 2) reports originatcd from the
same general area; 3) depressed oxygen levels wcre considered
a contributing factor, and 4) suspendedflocculent material
was present in the water column. The 1976 episode differed
from previous years in that: (I) it began before the end of
June, compared with the August-October period of earlier
problems; (2) the lo\~ oxygen bottom water was cooler (ca.
100e) than reported in earlier publications {14-l8°C}, with
a strong thermocline present in 1976 __ 'a condition not
clearly defined in all previous years, and (3) hydrogen

'sulfide, not previously reported, was detected in 1976 in .1

lethaI concentrations. It may have been present but not ob-'
served in earlier episodes. '

The previous reports of mortalities also covered a much
smaller area. The 1968 event, which appears to have been
the most extensive of the earlier kills, included,a zone from
Sea Bright to Surf City, N. S: (a distance of 70 kilometers),
from'one to about ten kilometers offshore, with a total area
of approximately 600-800 square kilometers (Ogren and Chess,
1969). }1ortalities were reported on and near wrecks and reefs
from early September until late October, 1968. Species af­
fected were ocean pout, cunner, lobsters, rock crabs, musseIs,
surf clams, and starfish. More active species such as tautog,
black seabass, squirrel hake, conger eels, and round scad
apparently were able to escape, and were rarely reported among
the mortalities. Fauna on wrecks offshore of Barnegat and
Atlantic City was normal.

Relevant observations made in the mortality area in 1968
were as folIows: (I) mortalities were restrictcd to waters
less than 30 meters deep; (2) bottom water temperatures were
14-16°C; (3) bottom dissolved oxygen values near the bottom
were loss than 1.0 mI/I; (4) a pronounced thermocline existed;

'and (S) beginning in July and extending to September a'series
of phytoplankton blooms occurred along thc New Jersey coast.



Reexumination of the same urea in May and July, 1969,
discloscd that oxygen valucs ncar thc bottom were in excess
of 7.0 ml/l, and that wred~s had been repopuluted by fish
and crustaceans. No reports are available for 1970, but in
early October, 1971, lobstcrs and rock crabs were reported
dead on several wrecks 12 kilometers cast of Point Pleasant,
New Jersey, in depths of about 30 meters, and also at Shark
River Inlet (Young, 1973). Bottom water temperatures were
high (18°C) andsuspended flocculent material was noted .
low in the water column.

Again no reports are available for 1972 and 1973, but
in August 1974, mortalities of ocean potit were observed on
several wrecks off Point Pleasant, New Jersey (Young, per­
sonal communication). Bottom dissolved oxygen values were
1.0 mI/I, with heavy suspended flocculent material andbottom
water temperatures of l4-l5°C. In early September, 1974,
the Subsea Journal of the ~lanta Ray Diving Club of New Jersey
reported dead lobsters and rock crabs on a wreck off Long
Beach Island, New Jersey.

Thomas et al~ (1976) reported that significant summer
depletion of bottom D.O. in the restricted area.of the sludge
and dredge spoil dump sites, and also in an area close to the
New Jersey shore off Asbury Park, occurred during the summer
of 1974. Low D.O.'s have been reported previously in the
New York Bight dump site areas (Pearce, 1972). D.O.'s in
durnp-site areas.in su~~er of 1975 were higher than1974, and
above the level considered harrnful to most marine life.

Phytopla~~ton blooms.

The appearance and persistenceof a massive bloom of the
dinoflagellate Ceratium tripos in the Middle Atlantic Bight
in 1976 is considered to be a significant factor contributing
to oxygen depletion. Beginning in February, an unusual bloom
of the dinoflagellate was found to be in progress over most of
the outer continental shelf area of the Middle Atlantic Bight.
This Lloom was also noticed at many stations during an ichthyo­
plankton survey during March; the dinoflagellates clogged
coarse-mesh nets from Long Island to Virginia in abundances
which had not been observed in the ten years previous ex­
perience of the ichthyoplankton group sampling in this area
(Figure 9).

with onset of stratification, the bloom became concen­
trated in a band at or below the thermocline, \vithin 100 kilo­
meters of the New Jersey coast. The Ceratium population
appeared to decline sharply by July, and its contribution to

-12-
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bottom oxygen ucpletion in June and July was strongly indi­
cated by the accumulation on the bottom of a centimeter or
more of a brown floeeulent material, whieh eonsisted to a
large extent of dead Ceratium. Additionally, the obser­
vation in late spring and early summer that nueh of the bloom
was coneentrated at or below the thermoeline indieates another
possible mechanism of oxygen depletion, sinee the organism may
exist heterotrophieally. Ceratium is notgrazed upon by. many
planktonie herbivores, so the persistent bloom over aperiod
of several months meant the aeeumulation of large amounts of
oxygen-demanding organie material in the ,~ater column, and
the gradualaeeretion of dead organie material on the·bottom.

