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ABSTRACT

The fqrage base for resident and migrétot& fish utilizing Little
Egg Harbor Bay éonsists of at least one‘huﬁdred‘and forty-two invertebrate
and vertebrate taxa. Stomach confentvgﬁalyses conducted on 1,340 fish
of 55 species provide estimates of the importancebof each forage taxa to.
species and species—sizé group components bf the fish‘populations. Over

300 species or genus level predator-prey relationships are documented.

Through comparison of fish survey data and stomach contents, the relative

predation iﬁpact of each fish species on selectéd forage populations was
determined for the study period.

- Little Egg Harbor contains a diverse biological community supported
by at least fouf.primary production modes, AWhile'the troﬁhic structure of 
tﬁe estuary is extremely complex, the importance of calanoid copeﬁods,
ceftain gammérid amphipods, mysid shrimp and carideén shrimp to the pro-

duction of desirable fish species is evident.
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INTRODUCTICON

With the nation's increasing awareness-of environmental conditions,
thé ecological impoftance of marine tidal estuaries'has been a focal
“point of discussion, research and social action; With the advent of
legislative controls on the development and use of estuaries, studies of
ecological relationships within these areas have become subjects of
political as well as scientific concern. In addition to:increasing our
scientific knowledge and our ability to manage populations of estuarine-
éssociated organisms, these studies have become_the basis of regulatory
decisions on how estuarine areas may be used by man. As the philosophical
arguments betwéen "economic'" and "environmental" interests mature and
land use regulatioﬁ becomes a fact of life, the need for detailed, site-
specific evaluations of poteﬁtial ecological impacts increases.

Trophic relationships existing in tidal estuaries have been studied
by a number of researchers as reviewed by de Sylva (1975). General path-
ways of eneréy flow from sun to fish have beeﬁ established. Estuarine
food webs have been characterized as detritus—based ér phytoplankton-based -
with primary consumers consisting of benthic invertebrates of zooplankton
forms. Recreationally or cbmmercially important fishes, with a few ex-
ceptions, are primary or secondary carnivores. While the role of various
invertebrate and forage fish gfoups in estuarine food webs hés been
charaéterized, the species components and the relative importance of these
groups to the production of fiéhvhas not generally been identified. This
is particularly true of Middle Atlantic Coast systems. Regulatory action
on proposed land uses within estuarine areas is, in most instances, based
upon the evaluation of on-site data. Fisheries scientists are often called

upon to collect and/or evaluate these data as to their relationship to the
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production of‘"desirable" fiéh_species. While the overall valﬁe of
estuaries to the production of fi;h in terms of providing both nursery and
feeding habitat may;be an aécepted truth, thé réle of specific sites in

the scheme of production must often be determined indirectiy through
analysis of invertebrate populations. This is especially trué of estuaries
which service transient populations of migratory fish species.

Without reference to the relative importance of given invertebrate

taxa as food to given fish species, the evaluation of on-site data is

"difficult. Of necessity these data often consist solely of a list of

species presenﬁland their densities. It is an intenﬁ‘of this paper to
provide'a reference source for documenting a number ofvspecies—specific
invertebrate~fish relationsﬁips and to examine the relative importance Qf
these felatiohships in omne Middle Atlantic estuarine éystem.

The Little Egg Harbor study area (which includés Manahawkin Bay) is
depicted in Figure 1. The estuary is separated from the Atlantic Ocean by
a barrier beach island, Long Beach Island,‘which is commercially and resi-
dentially developed except for the southern tip} The west shore, south

of Mill Creek, remains primarily in a natural state consisting of a broad

Spartina marsh interspersed4with.tidal creeks. North of Mill Creek, a

"number of lagoon-type housing developments have replaced portions of the

natural shoreline. The bay is shallow with natural depths generally less
than 8 feet. A system of dredged channels runs along the periphery of the

bay and into some of the tributary creeks. Fresh water inflow is limited,

. the primary sources being the Tuckerton, Westecunk and Mill Creeks. Data

collected from July 1973 through February 1974 (Makai 1974) give a surface
watef'temperature range of -2.2°C to 28°C and a salinity range of 21.4 ppt

to 30.8 ppt in the bay proper. The study area has a total surface acreage

Qe :
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‘practical reference to the data from both directions of interest.

of 25,563 acres.
Concurrent to this research, studies of nutrient chemistry, marsh

and phytoplankton pfoductivity, and benthic invertebrate and zooplankton

distributions were conducted by Rutgers University. The New Jersey ‘ . iii
Division of Fish, Game and Shellfisheries concurrently studied finfish

distribution, water chemistry and recreational use in the estuary. The

B i L L

collation of this research may provide the most detailed ‘picture of an
estuarine ecological system ever assembled.
Broad objectives of the present study were to identify the forage base

being utilized by resident and migratory fishes in Little Egg Harbor and

to describe the allocation qf.that base amongst the consumers. The data
and findings obtained are-organized in terms of which species consuﬁedva
given forage item and what items were consumed by a givenvfish species.

While emphasis was placed on describing value of the various forage taxa
to the éverall fish community, the redundancy incurred by describing the

diets of individual fish species was considered desirable since it allows

O
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METHODS

The diet components of the resident and migrétory fish species util-
izing Little Egg Harbor were identifigd through.aﬁalysis of their stomach
contents. Fish were collected at sampling.statidns which were previously
selected for a étudy of fish distributions within the estuary. Collectitns

were accomplished by seine, otter trawl, gill net and in one case by hook

and line.  The sampling was conducted over a two-year period with stations
sampled once a month, except as prohibited by ice conditions or equipment
- failure. Figures 1 and 2 locate stations with the letter indicating

seine, trawl, or gill net gears. In the final data analysis, stations

were grouped into Inlet, Bay, Tidal Ppol, Mill Creek and Lagoon habitat
areas. This allowed for—én overvieﬁ of féragevutilization.within dif—
ferent sets 6f salinity, bottom type, spatial confinement and water quél—
ity parameters., The assignment of stations to these groups was somewhat
subjective in that a number of stations were transitional.. Stations at
the mouths of tidal creeks, for example, shared both bay and creek char-
acteristics, while lagoons connecting directly with Mill Creek has some-
what different characteristics than those situated deep in the lagoon

complex.

Fish captured at thgse stations were immediately placed in marked
containers of lOZ\formalin. Upon return from the field, a subsample of
fish collected at each station was selected for stomach anéiysis. Selection
was geared toward obtaining larger samples of those species which were
"abundant ‘in the study area, and those specieé which were 6f importance in
‘the regional recreational fishery. The sampling gedrs were generally

assumed to be inefficient for the'capture of larger game species such as

-11-
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~adﬁlt weakfish, bluefish gndistriped bass in open bay .and inlet areas;
tﬁus thé samplé is lacking in this respect. _The strifed bass sample was
augmented by hook-and-line-caught fish. The Little Egg Harbor estuary
functions as a nursery area for Weakfish and blugfish and the sample did
adequateiy represent young-of-the-year specimens.
Selected fish were weighed to the nearest gram and measﬁred to the
nearest. ceéntimeter. The stomachs of larger fish were removed and placéd

in vialg‘of 10% buffered (sea water) formalin. Small fish were preserved

whole prior to analysis. Stomachs were removed in a variety of ways de-
pending on species morphology. Generally a cut was made anteriorly -from

anus to gill isthmus with additional incisions dorsally so that the skin

could be folded back to expose the digestive tract. Hemostats were placed.

on the esophagus and &ntestihe proximal to the 'stomach and the tract
severed distal’of the hemostats allowing the stomach to be removed with a
minimum loss of contenfs. In species which‘léck a réadily discernable
stomach, such as the tautog, the anterior portion of the tract was re-
moved withicare taken to include bulging areés. Content analysis was
_acéomplished as follows:

1. The stomach was opened on a gridded plastic culture dish by

pinching the tissue to the plate with a scalpel or, in larger

The operation was carried out under a dissecting scope when
necessary.

2. Contents were spread over a portion of the plate and items
separated by type into different cells of the grid.

3. For-identification, individuals wefe rémoved to a second plate
and keyed. After all types were identified as far as pbssible,

the organisms were counted and the smallest and largest in-

14—
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dividuals éf eaqh.taxon measured via-eyepiece micrometer to
obtain a size range. In cases‘whgrevnumbérs prohibited aétual
counts, as occurred with copepods in some species, the re-
co&ered_organiéms were spread ove£ the grid aé evenly as possi-
ble and counts made in five cells. Results were averaged and

- multiplied by the total number of cells (25).

H4;%“ The volume of each item group was determined by displacemenf

ngAA;in'distilled water. Excess wafer was removed from the organismé
prior to measuremént by touching them with a piece of lens paber.
The precision of volume measurements was dictated by item size.

Large organisms required the use ofilarge cylinders and measure-

ments were to the nearest ml. Measurement to the nearest 0.05 ml
was possible for intermediate-~sized organisms or large numbers
of small items such as mysid shrimp. Measurements in the .05 to

.00l ml range were made with an altered 1 inch .0l ml pipet

equipped with a magnifying glass (Figure 3). A -log was kept on
volumes of small species such as gammarids and copepods of various
size ranges. From this log, avetage individual volumes by length

were calculated using the mid-range length, number of individuals

in the samﬁle and total volume. This assumes a nqrmal distribu-
tion with the mid-range equél to the mean length. In most cases
the distribution of length was skewed to either larger or smaller
individuals. However, it was assumed that the distributions ap-
bproached normality over many samples.‘ Regression lines, of the
form Log Volume (ml) = Log Length (mm) x M + B, were developed
on these calculations for assigning volumes to individuél or-

ganisms which were too small and too few to measure directly

~15-




APPARATUS FOR DETERMINING VOLUMES IN .05to 00! ml. RANGE

FIGURE 3

wire for submerging
material

5 1in 1/100ml

H bottom cut off
above taper

rubber wedge twisted into base
of pipet :

3cc syringe for filling pipet to
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(Figure 4). 1In cases where actual measurements were not available

for estimating volume, geometrical calculations, on the basis
of cylinders, spheres, etc, were used for estimation. Trace items,
such as a few sediment grains or a bit of detritus were assigned cz;

a volume of .0005 ml.

5. .Data sheets recorded fish species, fish length, weight, station

~- of capture, date of capture, time and tide at capture, content

items, number of each item type, volume of each type and size
range. Water quality parameters at time of collections were

. catalogued in a fish distribution study (McClain 1977).

6. Data analysis was -accomplished using the SAS-76 program package
and computer facilities of Rutgers University, New Brunswick,

New Jersey.
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ALLOCATION AND RELATIVE UTILIZATION
-OF THE FORAGE BASE

One hundred and forty-two forage taxa'were identified in the sto-
méch contents of fifty-five fish species surveyed in the Little Egg Harbof
estuary. The tables of Appendix'I list the‘fish species from which each‘
_forage orgahism or group of organisms was recovered. For each consumer

species,‘data are provided on the pércent of its total stomach content

volume composed of the particular forage item, the percent occurrence

of the foragé item in the sample and the average number (or volume) of
forage items in each stomach. Where appropriate, a predation index rank

4 with A

is provided. The predation index was calculated as A x P x 10
equal to the total number of the given forage item recovered from the con-
sumer stomachs divided‘by the number of consumef speciﬁens examined .(in-
dividuals/fish), and P equal to the proportion of McClain's total fish sam-

ple (Table 1). This index provides a relative measure of the predation

impact which a particular consumer population had upon a given forage

population in the study area during the study period. It weighs individual

consumption rates by relative population size. For example, fourspine

stickleback stomachs contained an average of 0.16 Cymadusa compta while
lined seahorse stomachs contained an average of 13. Assuming that these
averages represent an equal proportion of the number of C. compta con-
sumed by each species during a unit of time, a given seahorse would consume
81l times as many C. compta as a stickleback. Howevef, siﬁce there were

far more sticklebacks than seahorses in the estuary (519:1 in McCléin's
survey), the stickleback population represented a greater predation

threat to C. compta that did the seahorse population.

~19-
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The tables of Appendix I indicate potential areas of interspecies com- é%%
petition. Data were not available for determining if food supply was a @
limiting factor for any of the fish species utilizing Little Egg Harbor, ) é::

and thus there is little basis for firm conclusions on food competition

versus food sharing relationships. The diversity of feeding habits ob-

seryed;yould suggest, however, that interspecific competition is minimal.
_,Thefﬁ;ophic structure of the Little Egg Harbor estuary is very com-
plex. Use of the identified food resources is well divided among the

various fish species present and often among size groups within these

species. This division of the forage base adds stability to the trophic
structure. The potentiai for competition is no doubt reduced by a number
of the species-specific, predator-prey relationships observed as well as
by the variety of food items available. This situation in turn is a
function of the diversity of viable ecological niches present in the
system. Such.a condition allows for the concurrent production of a large
variety of fish species of various lifekstages within the estuéry.
It is\important that, except as noted, the daté presented here be

considered only in the positive sense; i.e. utilization of a given organ-

ism by a given fish species is documented, whereas non-utilization is not.
The ébsence of a giVen organism in the fish stomachs may be a function of
sample éize, station selection sampling procedures, or the organism's scar-
city in the estuary. ‘Low utilization of organisms kﬁown to be common

in the study area are noted in the discussions qf the various forage
groupé; however, conditions in other estuaries may well effect different

patterns or degrees of use.

~20-
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. The followiﬂg pages réview findings on the allocation and relative util-
izatioh by fish of the Various.prey.organisms identified.
Appendix I complements the discuséion.
Sediment
Recognizable amounts of sedimeﬁt occurred in the stomach contents of

‘twenty-two fish species. Particles less than 50u were generally not de-

tected;Qr enumerated., It is presumed.that, in most cases, sediment par-
ticlesﬂwe%g ingested incidental to the capture of prey organisms; Fishes
which feed on tube-dwelling amphipods and polychaetes would be expected

to ingest sediment from the surrounding bottom and particles incorporated

in the tubes themselves. The occurrence data is somewhat  biased in favor

of smaller fishes whose diet analyses generally required the use of
higher microscopé magnifications. This increased the chances of detecting
small particles.

The ingestion of sediments may facilitate the digestive processes

of algae or detritus-feeding fishes including the mullets and Atlantic

menhaden. * Of the fourteen mullet stomachs examined, all but one contained

high proportions of sediment. Hildebrand and Schroeder (1928) note that

wﬁite and striped mullet taken from Chesapeake Bay contained substantial
quéntities of mud. Baird (1873) observed large quantities of "mud" in
the‘stomaché of menhéden collected from Great Egg Harbor, New Jerséy.'
There may be a significant nutritional value associated with algae
and bacteria bound to these‘sedimént particles. Suéh components possibly
form a substantial pértion of the eﬁergy intake of the mullets. On the

basis of relative volumes consumed, such a contribution would appear to

-2~




be minor in the other specieé. The relative propensity for the,ingeétion
of éediment, as sﬁggested.in Appendix I, may be of interest in studies con-
. cerning the>transfer of sediment-associaféd;chemical compounds from the
environment to fish.

Algae

Recognizable amounts of algae were observed in the stomachs of

eighteen species of fish. = Component groups included diatoms, filimentous

and solité;y greens and dinoflagellates. The Atlantic menhaden is known

to be a phytoplankton feeder and this was apparent by the high occurrence

of algae in the specimens examined. A nﬁmber of cher species contained
diatoms - which, based on the mouth morphology of the species, were probably
grazed from the substrate. Included in this group were banded killifish,
planehead filefish, striped mullet and white mullet. Algae comprised 15.7
percent of the diet volume of banded killifish and 39.7 percent of the
stomach contents recovered from two filefish specimens. Dinoglagellates
formed an iﬁportant component of the mummichog diet during the suﬁmer at

the tidepool station,

As with_vascular»plant material, the role of algae in the production
of fish within the estuary is, with the exception of menhaden, primarily’
associated with invertébrate forage production. The phytoplankton—copépod
energy transfer is particularly important in the food chains of many small
fish and ultimately tb the diets of piscivorous species (Figures 5 and 6),

Vascular Plant Detritus

Plant fragments in various degrees of decomposition occured in

thirty-five of the fish species examined. Whole sections of eelgrass
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blades were found in some of the larger specimens and were particularly evi-

dent in species consuming'larger blué crabs,.Callinectes sapidus. These
included smooth dogfish, oyster toédfish and American eel. Smaller eelgrass
fractions were observed in a ﬁumber of other fishes. Most of the fibrous
plant material recovered was not readily ideﬁtifiable as to its source.
Fragmentvsizes ranged down to microscopic proportioqs. |

»—Oféthose fishes for whiqh volumetric analyses were conducted, plant
detritus éﬁs ingested in larger amounté by oystér toadfish, banded killi-
fish and smooth dogfish. As a population, oyster toadfish consumed the
largest amount of fibrous plant detritus in the study area. On the basis
of occurrence data and quélitative observafidns, it appeared that this
material comprised a major portion of the diet.volume of white mullet and
sheepshead minnow. Whether these species are capable of digesting fibrous
plant material or ingest it to obtain assodiated algal and bacterial cdm-
ponents is not known. Pyle (1964) noted that the stomaché of sheepshead
minnowslcoliected in Barnegat an, New Jersey also contained high proportions
of detritus.

In most of the other fish species concerned, it is rather certain

that the ingestion of plant detritus is incidental to the capture of other

'Vfood. The opportunity for fish to obtain this material is very high; the

observed volumes consumed are low. Thg highest percent occurrences of
detritus in the fish stomachs by area was observed in the tidepool sample
in association with the sheepshead minnow population.

A large portion of the invertebrate poﬁulations utilized by fish in
Little Egg Harbor are known to be organic detritus feeders. 1In this sense,

the production of desirable fish species is clearly associated with the
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évailability of plant detritus. The pathways and quantifications of in-
vertebrate utilization are subjects requiring further study.

Phyium Nemertea

American eel, brown bullhead and winter flounder specimens contained

the remains of nemertean worms tentatively of the genus Cerebratulus.

Nemerteans comprised 12.27 of the diet volume collected from winter flounder

in the 22-33 cm size range although occurring in only two fish. These
were the f@p largest flounder specimens collected.

Phylum Porifera

Portions of unidentified sponge occurred in the stomach contents of
one summer flounder collected from the bay. Sponges apparently are of
little direct food value to fishes in the system.

Phylum Cnidaria

Class Hydrozoa: Hydroid stolens and polyps occurred in generally small

quantities in the stomach contents of thirteen fish species. They com-
prised 19.8% of the stomach content volume of the two planehead filefish
examined, and may contributé substanfialiy to the diet of this grazing
species. Hydroid pieces were found in two of the three northern puffer
specimens. -This fish is‘presently scarce in the system (Festa 1977), bﬁt_
has been very abundant in past years. No consistent attempt was made to

identify the taxa involved, the genus Campanularia was tentatively identi-

fied in one instance. Hydroids‘may provide habitat for various amphipods.
In the overall fish sample, it is assumed that most iﬁgestion occurred
incidently to the capture of(pther foods. Occurrence in the sample was
highest at the tidepool station in associétion with the sheepshead minnow

and mummichog populations. A somewhat higher occurrence was noted in
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i §pring and fall collections.

Class Anthozoa: An unidentified anemone was found in the stomach of

"a windowpane collected at a bay station.

Phylum Platyhelminthes

Class Turbellaria: Fourteen species of fish contained turbellarians
in their stomach conterts:. While not significant in terﬁs of stomach vol-
ume,_oéggfrence was high in a number of fish, particﬁlarly in bay anchovy.
The go}é g%gyed by turbellarians is unclear.’ Speciﬁens collected from the
fish stomachs did not, in general, show sigﬁs of deterioration and apparently
‘were not being digested by the fish. Most were in the size range of 0.5
to 0.7 mm., and all were presumed to be of the Order Neorhabdocoela.

Phylum Aschelminthes

Class Nematoda: - Sixteen fish species had nematodes in their stomachs.

These nematodes appeared to be immune from digestion. With a few exceptions,

the cuticle of recovered nematodes wés intact and showed no sign of dis-
solution. It is postulated that these nemaﬁodes were lodged in the stomachs -
feeding on materials ingested and partially digested by thevfish. They
were often found intertwinea with other materials in the stomachs. A
fifty percent or higher occurrence was observed in the sample of oyéter £oad—
fish, spot and tautog. The size of nematodes generally increased with the
size of the fish specimens. Spot contained an average of 24.3 nematodes
in their stomach contents. While nematode infestafion did not appear to be
correlated with any gross signs of emaciation, the effect on fish growth
rates, particularly in spot, should be investigated.

These findings contrast with those of Odum and.Heald (1972) who ob-
served few nematodes in the stomachs of fish collected in the North River,.

Florida, although the organisms were common in benthic samples.
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Phylum Bryozoa

Clumps of bryozoa were found in the stqmach contents of one bullhead,
one summer flounder; two tautog and one winter flounder. Bryozoans do
not appear té bé of direct value-as fish fb;d in the Little Egg Harbor
system. Indirectly they may contribute to fish productioﬁ by providing

cover for various amphipods.

'PhylumeQllusca

aClasé?Géstropoda: Gastropod larvae occurred in the diets of six fish

 species. They were of most importance in bay anchovy, which contained an
average of 12.5 larvae per fish. The contribution of gastropod larvae to

the overall anchovy diet was low (1.9% total volume); however, during

particular time periods t%e daily intake was significant. Larvae occurred
in fish collécted from May through August with high numbers encountered

in individual anchovies taken on June 10th (136), July lst‘(158) and July
9th (281). The July 9th specimen was taken from a lagoon station, the
other two from bay stations. Gastropod larvae occurred in a higher pér—
centage of tidal creek and bay station fish with no incidence in tide-
pool specimens. | |

Adult gastropod forms were found in the stomachs of twelve fish species.

At least five taxa were represented:
o

Genus Bittium: Bittium alternatum (Say) was the only species identi-

>fied. It occurred in the diet of winter flounder and oyster toadfish. Un-

speciated members of the génus occurred in fourspine sticklebaék, silver » 

perch and tautog. Stickleback had the highest predation index rank fol-

lowed by silver peréh. 'dccurrence was limited to bay and inlet station é§§
fish. Bittium contributed little to the total volume of the stomach exa-

~mined. Highest occurrence was observed in the tautog sample. ' ggg

26—

%
%
%



Genus Crepidula: Thiéitaxon comprised 55.4% of the totél stomach con- -
tent volume collected from three ﬁorthern puffer and.99% of fhe content
volume of a single 8 cm pefmit. The Genus élso occurred in fourspine sfickle—
back, oyster'toadfish, tautog and winter flounder. In some cases only
the soft body parts were recovered fromvthe fish stomachs. With one ex-

'ception, occurrence was limited to bay collected fish. During the sampling

period): Crepidula apparently was not a major fish food source in the estuary.
A relative increase in the northern puffer population, hdwever, would be
expected to increase the contribution of Crepidula to overall fish production.

Mitrella lunata (Say): This dove shell is found from Massachusetts

to Texas (Abbott 1968)., It occurred in the stomachs of one American eel,

one oyster toadfish, one'pefmit, and one winter flounder. No pattern was
observed in terms of habitat or seasonal occurrence.

Family Nassariidae: Four individuals were recovered from the stomachs
of one bullhead, two oyster toadfish, and one stfiped'burrfish. These re-

mains were teﬁtatively identified as Ilyanassa obsoleta (Say). The species

is abundant in many areas of Little Egg Harbor and its low occurrence in
the fish sample indicates a disproportionately low utilization as fish food.

Haminoea solitaria (Say): This gastropod belongs to a group of'genera

commonly called "Bubble shells'. Abbott notes that, while occasionally
feeding on algae, these are generally carnivorous forms. H. solitaria oc-

curred in the stomach contents of two oyster toadfish taken at bay station

T9 and one winter floﬁnder collected at inlet station T5. ‘
In general, gastropods appear to cdntribute'only minimally to the pro-

duction of fish in Little Egg Harbor. The utilization of Gastropod larvae

by Bay anchovy represented the major trophic relationship observed in the
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survey sample. The relative value of gastropods in terms of fish production
may be very sensitive to large fluctuations of the northern puffer popula-
tion. In past years, this fish was a dominant species in the system.

Class Pelecypoda

Bivalve mollusks were present in the stomachs of sixteen species of
fish. At least nine genera were represented. Since a large portion of the.
pelecypod component consisted of crushed and fragmented remains, it is prob-

able‘thét;a number of other taxa were included in the unclassified category.

In general, adult forms of this class were better represented in the stom-
ach contents than the gastropods. Pelecypod siphons formed an important
portion of the winter flounder diet.

Family Mytilidae: The blue mussel, Mytilus edulis (Linne), was identi-.

bfied in the diets of fourspine stiqkleback, lined seahorse, striped burrfish,
and striped bass. An unidentified mussel occurred in the stomach conteﬁts
of one spot. Although common in the area, the ribbed mussel Modiolus
demissus (Dillwyn) is apparently not heavily utilized by fish in the system.
The occurrence of mussels was limited to fish collected at bay and inlet
stations.

Laevicardium mortoni (Conrad): This small cockle occurred in the sto-

mach contents of a winter flounder taken at bay station T4.
Family Veneridae: The remains of whole venus clams were found in the
stomachs of three spot and the one scup specimen. The survey sample gave

no indication of heavy fish predation on hard clam, Mercenaria mercenaria

(Linne), seed in the estuary. The occurrence of venus siphon tips, pri-
marily M. mercenaria, in the diet of winter flounder is discussed in de-

tail in the section on pelecypod siphons. That relationship represents
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ihe major utilization of the family by fish in the system.
Family Tellinidae: One unidentified tellin was recoveredvfrom a winter

flounder stomach. The fish was collected at inlet station T5 in December.

Ensis directus (Cbnrad):_ The soft pafts oonne razor-clam were col-
lected in entirety from a winter flounder taken'at a lower Mill Creek
station. bNo portions of either valve were observed in the stomach. One
indiyiégal was recovered from an oyster toadfish. This séecies may have
gontributéé,minimally to the siphon tips recovered from Winter flounder.

Tagelus divisus (Spengler): The remains of one specimen were recovered

from a winter flounder stomach.

Mya arenaria (Linne): An entire soft clam was found in the stomach

contents df an American eel taken in Mill Creek. Outside the study area,
the remains of a small soft ciam were identified in the stomach of a mummi-
chog collected in Raritan Bay. Siphon tips and seed clams of this species
have been documented in the diet of winter fléunder in otherAareas as dis-
éussed_in the pelecypod siphon section.

Lyonsia hyalina (Conrad): Seven individuals were collected from the.

stomach of a single winter flounder taken at bay station T4. This was the.
only occurrence of the glassy lyonsia in the fish sample.

Solemya velum (Say): This species was identified in the diet of black

seabass, smooth dogfish and tautog. All occurrences were in August. .The
seabass and tautog specimens were collected at bay station T2.

Pelecypod siphons: Portions of pelecypod siphons were observed in

the stomachs of spot, white perch and winter flounder. This item contri-
buted minimally to the diet of spot and white perch but was a major food

source for winter flounder in the estuary.
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Through direct compafiébn with intact siphons from the various large
pelecypods found in the Little Egg Harbor System, it was determined that

at least 75% of the siphon tips recovered from winter flounder were of

Mercenaria mercenaria. This is the dominant large pelecypod in the study

area, making up 91% by weight of dredge collections of Garlo et al. (1974).