"All of this oxygen-eonsuming material,· when eombined with the'
unusual hydrographie events mentioned ~arlier, seems to pro­
vide a reasonable explanation for the observed extreme oxygen
depletion in 1976. (Hahoney, 1977; Halone, 1977) •

. Annual phytoplankton blooms are now a,reality in seetions
'. of the New York Bight, probably in part at least as a eon­

sequenee of organie loading of eoastal waters, particularly .~

from the Hudson River. The mean residenee·time ealeulated fbr
the Ne\~ York Bight is 100 to. 250 days, and estimated. daily
ehemieal inputs from the Hudson River estuary eomplex alone .
are 520 metrie tons of nitrogen and 138 metrie tons of phos­
phate .. Sewage sludge dumping and other human sourees of
nutrients have been cstimated to augment these figures byonly

.minor amounts (~10%). In total though, when natural pro­
duetivity of eoastal waters·is locally enriehed by nutrients
of human origin, a eondition of incrcasing eutrophieation ean
develop -- and oxygen depletion ean be a eonsequenee. It does
seem, however, that the extent and duration of the 1976
Ceratium bloom in the Middle Atlantie Bight would indieate that
it did not oeeur in response ·to loeal nutrient inputs, but was
rather a shelf-wide long-term phenomenon.
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Fig. 1. New York B' h1.g t -- w'1.th anoxie area out1ined.
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Distribution and abundance of surf clams in the
Midd1e At1antic Bight .

40·

31'

,..j
!
i

CD

April 6-May 13
1976

F'1Q<nl2 .

• .r
)-,_i-

~.'. '.--,'.3
• .i•

•

•. /.
;-

• l •." .,

DELAWARE II
SHELLFISH ASSESSMENT ::8'

CRUISE

SURF CLAMS

AFe. PERCENTAGE 01 SAMPLFS WITH NUMBER
sunF CL/WS ty DEPTH(~lo>l",'\l 01

~..i..~~!2~~ SAMPlES
l.ong Islard 200 800 0 0 0 10
New.krsey 167 7G7 66 0 0 30
Dclmarv;) Penin'iuta 111 583 250 56 0 36
V"Ilinia-NCaroI<na n 846 n 0 0 13

Fl:RCENTAGE 01 SAMPLES Wlnl
AAEA sunr- ClAMS bv [lU::;HElS

10 Elu. <10iol::n:~J.---t,jOi.e- NUMUE.R 01

er "''''><6''' tl~ Pu N l~s.~ --~Llong Islard -1-2-4658 884 87
Nt:>w .k'rsey 0 HO 256 634 82
Ddm..,,,,"3 f\'-ninliu1a 4S 134 :>58 46.3 67
Vug'ni.,,-NCarol,na 0 44 522 434 23

SYMBOLS • ... 0 •

•• Je

/
.~

/

­.'.

HAHUAS

7S· 74- 12- 72- 7.-
I-,'--__.L- ..L- .LI Il- -lIL-- -'·...lI_1

•

•

-15-



Fig. 3. Distribution and abundance of ocean quahogs in
the Midd1e At1antic Bight.
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Fig. 4. Distribution and abundance of sea sca110ps in the
Middle Atlantic Bight .
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Fig. 5. Landings of recreationa1 and comrnercia1 spccies
in thc Hidd1e At1antic Bight in 1970 (from
NHFS, 1973)~'
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Fig. 6. She1f area in the Midd1e At1antic Bight where
morta1ities of surf clams occurred in 1976 .
(data from Ropes-and-Chang, 1977) .

•

•

},
! /

/ ./"

i /".. :'
,/ !

i ./
./ !/, w

/' !
,i //

,/ ,'/OISTRISUTION OF ~
.I ,,,'

/ "SURF ClAMS- N,J, SECIOR
,/~ ,,/

,,/'i," ,,/' ~
,I...... / AFFECTED SURF ClAM Z~)NE
I '/! :,'"

74' " 72°

-19-

- '



Fig. 7. Shc1f areain thc Midd1e At1antic Bight whcre
rnorta1ities of ocean quahogs occurre~ in 1976.
(data frorn Ropes and.Chang, 1977).
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Fig. 8. She1f area in the Middle Atlantic Bight where

mortalities of sea scallops occurred in 1976.
(from MacKenzie, 1977).
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Fig. 9. Distribution and abundancc of Ccratium tripos in
the Middlc Atlantic Bight, March, 1976. (data'
from N~WS Ichthyoplankton survey) .. ..
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