Of the remaining, less distinguishable tips, most appeared to be M. mercenaria

siphéns-iﬁ more  advanced stages of digestion. A few siphon tips from Mya

arenaria were recovered from smaller flounder and at least one siphon of

Ensis directus was observed. 1In contrast, M. arenaria siphons comprised

17% of the diet volume of four winter flounder coliected over soft clém béds
in Raritan Bay suggesting that the fish opportunistically attack either
clam. |

Pelecypod siphons accounted for 14.17%7 of the total stomach content
volume collected from winter flounder in Little Egg Harbor. They ocCurfed
in 27.5%_of the specimens examined at an average of 3.08 siphons per fish.
- Siphons were:not heavily ﬁtilized by.fish in thev3 to 11 cm size group,
occurring in only 7.1% of the samplé. Siphoné_were an important diéf item
in the 12 to 21 cm group of flounder, comprising 22.5% of the stomach con-
tents volume and occurring in 29.3%rof thelsample. This contrasts with
the findings bf Frame (1974) who found only a 2.87% occurrence of siphons in
176 one-year old fish taken from the Weneatic River Estuary in Massachusetts.
Larger fiéh (22-33 cm) consumed higher numbers of siphon tips averaging
over six. per specimen, but the relative importance of the item decliﬁed to
12.4% of the diet ?olume, Siphons occufred in over 50% of these larger win-

ter flounder. One 29 cm specimen contained 82 siphon tips. This predator-

prey relationship was observed throughout the study area with lower intensity .

in inlet stations and the fresher areas of tidal creeks. The highest
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-Vﬂtiiization of hard clams éécurred in the November to May period, reflecting
the.presence of adul£>winter flounder in the esﬁuary.‘

The recoyered siphon tipsvaveraged 5.96 mm in width and had a mean
length of'3.37'mm. There is no.appérent reiationship between the widfh of
the siphon attacked and the length which the fish is able to remo&e (correla-
tion coefficient = 0,54, n = 128). B

”Thgvéccurrence of pelécypod siphons in the diet of'winter floundef has
beEndngyéégted by a number of investigafors; >Kurtzv(l975)_found that un-
identifdied éiphons cpmprised 0.63% and 17.38% by weight of the stomach con-
tehts of 469 winter flounder taken ih Shinnecock and Great South Bay, Long
Island. Of special‘interest'is the paper of Medcof and.MacPhaii (1952),
"The Winter Flounder - A Clém Enemy', which considered predation on soft
clams along the.coast of New Brunswick, Canada. Two thirds of the flouﬁder
specimens they examined containéd soft clam siphons with an average of 16
per fish. Their study concluded that flounders can be enormously destructive
of seed clams and that they injﬁre adult c¢lams by nipping off the ends of
their siphons. |

The effect of flounder predation on the Little Egg Harbor hard clam
population is apparently not as severe as that described on soft clams‘iﬁ
New Brunswick since young or entire hard clams were not present in the fish
stomachs examined; Medcof and MacPhail féund that mortality rates of Mya
over a ten day period were not increased for speciméns having 1/4 to 1/2
inch of‘thei? siphons cut off. Observations in the pfesent study like@isé
suggest little direct mortality associated with.flounder attacks on clam
siphons. During the winter and early spring of 1974, 203 hard clams col-
lected from the adjacent Great Bay estuary were examined as to the condition

of their siphons. Overall, 47.3% of the sample displayed signs of recent
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or past siph&n damage ranging in severity from disfiguration to the total
absence of é siphon. In.lSZ of the specimens the siphonal fentaéles were
missing. - These orgéns contain tactile and chemoreceptor cells (Morton 1958)
which regulate.particle intake and monitor Watef qﬁality. The clams are
apparently able to regenerate'these tentacles. ~ However, the temporary
loss of tentacles wouid be assumed to have some negative effect on the
general function of the animal. Clams in Little Egg Harbor aré subject to.
repefitive attack. Many of the siphon tips recoveréd from the flounder
stomachs had disfigured distal marginé showing signs of healed or regenerated
areas.

The hafd clam - winter flounder relationship is intefestihg because, in
a sense, the_siphons represent a "renewablé food résource” for the flounder

which might be of consideration for aquaculture situations.

Pelecypod larvae: Larval stages of_pelecypoda occurred in the stomach
contents.df one bay anchovy and one spot. Twenty~five larvae were recovered
from the twé fish. Both fish were collected in tidal cfeek stationé; the
anghovy on May 2lst, thevspot on Augﬁst 30th.

Phylum Annelida

Class Oligochaeta: Unidentified oligochaetes occurred in the stomach

contents of fourspine spickleback, pumpkinseed'spnfish, spot and winter
flounder. These worms were assumed to be of the family Tubificidae. With
the possible exception of spot, oligochaetes do not appear to contribute
signifiéantly to the diet of fish ﬁppﬁlations in the estuary. Occurrence
iﬁ spot was limited to‘three fish, two taken in Mill Creek and one from a
Bay statién., The two Mill Creek fish contained 64 and 71 worms with‘the

i

result that oligochaetes comprised 4.2% of the total stomach contents
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collected from the species.: Overall;‘oligochaetes were found in the stoﬁachs
of seven»individual fish. High densities of tubificid worms areboften
.aésociated with organically rich Sedimentslsubjéct to aﬁaerobic conditions.
In studies of Uppér New York Bay, in muddy sediments aléng previously.dredged
éhorelines, densities as high as‘10,969/m2 have been recorded (Texas Inst.,
Inc. 1976).k The utilization of’fubificids by bottbm feeding fishes may be
expected to increase in such areas, however, they wére not observed in thé
limited stomach analysis work coﬁducted at that site,.

Class Hirudinea: One unidentified leech was recovered from the stomach

of a mummichog taken at Mill Creek Station S18 in June.

Class Polychaeta: Polychaetes as a group comprise one of the major

fish food sources in the Little Egg Harbor estdary. Aduit forms were ob-

served in the diets of thirty-two fish species. They comprised over 10%

of the stomach content volume in 16 species, over 30% in five. Larval forms

occurréd in low numbers in the diéts of menhaden, bay anchovy, blueback
hérring, fourspine stickleback, étriped killifishAand wiﬁter flounder. Rel-
atively higher utilizatioﬁ of larvae occurred in lagoon stations. No
~ thorough attempt wasAmade to identify larval forms, however, a large portion
appeared to be spionids. |

Due to the rapid deterioration bf polychaetes in the fish stomachs,
it was difficult to assess thelreiative contribution of the various com-
ponent taxa to the fish diets. At least nineteen families were represented.
Fifteen species were identified. To an extent, the unclassified groups
listed in Appéndix.I might be proportioned relati&e to idenfified taxa; how-
ever, larger species or those species with distinctive hard body parts (jaws,

setae, etc.) were somewhat less likely to occur in the unclassified category.
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As a group, polychaetes were utilized throughout the year and in all habitats.

Family Phyllodocidae: = Three species were identified in the fish sto¥

machs: 'Phyllodoce maculata, P. arenae (Webster), and Eumida sanguinea
(Oersted). TUnspeciated individuais of thevgénus'Eteone were also recovered.
The faﬁily occurred in the diets of six fish spécies being of most importance
in the naked goby sample (3076% volume). éﬁot were determined to have the
greafest ﬁreaation impact on the family followed by the nakéd goby‘and

mummichog. Phyllodoce was observed in fish taken at bay, lagoon, and Mill

 Creek stations. Eteone appeared to be more closely associated with the Mill

Creek and tidepool stations, but also occurred in fish collectea from bay
and lagoon stations. The genus was also identified in the stoﬁach contents
of a spot taken in Raritag Bay. The single Eumida identified was found iﬁ
a winter flounder collected at bay Station T2.

Family Aphroditidae: Two individuals were collected from the stomach

contents of winter flounder. The remains could not be speciated. One flounder

was taken at lagoon station S10 and one at bay station T2.

Family Polynoidae: Unidentified members of this family occurred in two

winter floundér, one collected at inlet station T5 and one at bay station

T2. A total of five individuals were observed.

Family Sigalionidae, Genus Sthenelais: One individual ﬁas identified
in the stomaéh contents of a winter flounder collected in Mill‘Creek.

Family Syllidae: Two individuals were observed. One Qas in a foﬁrspine
stickleback collected at bay station T4 and one in a spot collected at bay

station'Tll.

Family Glyceridae, Genus Glycera: A total of twenty-eight glycerids were

identified in the stomach contents of Northern kingfish, white perch and
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wintér flounder. ‘Glycera americana (Leidy) was the only speciés positively
identified; however, it is likely that other species were involved. G.

dibranchiata (Ehlers) was recovered from one of 4-winter flounder collected

in Raritan Bay, New Jersey. In Little Egg Harbor the genus was of importénce

in the diet of large winter flounder and comprised 9.9% of the stomach con-

tents collected from two kingfish. Winter flounder had the greatest pre-

‘dation impact during the study period. TUtilization was considerably higher

in fish collected at inlet stations. No seasonal pattern was apparent,

Family Goniadidae: Glyinde solitaria (Webster) and Goniadeila gracilis
(Verrill) were fentatively identified. Occﬁrrence was limited to winter
flounder with most utilization by young—offthe—yéar fish. This family oc- _
curred in ten fish, nine -of wﬁich were collected during the summer; eight
of the ten were from bay stations,

Family Nephfyidae, Génus Nephtys: One small bluefish (10- cm), one
spof and one largé winter flounder contained Nephtys remains. The bluefish
and spot were collected from lagoén station T18 in July, the flounder wés
from a bay station. |

Family Nereidae, Genus Nereis: Nereis succinea (Frey and Leuchkart)

was theldominant species observed although other unidentified species oc-
curredvin the fish stomachs. ‘Thé rather distinctive prostomium, antennae,
and -jaws of this genus facilitated the recognition of quite skimpy and

well-digested remains. It can be assumed that most occurrences were enu-
merated. The high utilization of this genus relative to other polychaete
components as indicated by Appendix I is probably artifactual to some de-
gree. Even so, this“genus clearly represented one of the major polychaete

taxa in the fish diets examined. It occurred in fifteen species, being
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of significant importance in the stomach contents of 6 to 10 cm bluefish,

11 to 13 cm oyster toadfish, and 12 to 21 cm winter flounder. With the
exception of. the tidepcol station, occurrénce was system-wide, from low
salinity areas of Mill Creek to dnlet-collected fish. Greatest preda- ' “'iii

tion impact on the genus was effected by Atlantic silversides, bay an-

chovy and winter flounder. Sanders et al. (1960) characterized the =

generic Nereis caudata in Barnstable Harbor, Massachusetts as an in-

discriminate deposit feeder subsisting primarily on diatoms and detritus.
Family Spionidae: Three genera were identified in the stomachs of
the sampled fish. The family occurred in seven spécies, being utilized

to a lafger extent by brown bullhead, spot and young-of-the-year winter

flounder. Spot had the greatest predation impact on this group of poly-

chaetes. Scolecolepides viridis (Verrill) was observed in stomach contents
of bullhead and white perch collected in Mill Creek and winter flounder
taken in the bay. The genus Polydora was dominant in the group, occurring
in menhaden, , anchovy, foﬁrspine stickleback, spot, white perch, and winter
flounder. P. ligni (Webster) was the only species idgntified. ‘Relative
qccufrence'éf this species was highest in bay and tidal creek fish., Utili-

zation was ﬁarkedly higher during the spring.

Streblospio benedicti (Webster) was a diet item of winter flounder.

Sixty—seven individuals were observed in the stomach contents of three
flounder collected in Mill Creek. One 6ccurrence was recorded for an ' -
inlet-collected fish. This spgcies comprised 38% of the stomach content
volume of four winter flounder'colléctéd in Raritan Bay.

Family Capitellidae: Component genera were not distinguished. - Poly- , é%%
chaetes of thié family occurred in four fish species with heavy utiliza—

tion by 3 to 21 cm winter flounder. They comprised 21.8% of the stomach
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content volUme_of eight naked goby specimens bﬁt occurred in only one
of the fish. Overall utilization was highest during the summer. Some-
what greater use was observed in inlet—colleétei fish but the family
was represented in all habitats except the tidepool.

Family Maldanidae: Cylmenella torquata (Leidy) was a stomach con-

tent component of scup and winter flounder. ‘Occurrence was limited to

bay station fish. Maldanopsis elongata occurred more frequently in the

flounder sample and again was limited to bay stations. This species’

_was also observed in the stomach contents of one grey snapper.

Family Terebellidae: This group was an impértant diet item for
large winter flounder. It occurred in 48.9% of the sample comprising

16.5% of the content volume. Pista palmata (Verrill) was the major com-

ponent.and the only species identified. Other unidentified species were
representéd in the samﬁle. P. palmata occurred pfimarily in bay-collected
fish; hdwever, ten specimens were observéa in two flounder coliected at
the mouth :of Mill Creek. TUtilization by flounder was notably higher dur-
ing the spring months. An unidentified terebellid was also collected
from the one scup séeciﬁen examined,

'Family Paraonidae, Genus Aricidea: Three individuals of this genusi
were identified in the stomach contents of one wintér flounder faken at
bay Stafion T2..

Family Lumbrineridae, Genus Lumbrineris: Occurring in tautog and
winter flounder, this‘group was observed in bay and tidal creek collected
fiéh. _L.iteﬁuis (Verrill) was'identifiedvin winter flounder. A total
of seven individuals from this genus was répreéented in the sample.

Family Arabellidae, Arabella iricolor (Montagu): Three individuals

were encountered in the stomach contents of two winter flounder. One fish
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was collected at Bay Station T2 in March, the other at the mouth of

Mill Creek (T8) also during March.

FémilyASabellidae, Sabella microphthalma (Verrill): Identified in
three winter flounder. The fish were taken at tidal creek, bay and Mill

Creek stations.

Family Orbiniidae, Genus Scdloplos: This genus, as with a number of

the‘btﬁet_polychaete groups, was observed only in the stomachs of winter

flounder. ‘§, fragilis was identified as one component. 1In one case,
thiry-five individuals were encountered in the stomach contents of one
flounder. The fish was taken at bay station T2.

Family Ampharetidae, Hypaniola grayi: This was a major item in

the stomach contents of one of two puﬁpkinseed sunfish taken in upper
Mill Creek. The speéies was also identified'in the diet of spot, striped
killifiSh, white pefch, and winter flounder. The occurrence of H. EEEXE
was strongly associated with the Mill Creek specimens and to a lesser ex-
tent with l;goon stafions. A few H. grayi did occur in bay and tidal
creek station fish. Utilization was highest during the summer and spot
were calculated to be the major predatbr population.

While the utilizatioﬁ of poiychaetes,was expectedly associated with
bottom feeding.fishes, pelagic and even planktonic feeding species in-
cluding menhaden, anchovy and bluefish apparently took advantage of swarm-
ing and juvénile forms. The latter possibly suspended by current action.
Winter flounder consumed the largest variety of polychaetes; howe&er, a-
larger sample of other fish specieé might, to a degree, have reduced t?e :
observed differences in utilization. High use of errant forms, particu-
larly Nereis, suggests that special attention should be given tO'thié

group in evaluating the forage value of benthic populations. As a

-38-—

S
a

T TN T T T T T T e




group, polychaetes contfibufe at some level to all categories of fish

production in the Little Egg Harbor estuary.

Phylum Arthropoda

Class Merostomata: Three young horseshoe crabs (Limulus polyphemus)

were found in the stomach of a winter flounder collected at inlet station
Tl in August. A 3.1 mm (width) specimen also occurred in the stomach
contents of a winter flounder taken in Raritan Bay in September.

Class Arachnida: One water mite (Order Acari) was encountered in

- the stomach contents of a fourspine stickleback taken at»lagoon'station '
S15. Another occurred in a tidewater silverside collected in Upper Mill
Creek. Both were winter collections.

Class Insecta: Insects occurred with surprising'frequency_in the

fish stomachs>examined. As a group; fhey were found in fish collected
tﬁfoughout the study area and during all seasons. Representatives of
éix‘orders were identified in the diets of 18 fish species.

| Larvai forms, primariiy of the Dipteran Family Chironimidae, were
ingested by 15 fish species and comprised 6.1 and 4.2%‘respective1y of

the stomach contents of hogchoker and rainwater killifish. Mummichog

and tidewater silversides accounted for most of the predation on Chironi-

midae larvae. Utilization by fish in genefal was relatively higher during

-the winter and at the tidepool stétion. A plecopﬁeran larva was re-
covered from a white perch collected at lagoon station G17 dﬁ January
29, 1974. |

" Adult. insect forms compriéed an important diet consfituent 6f At~
lantic needlefish. In small needlefish (5-16 cm) this group made up
41.7% of the diet volume. | In larger specimens .(2'4-58cm) adult insect

forms represented 11.87% of the diet volume. Tidewater silversides,
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Atlantic silversides and sériped killifish also consumed adult insects
on a reguiar basis. The silversides were thé most importént predators
in the system. Midges and winged ants occurred.most.f?equently and it
is assﬁmed’thét these: were taken from the ﬁater's surface., Coleoptera,
Homoptera, and Hemiptera were also repreéenfed in the stomach contents.
Expectedly, utilization of'adﬁlt inéects_was highest during the summer
monfhs.

Class Crustacea, Subclass Branchiopoda, Order Cladocera: Occurring

" in seven fish species, cladocerans do not appear to be a major food re-

source for fish within the size ranges sampled in the Little Egg Harbor

.Systém. Although high numbers of cladocera were found in individual fish,

their contribution to thé overall diet in terms of sfomach content vqluﬁe
was generall& small. Greatest utilization was by bay.anchovy.  Relative
occurrgncevwas highest at lagoon and Mill Creek stations during the
summer .

Subclass Ostracoda: Afvleast ten fish species consumed ostracods.
The subclass, however, contributed little to the total diet volume of
these species. an anchovy represente& the major predator on ostracodsf
Relative utilization of ostracods was highest during the spring and dis-
tributed over bay,bMill Creek and tidal creek stations. A lower rate
of utilization was observed.in iagoon—céllected fish.

Subclass Copepoda: Copepods were found in the stomach\contents of
thirty-one of the fifty-five fish species examined. The occurrénce of
copepods was generally associéted with small fish and planktivores
(Figure 5). The subclass clearly répresents a major share of the fish

food resources in Little Egg Harbor and plays a significant part in the

~40-

=

S TR R T T T TR R




‘

estuaries' role as a fish n&fsery area. . Copepods were distinguishgd
tQ the order level,

Order Calanoida: Comprising the major food source of zooplankton
feeders, this order occurréd in a total of 24 fish species. It was
the dominant diet constituent of sgndlance, larger alewife, bay anchovy
and blueback herring. One blueback herring contained over 4,000 calénoids
in ifs stomach. A total of 17 fish contained over 1,000 individuals.

The bay anchovy population was calculated to have the greatest predation

~ impact on calanoids. Relative utilizatidn in the fish sample was highest
at lagoon stations followed by tidal creek, Mill Creek, tidepool, bay

and inlet station fish. Overall, calanoids occurred in 21.4% of the tofal
fish éample. Percent occurrence in the total sample was markedly higher -
during the winter and spring months.

Order Harpacticbida: Harpacticoid copepods were identified in the
stomach contents of twenty-two fish speéies.' In general‘they were of less
impdrtance volumetrically than the calanoid component. 'High'utilizatidn
by spot was obéerved, the order making up 13.77% ofvthe diet volume of 3—10
em fish and 10.3% in the 11-19 cm fish. As observed with the calanoids,
harpacticoid utilization in the total sample Qés relatively Eigher during
the winter and spring months. The distribution of harpacticoids iﬁ the
saﬁple indica;ed highe% relative utilization by tidépool and Mill
Creek fishes. |

.Order Cyclopoda: There was an unexpected paucity of this copepod”
component in the fish stomachs: A number of occurrences may have been
masked in the abundance of calanoids encountered. Small numbers of

cyclopods mixed with hundreds or thousands of calanoids in a given
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FIGURE 5.
'PERCENT OCCURRENCE OF FIVE MAJOR FORAGE - CATAGORIES
BY FISH LENGTH.
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stomach quite probably were.overlooked.

The éontribution of'cyqlopods tovthe fish diets examined was, at
any account, minimal in terms of other copepdd components. Cyclopods
were only recognized in the stomach contenté of two béy anchovies and
one spot. All were collected from Mill Creek, Zooplankton studies
presently underway in the estuary should provide informationvon‘Fhe
relative amBient concentrations of the three copepod orders.

Subcléss Cirripedia: Barnacle remains were found in the stomach
'contents of four fish species, being of most importance volumetrically
to tautog (0.6%). Barnacle larvae occurred in four species with highest
occurrence in the menhaden and anchovy diets. Fish containing larvae |
were collected from May.2£st through July 9th.. Approximately half of
these were taken on June 17th and 18th.

Subélass Malacostraca, Order Cumacea: Cumaceans occurred in the
stomach contents of five fish species. They represented 3.1% of the diet
volume of banded killifish, 2;9% of the 3-10 cm spot diet and 2.17% of the
diet of yoﬁng—of—the—yéar winter flounder. Occurrences exceeded 30% in
killifish and young-of-the-year flounder. With one (March 25) exception?
occurrence was limited to the summer months. Cumaceans were not recovéréd
from the stomachs of fish taken at inlet; lagoon, or tidepool stations.
Utilization appeared to be uniform throughout the bay, Mill Creek and _
tidal creek stations. ‘

Orders Tanaidécea and Isopoda: This group of crustéceans contributed
‘ ovér 10% of the stomach cohﬁenL volume of banded killifish (10.5),

Cunner . (12.6) Grey Snapper (19.0), N. puffer.(lé.4), 4-13 cm oyster toad-

fish (19.9), striped killifish (16.8), and 6 to 16 cm tautog (63.3).
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Overall they occured in 24 fish species. Eight taxa were identified.

The tanaids Tanais cavolini and Leptochelia savingnyi were of minor
importance in the diets of the fish examined. A total of 75 T. cavolini
were collected from spot, striped killifish,.white perch and winter
flounder. Seventy-two of theee Were from four spot taken in MillACreek,
(T16) on August 28, 1973. A single L. savignyi was recovered from
an anchovy taken in Mill Creek during May. o

The isopod component was made up primarily of Cyathura polita,

Idotea spp., Edotea triloba and Erichsonella spp._g. polita occurred

in eight of the tish epecies studied. and was of greatest importaﬁce

in the diet of banded killifish (10.5% volume). This species was
utilized by the total fist population to a greater extent in the Mill
Creek and bay habitats. It did not occur in inlet or tidepool’
samples. Utilization was highest duriﬁg‘the fall and not observed dur-
ing the winter months.

~ Idotea balthica and Idotea phosphorea were identified in the fish

stomach analyses with I. baltﬁica dominating. = As a group the genus oc-
cerred in thirteen species of fish. It comprised 19% of the stomaeh
content volume collected from two grey sneppet, 13.8% of the 4-13 cm
oyster toadfish diet and 14.6% of the striped killifish diet. It was>
of most importance in the diet of 6-~16 cm tautog contributing 47.2%

of the.total volume sampled. Larger oyster téadfish contained 1.93
individuals. on the average and tepresented the majer predator group

on the genus. Utilization of I. balthica was highest in inlet-collected

fish, while I. phosphorea was identified only in bay'and tidal creek fish.
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Edotea triloba comprised 12.6% of the stomach content volume of

four yoﬁng—of—the—year cunner. It contributed minimally to the diets

of eight other species. As a population, Atlantic silversides were the

major predators on E. triloba. Utilization occurred in all but the : ) é;;
tidepool habitats with slightly higher use observed in inlet-collected

fish. No use was recorded during the winter months.

(
T IR

The genus Erichsonella wasvfouﬁd in the stomachs of seven fish

species. In the sample of three northern puffer (3-11 cm) the genus
" constituted 18.4% of the stomach contents. It was of considerable im-

portance to small (6-16 cm) tautog, comprising 15.7% of their diet volume.

Two species, E. attenuata and E. filiformis were identified. The oc-
currence of E. attenuata &as limited to the summer months; E. filiformis
was identified in fish collected from spring through fall. Neither species
occurred in fish collected from inlet, lagoon or the tidepool station.

The remains of one Cirolana sp. were tentatively identified in the
stomach contents of a brown bﬁllhead captured in upper Mill Creek (T15).

This genus is a common parasite on the gills of fiéh, particularly blue-

fish, in the sﬁudy area. A terrestrial "pill bug'" (Fam. Oniscidae)
'Was also found in the stomach of a bullhead taken at this Mill Creek
station.

Order Amphipoda: The'suborders Gammaridea and Caprellidea were
represented_in'the stomach.coﬁtents examined. Bousfield (1973) was
the major text used in identification of the gammarids collected; Ex~ -
cept where otherwise npted, hié work is also the reference for comments
on species habits, distributions énd biology. Caprellids were not iden-

tified beyond the suborder.
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Suborder Gammaridea: VTwentY—six species of gammarid amphipods
were identified in the sample. Aﬁ least three additional species oc-
curred but could only be identified to genus of fémily level. .in
all, thirteen families were represente& in-the‘diets'of 38 finfish
species in the study area. As a gréup, Gammarids comprised.over 10%
of the diet volume of Atlantic silversides (14.4%), banded killifish
(41.3%), blueback herringv(l9.7Z), cunner (70;5%), fourspine sfickle—

back (34.2%), lined seahorse (71.2%), mummichog (13.9%), naked goby

" (40.0%), Northern pipefish (35.0%), planehead filefish (20.5%), pump-

kinseed (15.9%), rainwater killifish (61.8%), spot (22.3%), striped
killifish (11.8%), stripednsearobin (11.7%), threespine stickleback
(25.1%), tidewater silve%sides (11.2%), white pefch (10.4%), and
youngFof—thé;year winter flounder (19.02). | o

Gaﬁmarids occurred in fish stomachs collected from all six habi-

tat types and during all periods of the year. Generally, they oc-

curred more frequently in bay fish and during the summer; however, they

do provide an important fish food resource in all habitats throughodt
the year. Utilization of the various families encountered is dis-
cussed in the following section.

Family Ampeliscidae: Ampelisca was the only genus identified in

the stomach contents examined. Three species, Amplisca abita (Mills),

A. vadorum (Mills), and A. verrilli (Mills) were represented.,

A. abdita is a dominant benthic organism in the study area (Haskin

and Ward). Durand and Nadeau (1972) encountered densities in excess

of 5,000 individuéls/m2 in the neighboring Great Bay estuary. The

species ranges from Maine to Florida and is found in marine to brackish
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water salinities (10 o/oo Bousfield). A. abdita occurred in the sto-
ﬁach contents of sixteen fiéh species. It was of particular importance
in the diet of»young'winter flounder comprising'l4.4% of the étoﬁach
volume, and occurring in 59% of the specimens examined. These 3 to 11
cm flounder confained an average of 8.3 A. abdita per fish. This
amphipod represented ten percént or more of the stomach content vol-
ume cdllectedAfrom.Atlantic silvefsides, cunner, lined seahorse, and
naked goby. 1t was aafrequent food item iﬁ 5 fo 10 cm wéakfiéh}

Based on calculated predation indiceé for the study pgriod, Atlantic
.silversides had the largest impact on the A, abdita population fol-
lowed by spot, winter flounder and weakfish (Figure 7). Utilization
of the species by fish was evenly spread over the spring, summer and
fall months. -It occurred in all habitats except the tidal pool.
Heaviest utilization occurred in the tidal creek habitat with lowest
"occurrence: in the lagoon%areas.

Ampelisca vadorum rénges from the Gulf of St. Lawrence to Georgia,

is larger than A. abdita ana is generally found in coarser sediments.

It is associated with somewhat higher salinities. A, vadorﬁm occurred
in the stomach contents of eigﬁt fish species. It Waé of ﬁosf im-
portance in the diet of large (22-33 cm) winter flounder which congained
an average of 3.4 individuals per fish. Fourspine stickleback had the
greatest impact on the population. The organism was not encountered

in fish stomachs collected from inlet, lagoon or tidepool habitats.
_Highest relative utilizatiqn occurred in the bay during the spring
months. Occurrence was most frequent in fish taken from stations T12
and T2,

Three Ampelisca verrilli were identified in the stomach contents
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qf'two winter flounder. Both fish were coliected in the bay.
Ampeliscids comprise an impoftant fish food source in the Little
Egg Harbor estuary. They are consumed directly by the young of ét
least seven recreationally or commercially valuable fish species and
éontribute to the dieﬁ of forage species utilized by other desirable
fishes. Baird (1873) documented their presence in the diets of scup
taken from Great Egg Harbor, New Jersey and summer floundér collected
at Woods Hole, Mass. As postulated by Durand and Nadeau, the tube
building activityvof Ampeliscids may also act to_stabilize bottom
sedimeﬁts énd contribﬁte to the productiqﬁ of other benthic fdrmé;

Family Ampithoidae: Two species, Cymadusa compta (Smith) and

Ampithoe longimana (Smith) were identified from the fish sample.

C. compta dominated, occurring in the diet of seventeen fish species.

Tt was a major item in the stomach contents of the lined seahorse

and the Northerﬁ pipefish. The three.species appear to be associated
with eelgraés (Zostera) beds. C. compté frequents salinities as low
as 5 0/00 (Bousfield). The stomachs of three seahorsé specimens con-
taiﬁed a total of 39 C. compta. Striped killifish, fourspine stickle-
Back and Northern pipefish Wére the fhree major predators on this
species in the.study area. Odum and Heald (1972) identified C. compta
as a food of juvenilé fishes in Whitewaﬁer Bay, Florida. 1In Little
Egg Harbor, relative utilization of this species was highest during the
winter and at iniet and_bay stations. Only one specimen was recovered
froﬁ fish éamples collected in lagoon areas. None occurred in tide-

pool fish.
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 FIGURE 7.~ ,.
 FATE OF AMPELISCA ABDITA IN THE LITTLE
EGG HARBOR ESTUARY. '

[

Exported to Ocean

A

" Natural" Mortality —<———{———>—Consumed By Non-fish Predators . . =

_ {Consumed By Fish

Atlantic Silversides 58 %

Other (12 species )
Weakfish 1%

Winfer _Flounder 3%

Spot 36%

Assumptions |
. The average number of A. abdita observed in the stomach contents

of each species, represents an equal proportion of each species ' }
dqily A. abdita intake. =

2. The proportion of each fish species in McClain's (1977) fish survey
'is equal to the mean proportion of that species in the total fish
population. - K o T T

=50~




Ampithoe longimana occurred in the stomach contents of one silver

perch and one winter flounder. Both fish were collected at bay sta-
tions., Bousfield notes this to be a épecies favoriﬁg higher salini-
f:? . ties (to 22 °/00) which feeds on diatoms.

Family Aoridae: Some confusion exists over the genera included

in this family. Bousfield includes Unciola and Leptocheirus while

Gosner (1971) lists these with Families Corophiidae and Photidae,
respectively. Data analyses for this paper, for consistency, fol-
lowed Gosner's text which covers the whole gamut of estuarine in-

vertebrates. The reader should consider the different groupings,

however, when reviewing the Appendices.

Microdeutopus gryllotalpa (Costa) occurred in the diet of ten fish.

It was of most importance, volumetrically, in the stomach contents of
fourspine stickleback (3.2%) and striped killifish (4.3%). The

stickleback had the greatest predation impact on the species followed

T

by mummichog; spot, and striped killifish. Outside the study area,

M. gryllotalpa was tentatively identified as a diet item for young-

-

of-the-year striped bass in upper New York Bay (Festa, 1975). Bousfield

lists its western Atlantic range as Cape Cod to Chesapeake Bay, It
is associated with vegetation stands and under—wafer structures. The
species occurred in fish coliected throughout the study area with the
exception of tidepool specimens. It had a markedly higher per-
Vcentage of oécurrence at inlet stationskbut was also recovered from
a brown bullhead collected.in a low salinity area of Mill Creek. Ob-

served utilization was confined to the summer and fall months.
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The minute Rudilemboides nageli (Bousfield) was identified in

‘the stomach contents of four winter flounder. This species, ranging

from Cape Cod to Georgia is associated with eelgrass beds (Bousfield).

It occurred only af station 810 (Figure 2) from an August cdllectionf

At least one species of the genus Lembos (Bate) was collected
from fish within the study area. Occurrence was observed in étripéd
éearobins, fautog and winter flounder. It was found during the
~summer months in all habitat adreas except the tidepool..

Family Bateidae: Batea catharinesis (Muller) occurred in two

winter flounder. The fish were collected from two bay stations, once
in July and once in October. This species is génerally éssociated
with gravel bottoms.

Family Corophiidae: Sixteen fish species contained amphipods
of this family. Including the Genus Unciola, at least four species
were represented in the fish stomach examined. (As previously notéd,
Bousfield includes Unciola wifhin Aoridae). Small white perch (7-12
cm) utilized this group most extensively. Corophiids comprised 20.2%
of the stomach coptent‘volume of two planehead filefish.

Members of the Genus Corophium were the most frequently encoun-

tered component of the family. They occurred in bay anchovy, mummichog,

Northern pipefish, planehead filefish, silver perch, spot, tautog,

white perch, weakfish and winter flounder. These amphipods were not

routinely identified to species level in the stomach analysis, however,

more than one species occurred including C. tuberculatum.

Erichthonius rubricornis (Smith) and Erichthonius brasiliensis

(Dana) were both identified in the fish diets. E,lrubricornis was
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recovered from fourspiné stickleback,_g. brasiliensis from fourspine
stickleback and striped killifish. Unspeci@ted_members of this genus
also weré identified in silver perch, planehead filefiéh,'tautog and
winter flounder. The genus occurred in sumﬁer and fall ééllections
witﬁ highest occurrence in fish taken at inlet stations;

Unciola serrata (Shoemaker) was the only species identified in

the genus Unciola although others probably occurred in the‘”unclassi—
fied" category. U. serrata was found in the sfomach contents of a
winter floundér collected from Mill Creek. Unspeciated members of
the genus occurred in pinfish and tautog. Observed utilization was

limited to Mill Creek and bay habitats.

Cerapus tubularis (éay) was encountered in the stomachs of
fourspine stickleback,»lined seahorse, Northern pipefish, Northern
puffer, spot, summer flounder and winter flounder. It was not found
in fish collected from tidepool, lagoon or inlet stations. Utiliza-
tion Wasbdocumented only for the summer months.

vFamily Gammaridae: Members of the family Gammaridae comprised
the most widely utilized groups of amphipods in the studyvarea. They
were found in the stomach coﬁtents of twenty-four fish species, form-
ing a substantial peréent of the diét volume in cunner (34%), naked
goby (24.9%), rainwater killifish (61.8%) and threespine stickleback

(21.1%). The genera Gammarﬁs, Elaémopus, Casco, Melita and Maera were

included within this family following Gosner. Bousfield, however,
places the latter four in-a new family Melitidae.
Genus Gammarus: A number of species exist within the study area;

however, with the exception of G. mucronatus (Say) these in general
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could not be readily distinguished from the remains collected from the
fish stomachs. -G. mucronatus was the major diet item observed in the
sample of nine rainwater killifish; it alsovcoﬁptised 6.9% of the diet
volume of mummichog. In total, tnis species was identified in the
stomach contents of nine fiéh species. Mummichog had the greatést
predation impact. G. mucronatus appeared to be utilized heavily dur-
ing the winter months. It was a major fish food item in the tidépool,
habitat and in fish collected from lngoon stations. It was not re-
covered from inlet areas. Bousfield described G. mucronatus as a
dominant tidepool species found in salinities down to 4 ©/oo. Given
the extreme conditions of salinity and temperature often occurring-

in these pools, the species must be tolerant of a wide range of en-
vironmental conditions.

Other species of Gammarus occurred in twelve fish species. They
répresented 21% of the diet of banded killifish, and were observed.
most frequently in fish collected from Mill Creek and lagoon stations.

Anphipods of the genus Gammarus have been documented in the diet

of ‘estuarine and marine fish at a number of sites outside this study

area; Among many: Baird in tomcod, Microgadus tomcdd, from New Haven
‘Harbor, and in seaiherring from Vineyard Sound; by Dexter (1947) in
killifish and cunner at Cape Ann, Massachusetts and by the authdr Festa
(1975) in striped bass, mummichog and Atlantic siiversides from Upper
New York Bay.

Elasmopus laevis (Smith): Bousfield notes that this species is

often found intertidally under algae and stones and subtidally among

eelgrass clumps. 1In the Little Egg Harbor study area, E. laevis was
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observed in the stomach co;tents of eleven fish species; The data in-
dicate thaf it was of high importance in the d;ets of naked goby and
young cunner. Spot had the greatest iméact on the E. laevis popula-
tion folloﬁed by fourspine stickleback. Highest percent Qécurrence
was in fish collected during the summer from bay and inlet stations.

Casco bigelowi (Blake): was identified in the stomach of a sin-

gle winter flounder collected in the bay during September.. An un-

speciated individual of the genus Melita was also recovered from a

~winter flounder collected in the bay. Melita nitida (Smith) occurred

in the stomachs of two winter flounder collected from Raritan'Bay,
New Jefsey (Festa 1975). Odum énd Heald, in a study of Flofida man-—
grove communities, found'tﬁis species to be tﬁe most common in their
benthic samples, but the least common of the major amphipod components
found in fish étomachs. Mggzg_ggggg.(sfimpson) occurred in the stom-
achs of pinfish, tautog and winter flounder collected at two bay sta-
tions and one inlet station. |

Families Lysianassidae, Hyalidae and Oedicerotidae: Two unclassi-
fied individuals belonging to the famiiy Lysianassidae occurred in
the stomachs of twé black seabass collected from Mill Creek in Juﬁe.
A single unspeciated member of the family Hyalidae was recovered from
a sbotted hake stomach; The fish was taken in the bay.during June.

Monoculodes edwardsi (Holmes), a member of the family Oediéérotidae,

was identified in the stomach contents of northern searobin and white
perch. It occurred in bay, Mill Creek and lagoon collections, twice
in May and once in January.

Family Photidae: Leptocheirus plumulosus (Shoemaker),. which
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ﬁousfield includes in the fnmily Aoridae,,wés the major species en-

countered. Microprotopus raneyi (Wigley) was the other species identi-

fied. L. plumuiosus'was a dominant food item in the diet of 7 to 12
cm white pefch. It also formed a significént portion of-the.stomach
content volume in banded killifish and blueback herring. These three

fish were the major predators on the species. Bousfield described the

species: as a brackish water,ltube—dwelling amphipod. Its utilization
by thegwhige perch population apparently decreases as fish size in-
creases. Seven to twelve centimeter fish contained an average of 15.7

L. plumulosus in their stomachs; the 14 to 26 cm sample had 5.3. The

amphipod did nof occur in the seven 29 to 37 cm fish examined. Its oc-
currence was markedly aséoniated with fish collected in the lower sali-
nity areas of Mill Creek. It was found throughout the year. In total,
L. pinmulosus was identified in the stomach contents of thirteen fish
species.

Micropterus raneyi (Wigley 1966) was found in the stomach contents

of nine winter flounder, seven of which were collected at bay stations.
'This-species was utilized primarily during the summer months by young-

of-the-year flounder.

Family Phoxocephalidae: Paraphoxus spinosus (Holmes 1905) was the

only family member»identified. One individual was collected from a Qinf
ter flounder stomach.

anily Talitridae: Six individuals, identified.as Orchestia.
platensis (Kroyer), were collected from the‘stomachs of one Atlantic
silverside and one white perch. Both fish were collected in lagoons

: connecting to Mill Creek (Sl8;-Tl7){ Dexter identified this species
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as a food source of cunner and killifish at Cape Ann, Massachusetts.

Family Stenothoidae: Two species, Stenothoe minuta (Holmes) and-

Parametopella‘cypris (Holmes) were identified in the fish stomachs
examined. S. minuta occurred in‘Nofthern pipefish, silver perch and
winter flounder. P. cypris was collected from Northern pﬁffer, striped
searobin and a-six éentimeter weakfish. Bousfield notes that both of
thesé>s§écies are associated with hydroid and ectoproct colonies.
Thesé’éféfgﬁall forms; both reacﬁ approximately 2 mm in length,

Summary: The suborder Gammaridae clearly represents a major food
resource for finfish utilizing the Little Egg Harbor area. Sufficient
documentation exists to conclpde that thé suborder provides aﬁ important
estuarine food source for fish along most of the Western Atlantic
coast. ThéydiVersity of the component families and genera is such that
all of the various benthic niches encountered in the study area ap-
pear to contain a representative member.

A number of speéific gammarid—fish food éoactions were apparent.

Ampelisca abdita was heavili utilized by winter flounder. Gammarus

mucronatus was associated with tidepool fishes, particularly rainwater

killifish and mummichog. Cymadusa compta was a major food of northern

pipefish and seahorses, both known to frequent eelgrass beds.

Leptocheirus plumulosus was strongly associated with the low salinity

areas of Mill Creek and was a staple for ybuﬁg white perch. The
gammarids as a whole were more heavily utilized by resident fishes
than by migratory species. With the exception of winter flounder,
their role in the fish nursery functions of the estuary appearsbto be

largely associated with the production of forage fishes. Competition
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(among. the fishes) for the gammarid food resource is no doubt reduced
by thé various species-specific relationships observed.

Order Mysidacea: In the transfer of energy from phototroph to
fish, the mysid_population of Little Egg Harbor can be thought of as
a master gear. Occurring in the diet of twenty-four fish specieé,
ﬁysids accounted for more than 20% of the stomaph content voiume in
alewifeé“bay anchovy, crevalle jack, both sticklebacks, pipefiéh,
silvérmﬁégéh, 4-7 cm striped searobin, 14-37 cm white perch, and 5-17
cm weakfish. In an additional seven species, mysids contributed over
10% of the diét volume, Relétive to the eétuary's nursery function,
mysidé can be considered as. a major "starter food" for summer flounder,
alewife, weakfish and winter flounder. The thte perch population,
which represénts the most important resident finfish épecies in terms
of anglervuse, is dependent upon a mysid food source. Mysids also con-
tribute significantly to the diet of forage specieé utilized by the
piscivorous'components of the food web.

Outside the‘study area there are numerous references on the impor-
tance of mysid shrimp in estuarine trophic structures. Odum an& Heald
observéd that they are an important source of food'for many fishes in
the North River, Florida estuary. Van Engel and Joseph (1968) char-

.acterized Neomysis americana as one of the two most important fish

food sources in the Upper York River. 1In his 1873 report, Baird notes
the occurrence of mysids in the stomach content of summer flounder
taken at Great Egg Harbor, New Jersey.

Two species were identified in the present study: Neomysis ameri-

cana and Mysidopsis bigelowi. Neomysis was clearly the dominant form,
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FIGURE 8.

FATE OF NEOMYSIS AMERICANA IN THE LITTLE -

| EGG HARBOR ESTUARY . .

‘Expoffed To Ocean -

\ "Natural"MOrialify«ﬂ ' »— Consumed By Non-Fish Predators |

_[Consumed by Fish

Adlantic " Silversides
3% ,

Bay Anchovy -
19%

Other Species (10)

| Winter Flounder 1%
/Windowpane . 1 %

/ Northern Plpeﬁsh 1%
Summer Flounder 1.5 %

/ Bluefish 1.5%

White Perch
16%

‘Silver
Perch

'Weakfish 5%
10%. 8 8 /@

Erevalle jack 3%

~Spot
°/o

o ASSUMPTIONS

The average number of Neomysis americana inthe stomach contents of each
species, represents an equal proportion of each species daily .N. americana intake.

The proportion of each fish species in McClain's (1977) fish survey is equal
“to the meon proportion of that species in the total fish populcilon
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" being identified in twenty-three specieé. This was thé major diet
éonstituent of 6—13(cm alewife (99.5% voiume); northern pipefiéh
(58.6%), threespipe stickleback'(56.52), and S;lO,cm weakfish (41.4%
volume). Atlantic éilversidés and bay anchovy were the major pred-

 ators on N. americana (Figure 8). Mysidopsis bigelowi was identified

in the stomachs of nine fish species. With the exception of the three

striped searobins examined, it contributed only a minor fraction of

the mysid-.component.

Neomiéis occurred in 18.47 of the total fish sample, Mysidopsis
iﬁ 1;5%. The two species were found together in a number of stomachs.
Utilization of N. americana was relatively higher in fish coilecfed
f;om tidal éréek stations, followed by lagoon, bay and Mill Creek col-
lected fish. The sequence for Mysidopsis was bay, lagoon, tidal creek
and Mill Creek. This species did-not occur in fish takén from inlet sta-
-tiomns. Neithef species occurred in the tidepool fishes; The teméoral
distributiép of occurrences indicated somewhat higher utilization of
Neomysis during winter and spring months. The occurrenceiof Mysidqpsis
-was markedly higher during the fall. Hopkins (1958) observed that
Mysidopsis populations in Indian River Inlet appear to peak in late
fall and winter. |

Neomysis americana also ocCurred_in the stomachs of young striped

bass and Northern pipefishbcoilected at Caven Point, Upper NeW‘York
Bay, and in winter flounder, bay anchovy,vcrevalle jack and spot taken
at Conaskonk Point, Raritan Béy.

Order Decapoda: Decapods represented a major food source for
the medium and larger sized fish in the estuary. Four infraorders

are involved: Penaeidae, Caridea, Anomura and Brachyura.
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Infraorder Penaeidae: One large shrimp of the Genus Pendeus

m

occurred in the stomach of a summer flounder taken at bay station S2
in August. This genus was rarely encountered in. the trawl collections

of McClain and appeared to be of little imﬁortance as a fish food-

in the estuary.

Infraorder Caridea: Larval forms of caridean shrimp comprised

l7.5%'2§;the diet volume of 7-15 cm blueback herring and 3.6% of
Athe,yoléméécollecfed from 6~10 cm bluefish. They were of nominal
importaﬁce in anqther eight fish species., Occurrence in the fish stom-
achs was obsérved from Apfil 22 through‘August 18th. A blueback

herring collected at lagoon station G20 contained as estimated 500 lar-

vae. The relative occurrence of caridean larvae in the fish stomachs
was highest during spring and in lagoon and bay station samples. Lar-

vae were not recovered from tidepool fish.

Grass shrimp of the genus Palaemonetes occurred in the diets of
sixteen fishes. This group comprised a dominant food item in 6-10 cm

bluefish and 22-33 cm winter flounder. It made up 60.57 of the sto-

mach contents_of the three pinfish examined, 16.2% of the black sea-
bass dief, 16.87% of the silver perch diet, 33.8% iﬁ spotted hake, and
16.5% in 6-24 cm summer flounder. Thevgenus occurred din fifteen fish
speCieé altogether. .Two speciés represented were P. vulgaris and P.

pugio. A third, P. intermedius, was tentatively identified.

Palaemonetes vulgaris occurred in 2.8% of the total fish sample.

Found in the stomach contents of thirteen species, this was the dominant

component of the genus. Utilization of both species was relatively

higher during the winter and fall months. Occurrences of P. vulgaris
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‘Were most frequent in bay-éolleéted fish. P. pugio was more common
in inlet-collected specimens.l Neither wére taken from tidepool
fish. The species were found concurrently in the stomachs of some
fish. 'E; ngig.occurred in a total of nine species representing 15%
of the diet volume in spotted Hake. The species dominates in many
of the estuaries of northern New Jersey and was identified in the
stomgchfgof striped bass, mummichog and spot cbllected in a tributary
of thewﬁaggensack River.

A single shrimp of the genus Hippolyte was identified from the
stomach contents‘of a weakfish taken at bay station T2 in August.

As a spécies Crangon septemspinosa is the most widely utilized

fish food organism in theé estuary. Occurring in 26 of the fish species

studied, C. septemépinosa represented 6.5% of the total volume of ma-

terial recovered from the fish sample. This shriﬁp was the dominant
food item in the samples of Northern searobin, Northerﬁ_kingfish,
silver perch, spotted hake, 6-24 cm summér flounder, large white
perch, and windowpaﬁe flounder. It contributed significantly to the
diets of Atlantic silversides, seabass, creyalle jack,'seahorse,
mummichog, re& hake and weakfish. The top three predatofs-on.the
Crangon population Wefe silver_perch, Atlantic silversides and white
perch. (Figure 9) Percent occurrence of this species was greatest
in inlet-collected fish but utilization was high throughout the
estuary, with the éxéeption of the tidepool station. .It occurred in
.a somewhat larger proportion of fish taken during thé fall and summer
months. Again, using Baird as a historical reference, Crangon was

documented as a food source for striped bass, whiteAperch, kingfish,
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weakfish, toadfish, summerﬁflounder and hickory shad at Great Egg
{L%%% Harbor in 1872. In other cursory analyses conducted .during the study,
Crangon was found in the stomachs of striped bass, Atlantic tomcod,

and mummichog in Upper New York Béy, in crevalle jack and mummichog

from Raritan Bay and in white perch and striped bass from Oyster

Creek, a tributary of neighboring Barnegat Bay. 1In the York River

(Va.),- Van Engel and Joseph found that C. septemspinosa comprised

25.2% of:the diet volume of white perch, 12.2% of juvenile weakfish,
7.3% of the black drum diet and 44.0% of the southern kingfish con-

tents. Crangon septemspinosa was also identified in the diet of winter.

flounder utilizing Long Island bays (Kurtz 1975).

C T T

The species clearly-represents a major forage item throughout
most of New‘Jersey's estuaries and deserves closer attention froﬁ‘ecol~
ogists in defining its environmental requirements and its tolerances
to-various forms of pollution.

Infraorder Anomura: Hermit crabs of the genus Pagurus occurred in
the stomach contents of black seabass, striped burrfish and summer
flounder. Burrfish were calculated to be the major predators on this

genus. P. longicargus‘was the only species identified.

Infraorder Brachyura: Larval forms of Brachyura occurred in the
stomach contents of twelve fish species. They were of most importance,
~on a percent volume basie; to Atlantic silversides and 3-16 cm Atlantic
neediefish, representing 3;1% and 4.9% of their respective,diets. Lar-
vae were found in the fish stomachs fromrJune 10th through September 30th."
%: High numbers were encountered on June 26th, July 9th antl July 19th.

The percentage of occurrence was highest in fish collected from inlet and
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- FIGURE 9. .
FATE OF CRANGON SEPTEMSPINOSA IN THE LITTLE

EGG HARBOR ESTUARY.

Exported ATo Ocean

"Natural” Mortality — _ »—Conéumed‘By Non-fish Predators

[Consumed By Fish

Siiver Perch 32%

Atlantic Silversides

-
~ -
-
~

Assumptions
I. The average number of Cragon septemspinosa observed in the stomach contents
- of each species, represents an equal proportion of each species daily C. septemspinosa intake.

2. The proportion of each fish species in McClain's (1977) fish survey is equal fo the mean %
proportion of that species in the total fish population.
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bay stations. . Larvae were not recovered from fish taken at the tide-
pool station.

Adult crabs were of particulér importaﬁce to the larger bottom-—
feeding fishes in the estuary. .Occurring in eighteen species,
brachyuran crabs accounted fof,over 20% of the diet volume in American

eel, black seabass, oyster toadfish, smooth dogfish, striped burrfish

and tautog. They‘aléo contributed significantly to the diets of blue-
fish, bullhead and. summer flounder.

The lady or calico crab, Ovalipes ocellatus, was identified in

the stomach contents of seabass and tautog, comprising 15.7% and 12.6%

of their respective diet volumes. Five individuals were recovered,

all from fish taken at bay'étations during September.

Blue crabs, Callinectes sépidus, represented over 907 of the stom-
ach conteﬂt volumes of American eel énd smbéth dogfish, and 83.2% of
the contents of the two striped burrfish examined. This species accounted
for over ten percent of the diet volume in 21-36 cm bluefish, brown bull-
head, 18-28 ém toadfish? and 26-65 cm summer flounder. Remains of Both
soft and hardshell stages were éncountered with smaller instars représenti

ing most of the hardshell,dccurrences. One_g. sépidus was found in the

stomach of a winter'flounder collected on February 27th. Other occurrences
ﬁere limited‘to the period June lOthvthrough November 8th. Relative
utilization was highest in fish collectedffrom_tidal creekAand Mill Creek
stations.

Of the twelve fish species whicﬁ consumed blue crabs, American
‘eels and dogfish appear to have had the gréatest predation impact on
the crab population during the study period. A total of'fifty—one

blue crabs were identified in the fish stomachs examined. Smooth
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dogfish contained an average of 1.33 crabs/fish. If this were con-

vl b 1 bk ) bR M b Dk ikl e

sidered to be a minimum daily ration from June through September, 160 %%%
crabs would be consumed by each dogfish., | |

Mud crabs of the family Xanthideayéccurred in fifteen fish species,
being of spécial.importance to the smaller oyster toadfish ana 20-32 cm

tautog. They comprised 26% of the stomach contents of black seabass

.and 217% of the smaller tautog contents. Three species of xanthid crabs

were identified. Neopanope texanna appeared in the widest variety of

fish species (11) followed by Rhithropanopeus harrisii (8) and Eury-

panopeus depressus (3).

Neopanope was the major xanthid component in the tautog diet,

Rhithropanopeus in the‘toadfish{ A lérge portion of the xanthid remains
found in the fish-stomachs.could not be identified go the species level.
With one ;xception, mud crab occurrence in the fish diets was confined to
the March 21st through November 14th period. The remains of one un-.
identified specimen were recovered from the stomach of a stickleback éolé'
lected on January 16th. Xanthids occurred in fish collected from all

habitats except the tidepool.

Phylum Chordata

Class Ascidiacea: Two tunicates of the family Molgulidae were re-
covered from the stomach contents of two winter flounder. Both fish were
collected in March, one each from bay station T2 and T12.

Class Osteichthyes: Fish eggs appeared in the diet of eleven fish

species. On a seasonal basis, they comprised a significant portion of the
food intake of Atlantic silversides, striped-killifish, and 7-12 cm white

'Vperch. The white perch fed heavily on fish eggs in Upper Mill Creek during
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April and May. It is assuméd that these wére clupeid eggé. The oc-
éﬁrrenceé.in Atlantic silversides and striped killifish were associated
with July collections .at inlet stations. - Overall, fish eggs were ob~-
served in fish stomachs from‘March 11th through July 19th. In the-
plankton-feeding anchoviés the occurrence of fish eggs was confined te
the May 21st through June 26tﬁ period.

-Fish larvae occurred in a number of fish stomachs but at a much
ldwer frequgney than expected. Eight Fundulué larvae were recovered
from the stomach éf one tidewater silversides; Menidia larvae occurred‘
in the_Atlantic needlefish sample; other larval remains were not identi-
fiablé. Because of ﬁheir rglatively low occurrence and the problem of
categorizing fish remainé as‘larvae, young, etc., the larval forms Qere
lumped with ﬁhe "Class Osteichthyes, except eggs" category for data
analysis purposes. |

As with the polychaete component, a large portion of the fish re-
mains recovered from the sampled stomachs could not be speciated. A
portion of these remaiﬁs consisted solely of backbones and in some cases
only a fewbvertebrae. Even so, fifteen taxa were identified in the
stomach éonténts, ten to the species level.. Fish contributed to the
diet of twenty-five fish species. On thg_basis of diet volume and per—
cent occurrence, the following_fishes and size groups were considered to
be piscivorous within the Little.Eggiestuary: 24-58 cm Atléntic needlefish;
11-36 cm bluefish, inshore liéardfish, northérn sennet, redfin pickerel,
“striped bass, 26~65 cm éummerlflounder, and 32-62 cm weakfish. In addition,
fishes comprised over SCZ of the diet‘volume'of brown bullhead,_crevélle
jack, 18-28 cm oyster toadfish, red hake, and 11-17 cm weakfish.

Cannibalism was confirmed only in Atlantic needlefish and mummichog.
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The second iargest munmichog in fhe sample contained énother_surprising—
ly large mummichog in its stémaéh. This was the only occﬁrrence of
fish in the stomach contents of the 34 mummichégs examined. This oc-
currence, however, accounted for fifty percent of the total stomach
content volume fecovered from the species.. Thié casebexemplifies,the

: neea for considering both'pefcent volume and percent occurrence data.

A total of 335 fish were recovered from the 1,340 fish stomachs_
examined. Of these 185 (55%) could be identified beyond the class level.
The following list gives proportions of the various taxonomic groups
in the fish stomachs and in the fish survey condpcted by McClain. It
assﬁmed that the identified components of the recovered fish remains are

representative of the uneclassified component.

Proportion of fish Proportion of fish
Taxon ' in stomachs in survey sample
Silversides (2 species) 17 ' .32
‘Anchovies ' .23 .27
Fourspine stickleback L1 .15
Atlantic menhaden .03 - .02
Bothidae (Lefthanded flatfish) .01 ' LT .0l
Silver perch .02 _ - .01
Weakfish .02 LT .01
Spot ) . 04 05
Killifish (Fundulus spp.) .15 ’ .10
Naked goby o : .06 . .01 -
Searobin (Prionotus spp.) .01 LT .01
Winter flounder .01 ' .01
Atlantic needlefish .01 .01
Northern pipefish .01 ' o ~ .01
ce = .915

There is a good degree of corrélation in the two sets of proportions.
As noted earlier, most of the striped bass analysed were taken by hook

and line. All but one of the American sandlance recovered from the fish
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stomachs occurred in theseabass 1e) a'compafison_of proportions for this
% species is not appropriate. |
Theré>did seem to be a disproportionately high ufilization of
é%% naked goby, primarily by winter flounder aﬁd‘black seabass., Ivlev's
(1961) electivity in&ex could be applied to these data, however, with

the number of variables invol&ed.(species,.habitat, gear type, etc.)

any interpretation beyond the general relationship suggested in Table
1 would be rather meaningless.
Silversides (Family Antherinidae) were identified in the stomach

contents of five species. Menidia menidia (Linnaeus) and Menidia

TR TR T TR T

beryllina (Cope) Weré common in McClain's collections. A third species;

the rough silversides, Membras martinica (Goode and Bean) has been

recorded in ﬁeighboring'éstuaries.

Silversides occurred in the .stomachs during the summer and fall‘
months. They comprised 71.9%>of the_diet volume of the larger needle-
fish, 44.17% of the Northern sennet. stomach céntents and ld;l% of the
-11-20 cm bluefish diet volume.

Anchovies also were idéntified in tﬁe dieté of five fish species

and were particularly important, volumetricélly, in the stomach content

‘volume of brown bullhead taken in upper Mill Creek. Two fish-cdllectea
on August 9th contained a totai of nine anchovies. This occurrence is

‘interesting in that it is difficult to imagihe bullheads acfively pur—-
suing the pelagic anchovy unless ehe prey were disabled or trapped. In

any case, the examination of a larger sample of bullhead will be neces-

sary before conclusions on this relationship can be formulated. Cre-

valle jack and bluefish apparently had the greatest predation impact on
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anchovies during the study period. Occurrence of this forage species in

the fish stomachs was confinéd to the-June through October period. Mc-

Clain identified two species in the study area, Anchoa mitchilli and
A. hepsetus with the former dominating.

Fourspine stickleback (Apeletes quadracus) were identified in the

stomach contents of six fish species in the study éfea. Oyster toad-
fish in the 18-28 cm size range had the highest‘calculated predétion
index. The species comprised 26% of the stomach content volume of 5-16
cm needlefish. Summer flounder in the 26-65 cm range averaged 0.38
sticklebacks per fish and were the third most important predator species
on the fourspine stickleback population. All but two of the twenty
sticklebacks recofered ffom the fish stomachs were found in bay-collected
specimens. One stickleback occurred in the stomach of a white perch
taken at lagoon station Gl7 in Janﬁary! The other exception was re-

covered from a summer flounder taken at a tidal creek station.

Occurrences of American saﬁdlance (Ammodytes americanus) were
limited to inlet collected striped bass and windowpane specimens. All
three species were associated with the higher salinity inlet sections
of the study area. Sandlance combrised BQ% of the stomach content volume
of the striped bass sample.. It is commonly postulated that bass follow
schools of sandlance on their excursions into inlet areas from the ocean.

Menhaden (Brevoortia tyrannus) were identified in the stomach con-

tents of bluefish and red hake. Occurrences were limited to fish taken
at lagoon and tidal creek staﬁions. Thé opbortunity for‘trépping the
menhaden in these habitats may function to increase utilization at these
stations. This species represented the largest fish component in the

21-36 cm bluefish diet.
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As a'side note, during:January of 1974 a heavy mortality of menhaden

- occurred in Oyster Creek, a tributary of neighboring Barnegat Bay. Oys-

ter Creek receives the heated effluent fromAa ﬁuclear generating station
and thé fish kill occurred after a plant shutdown. Twelve live s£riped
bass in the 30-44 cm size range wefe captured by trawl during the ensuiﬁg
ihvestigation. These bass were gorge& with menhaden in tﬁe 6-12 cm

size range. A total of 38 menhaden were recovered from 12 stomachs.

Two flatfish of the family Bothidae were recovered from the stomach

7_of a striped bass collected in Little Egg Inlet in November. Three

silver perch (Bairdiella chrysura) occurred in the stomach contents of
a 30 cm summer flounder taken at bay station T1l in October. Young-of-

the~year weakfish (Cynoscioh regalis) “occurred in the stomachs of blue-

fish, one smooth dogfish and one striped bass. The bluefish and dog-
fish were collected during August at bay and tidal creek stations. The
bass was taken in the inlet in‘October. Young spot occﬁrfed in the
stomachs of bluefish and oyster toadfish. Spot compfised 54% éf the
total stomach contents coilected from 18-28 cm toadfish._

Killifish of the genus Fundulus were identified in the diets of

four fish species including the generic F. heteroclitus (Mummichog).
Killifish appeared to be a étaple of the young bluefish frequenting~Mili
Creek, lagoon and tidal creek stations. Of twenty-eight killifish re-
covered from the stomachs, only one occurred in a bay—colleéted fish,

and none in inlet collections. Eight Fundulus larvae.were ébserve& in
the stomach contents of a tidewater silverside which resulted in the
silvérsides having the highest predation index on the génus; One killi--
fish Was reco&ered from each of two white perch collected at lagoon

stations during November and'January.
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Gobiosoma bosci, the naked goby, occurred in four fish species.

O

Winter flounder and black seabass were the major predators on this
small bottom dweller, which was also consumed by bluefish and white

perch.

MIM‘

The remains of two sea robins (Prionotus spp.) were recovered from
the sfomach of two summer flounder collected in August. One fish was
taken in the bay, the other in a tidal creek. The béy—collected flounder
was‘65 cm in length and was the largest summer. flounder examined. Two

young-of~the-year winter flounder (Pseudopleronectes americanus) were

also found in the stomach contents of a summer flounder. The fish was
35 cm in length and was collected in the bay during July.

The only occurrences of Atlantic needlefish (Strongylura marina)

observed were in the stomach contents of other needlefish. The consumers

were 8 and 7 cm long; the "consumees" were 3.2 and 4.3 cm_long.

Nofthern pipefish, Syngnathus fuscus, were found in the stomachs Of,
one American eel and one summer flounder. The fish were taken at Mill
Creek and bay stations during June and July. Baird noted the occurrence
of bipefish in the stomachs of Oyster toadfish taken in Great Egg Harbor
Bay:in 1872, and area fishermen have reported their occurrence in the

stomachs of striped bass taken in Little Egg Harbor Inlet.
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OBSERVATIONS ON THE DIETS OF FISH SPECIES

UTILIZING THE LITTLE EGG HARBOR ESTUARY

The daté coliected do not lend themseives to a detailéd analysis
of food habits for all of the fifty-five fish species in the survey.
Sample sizes were, because of scarcity ih the system or study scdpe,
too small to consider all of the size, spatial and temporal variations
affecting diets. The sample sizes were selected with emphasis'onAnu—
mercially dominanf species and épecies of direct management concern
to the recreational fishery. Appendix II liétsithe varidus taxa re-
covered from the stomachquf each'fish'spécies and provides percent vol-
ume,'pefcent occurrence and average content (ind/fish) data.

Ih this section, the sample will be considered on the '"whole system"
"basis with reference to fish size groups where data permits. - In this sense,
the data presented in Appendix II reflect the "average' stomach contents
of fish collected throughout the system, throughout the year. The fol-
loﬁing discussions hiéhlight the findings presented in Appendix II. The
appeﬁdix should be consulted for é complete picture 6f diet diversities
and ddentified éqmponents. The degree of confidence associated with
thése findings is a fﬁnction of sample size and this should be taken into
account when referencing'this data.

Alewife, Alosa pseudoharengus

The stomach contents of eleven alewives contained a minimum of nine

invertebrate taxa. Six fish in the 6-13 cm size range fed heavily on-

Neomysis americana while the diet of five fish in the 27-34 cm size range
was dominated by calanoid copepods. Calanoids appeared in only one of

the smalle; fish. This suggests that the younger fish pursue individual
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prey items while the adults,;ﬁo a larger degree, filter feed on the zoo-
plankton. The larger fish contained an average of over 2,000 calanoids
in their stomachs.

American eel, Anguilla rostrata

Blue crab (Callinectes sapidus) remains dominated in the stomach con-

tents recovered frdm ten eel specimens. Occurring in.four fish, the crabs
accounted for 90 percent of the content volume recovered. Xanthid crabs
comprised the second most imporﬁant diet group in terms of Volume and
occurrence. The remains of a pipefish wefe found in the stbmach of one

eel.

American sandlance, Ammodytes americanus

Calanoid copepods were the only organisms present in the stomach
contents of the four sandlance specimens examined. These fish contained
an average of 524 copepods in their stomachs.

Atlantic menhaden, Brevoortia tyrannus

. Due to.é thorough mixing of finé algae, detritus and sediment
components in the stomachs, volumetric data could not be obtained for
menhaden with the methods employed in‘the study. On thé baéis of sub~
jective observations and occurrenée data it wasvclear that algal matter
comprised the major diet component in all three size groups examined.

Calanoid copepods were second in terms of occurrence but probably

‘ranked lower than the sediment component in total content volume. Smaller

fish- (4-8 cm) had more diversé diets than the larger specimens. The
ingestion of harpacticoid copepods, polychaete larvae and turbellarians

was markedly higher in the smaller size group.

Atlantic needlefish, Strongylura marina

Fish and adult insect forms were the major diet constituents for
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both size groups examined.’ Insects, predominantly dipteran midges and

. winged ants, were relatively more important in the.stomach contents of

the smaller fish (5-16 cm). Silversides, fourspine stickleback and other
needlefish were recovered from the larger sample. Thié was one df two
species for which cannibalism was confirmed.

Atlantic silversides, Menidia menidia

The diet of Atlantic silversides was very diverse. At least 21
taxa occurred in the stomachs of the 85 specimens examined. Items of

greater importance, in terms of both volume and occurrence, included

"calanoid copepods, ampeliscid amphipods, Neémysis americana and fish eggs.

Banded killifish, Fundulus diaphanus

Amphipods dominated  the stomach contents recovered from eighteen

specimens. Leptocheirus plumulosus was a major component. Algae, poly-

‘chaetes and the isopod Cyathura polita were also of importance in the

stomachs examined.

Bay anchovy, Anchoa mitchilli

While at least 22 taxa were present in the diet of bay anchovies,
calanoid copepods and mysid shrimp clearly formed the major forage base

for this species during the study period. Together, Calanoida and

Neomysis americana formed over 84% of the stomach content volume re-
corded from 101 specimens. Amphipods, primarily ampeliscids, were of
tertiary importance.

Black seabass, Centropristis striata

Bréchyuran crabs dominateéd the diet of the seventeen specimens

examined. Component taxa included Ovalipes, Callinectes and Xanthidea.
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Caridean shrimp were of secondary importance, forming 287% of the diet vol- .
ume. : L : o é%%

Blueback herring, Alosa aestivalis

Calanoid copepods, mysid shrimp, Leptocheirus plumulosus, and cari- : ) ii;
dean larvae were the major stomach content components in 13 specimens

ranging in length from 7 to 15 cm. Copepods formed the dominant food

item, representing 48.5% of the diet volume and occurring in all of the
fish examined. The stomachs contained an average of 973 copepods.

Bluefish, Pomatomus saltatrix

The-sample of ninety-seven bluefish was divided into three size

groups. Fish in the 6-10 cm length range fed primarily on grass shrimp

(Palaemonetes), errant pélychaete'forms (Nereis and Nephtys), énd fish.
Silversides Qere the only fish prey identified in the fish remains
observed.

The 11-20 centimeter group was essentially piscivorous with fish
comprising 82 percent of the diet voumebrecqvered from 62 specimens
.(Figure 10). Killifish (Fundulus) and silversides (Family Atherinidae)

were the dominant forage species in terms of volumes consumed. Anchovies,

thie third in terms of volume, occurred most frequently in the stomachs.
Other fish identified in the stomachs of this group were foufspiné
stickleback, Atlantic menhaden, weakfish, spot and naked goby.
Grass shrimp were of less importance than sand shrimp (ggqﬁggg) in this
group.

Twenty—Qne to thirty—sixlcm bluefish relied alﬁost entirely on a
diet of fish and crabs. Fish compfised 86 percent of the stomach contents

recovered from 19 specimens and occurred in 84 percent of that sample.
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" Menhaden and killifishvwere:the major forage species identified. Blue

%%? crab (Callinectes) remains occurred in two stomachs contributing 12 per-

cent of the total sample volume. Crangon septemspinosa occurred in
ézj. : thirty-two percent of the specimens but comprised only 2 percent of the
total stomach contents volume.

Brown bullhead, Ictalurus nebulosus

Although essentially a freshwater species, bullheads frequented the
upper areas of Mill Creek and were taken.in bottom salinities to 11.7 o/oo."
... Fish and polychaetes were the major groups recovered from the stomachs

of five specimens. Anchovies formed 60% of the volume of the stomach

contents collected. Callinectes remains contributed 13.2% of the volume

and polychaetes, including Nereis, Spionidae and Capitellidae, contributed

16 percent.

Crevalle Jack, Caranx hippos
Nine specimens in the 4-13 cm‘size range contained mysid shrimp,

Crangon septemspinosa, and fish remains. Anchovies comprised the largest

volume percentage inlthe stomach contents; Neomysis americana occurred
most freguently and contributed 30% of the total content volume.

Cunner, Tautogolabrus adspersus

Gammarids, particularly Ampelisca abdita and Elasmopus laevis, Were_

the major diet constituents of four young-of-the-year speciméns.‘ The

isopod Edotea triloba was third in terms of content volume and occurred ,

in two of the specimens.

' Fourspine stickleback, Apeltes quadracus

The stomach contents of 76 specimens contained a minimum of 29 forage

taxa. Among the more important food items in terms of relative volumes
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consumed and occurrence in the sample were Calanoid copepods and

ifé§§ Neomysis americana. These two items comprised 38% of the diet volume.

© Six gammarid species were identified in the contents and the .suborder,
525 as a group, contributed 34 percent of the recovered food volume.
Various mollusks, polychaetes and isopods also occurred in the stickle-

back diet.

Golden shiner, Notemigonus crysoleucas

_Calariodd copepods and unidentified polychaete remains were the major
content items identified in the stomachs of three specimens. Unclassified

material consisting of hard, "seed-like" objeéts comprised 55% of the

stomach contents.

I

Grey Snapper,'Lutjanus grissus-

Two specimens contained a polychaete of the family Malanidae, one
calanoid copepod, pelecypod rémains, an isopod and one fish egg.

Hogchoker, Trinectes maculatus

Polychaetes dominated the stomach contents of seven specimens.

Nereis sp. was the only component identified. Chironimidae larvae

occurred in three fish and and were second in terms of volume of identi-

fied material.

Inshore lizardfish, Synodus foetens
Unidentified fish remains were the only items recovered from -the
stomachs of two specimens.

Lined seahorse, Hippocampus erectus

Cymadusa compta was the major food item recovered from the three

specimens. Ampelisca abdita and small Crangon were of secondary im-
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portance in terms of volume. This was one of five species which contained

the remains of mussels (Family Mytilidae). Seahorse prey items were sur-

prisingly large considering the morphology of the seahorse mouth.

Mummichog, Fundulus heteroclitus
Seventeen taxa were identified in 34 specimens. Another mummichog,
4.1 cm in. length, occurred in the stomach of the second-largest specimen

(lO cm) and accounted for 50 percent of the total volume recovered from

the speeies. More frequent diet components were Gammarus mucronatus,

polyﬁﬂgéfeg and algae. Larger individuals are apparently quite ag-

gressive, taking shrimp as well as other fish.

Naked goby, Gobiosoma bosci

Gammarids, particularly Elasmopus laevis and polychaetes, including |

Phyllodocidae and Capitellidae were the major components in the stomachs
of eight specimens.

Northern kingfish, Menticirrhus saxatilis

Crangon septemspinosa was the dominant item in the stomach contents
of two specimens. Also identified were poiychaetes of the family Capi-

tellidae and Gylcera americana.

Northern pipefish, Syngnathus fuscus

Epomysis americana and Cymadusa compta comprised over 90% of the
stomach contents leume of twénty—one specimens. - Calanoid copepods oc-
curred frequently és did ampeliscids and turbellarians; A total‘of six-
_ teen taxa were identified in»the diet sample.

Northern puffer, Sphoeroides maculatus

Three young "blowfish" contained at least twelve different food items

of which gastropods of the genus Crepidula predominated. ‘The specimens
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contained the rémains of 24 Crepidula in total. Isopods, particularly
Erichsonella, were of secondary importance.

Northern searobin, Prionotus carolinus

. Crangon septemspinosa dominated the stomach contents of four speci-
mens. It comprised 80% of the recovered volume and occurred in all four

fish.

Northern sennet, Sphyracna borealis

This is arpiscivorous spécies: Fish remains comprised 95% of the
diet volume of seveﬁ specimens; Silversides was the only foragé species
identified. Mysids oécurred in the smallest (10 cm) specimens.
Oyster féadfish,_OEsanus tau-

Twé size groups were énalysed{ 4—13 cm and 18~28 cm fish. The’
smaller toadfish fed primarily dn polychaetes, particularly Nereis,

and on isopods and xanthid crabs. Idotea was the major isopod com~—

ponent. Crangon septemspinosa occurred in 20% of the sample (3 fish)
and comprised 10% of the content volume recovered from this group.

The diet volume of the larger size group was ddminated by fish remains

of which spot were the major component. ACallinectes sapidus occurred
in two of the fifteen specimens and contributed 12.4% of the totél.
stomach volume. Isopods were of lesser importance volumetrically to
the larger fish But were conéumed at -a highef rate (2.53/fish). .

The larger fish also consumed quantities of eelgrass, ﬁossibly
ingested during the capture of crabs. A number of large nematodes were

also found emmeshed with the stomach content of five specimens.

Permit, Trachionotus falcatus

One specimen was examined. Its stomach contained the remains of 15

Crepidula aﬁd one Mitrella lunata.
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Pinfish, Lagodon rhomboides

The stomach contents of three pinfish in the 6-~11 cm length range

contained Crangon, Palaemonetes and a variefy of Gammarids.. The shrimp

comprised 947 of the diet volume.

Planehead filefish, Monacanthus hispidus

A5 cm and a 13 cm specimen contained -algae, hydroza, unidentified
ﬁelecyﬁod remainé, Corophiidae ampﬂipods and Caprellid amphipods. Algae
and hydroids contribufed 60% of the céntentlvolume suggeéting a grazing
feeding mode for the speciés.

Pumpkinseed, Lepomis gibbosus

Two specimens collected from upper Mill Creek had fed primarily on

polychaetes, particularly Hypaniola and Nereis. Gammarids including

Leptocheirus plumulosus were of secondary importance.

Rainwater killifish, Lucania parva

The diet of nine specimens was dominated by Gammarus mucronatus,
which contribugea 62 percent of the total stoméch content volume and oc-
curred in six of the fish. The remainiﬁg contents inéluded Nereis,
copepods and Mysidacea,

Redfin pickerel, Esox americanus

The remains of an unidentified fish were recovered from the stomach

of a 26 cm specimen collected in Mill Creek.

Scup, Stenotomus chrysops

The stomach contents of a single 14 cm scup contained six inverte-
brate taxa and the remains of4an.unidentified fish. Three polyéhaetes
of the Family Maldanidae contributed éﬁproximately 38 percent of thébcon—

tent volume. The fish remains comprised 22.5% of the volume.
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Sheepshead Minnow, Cyprinodon variegatus

The stomach contents of 29 specimens coulq not be partitioned
volumetrically because of the mixture of sediment, algae and deﬁritus
components oécurring in a number of the fish; Algae, including diatoms
and filimentous forms, appeared to form the bulkvof the ingested ﬁa—
terial. Less important forage-itemsvinéluded copepods, hydroid stolens
and th;énimidae larvae. The diet‘indicates that the species obtains

its foq@,ﬁgimarily by grazing the substrate.

Silyer perch, Bairdiella chrysura

This is apparently quite an aggressive spécies,'feeding mainly
upon mysid and Caridéan shrimp. 'Twenty—éix specimens in the 3-12 cm
size range conﬁained a tdtai fifty—six sand and grass shrimp.' |

Crangon septemspinosa was the dominant form. Fish remains occurred

in the stomachs of four specimens. Seventeen forage taxa were identi-
fied in the sample.

Smooth dogfish, Mustelus canis -

Blue crabs, Callinectes sapidus, occurred in the stomachs of ten

of the twelve dogfish examined. The crabs constituted over ninety per-—
cent of the diet volume. Fish remains were observed in two specimens
and these included a young-of-the-year weakfish.

Spot, Leiostomus xanthurus

Spot had a very diverse diet with a minimum of 32 fbrage taxa oc-
bcurring in the sample of 92 fish. ‘Ampeliscid amphipoas.and Harpacticoid
copepods were major food sources for the 3-10 cm group, while poiychaetes
and, to a lesser extent, ampeliscids predominated in the 11-19 cm group.

It is suggested by their diet that spot are opportunistic bottom feeders.
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Young spot are very abundant in many years; however, few reach a

. catchable or marketable size while in Little Egg Harbor. While spot

represent a food source, at least for oyster toadfish and bluefish, it

is unlikely that predation oécurs on a significant portion'of the popula- - ég;

tion. The species thus removes a great biomass of forage from the system E
upon its out-migration in the fall. E

Spotted:Hake, Urophycis regius

Caridean shrimp dominated the stomach contents of 16 specimens in

the 5-19 cm size range. Palaemonetes and Crangon accounted for over 80%

of the diet volume recovered from this sample. Other food sources iden-

tified included Neomysis, xanthid crabs, fourspine stickleback and
Gammarid amphipods.

Striped burrfish, Chilomycterus schoepfi

Two specimens (23 and 25 cm) contained a-vériety of mollusks and
crabs with Callinectes dominafing in terms of volume. Xanthid crabs
occurred iﬁ both specimens with a total of six individuals fecovered.
The remains of a hermit crab {(Pagurus sp.) were found in the stomach

contents of one fish.

Striped bass, Morone saxatilis

- A total of eleven specimens in the size range of 43-58 Qm were
examined. Fish remains qccurred in niﬁe'of ﬁhese specimens and comprised
approximately 947 of the total food volume fecovered. Sandlance doﬁinated &
the identified fortion of these remains. Other compohents consisted of

silversides, weakfish and the remains of a left—handed'flounder. Crangon

)

septemspinosa contributed six percent of the diet volume.




Striped killifiéh, Fundulus majalié

| The étomach éontents of thirteen striped kKillifish were comﬁosed

‘of 14 identified taxa and an amount of unidentified "mucus-like'" material.
Polychéetes; isopods and émphipods contributed anut equglly to forty
percent of the diet. volume. Idotea formed 14% of the vélume. Fish eggs
were important seasonally. Sediment was recovered from the stomachs

of sixxfish.

Striped—mgllet, Mugil cephalus
Algae and sediment were the only materials recovered from the sto-
machs of four specimens.

Striped searobin, Prionotus evolans

Mysid shrimp, includiﬁg both Neomysis and Mysidopsis, dominated the

stomach contents of three 11-16 cm specimens. Gammarid amphipods, Crangon

and xanthids were of secondary importance.

Summer flounder, Paralichthys dentatus

Fish remains comprised 32.6% of the diet volume of 6-24 cm specimens
and 74.3% of the volume recoveféd from 25-65 cm specimens. In the smaller
group;'anchovies, sticklebacks and silversides were identified.‘ The
fish component was supplemented by mysid and caridean shrimp,‘of which
‘Crangon was of somewhat more importance (Figure 11).

At least seven species of fish occurred in the stomachs of the
larger size group. These included silversides, anchovies, sticklebacks,
silver perch, Searoﬁins,»winter flounder and pipéfish. Brachyuran
crabs, primarily Callinectes, were of secondary importance in this size

group.

Tautog, Tautoga onitis

The two size groups of tautog consumed similar varieties of
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invértebrates, but the relative importance of given items differed con-
siderabl& between the groups. Si% to sixteen cm fish (18 sﬁecimens)
depended heavily on isopods, especially Idotea, while this taxon con-
tributed little to the diet volume of fish:in the 20-32 cm size range.
A1l of the larger fish (7) contained brachyufan.crabs which composed
87% of the total diet volume.. Craﬁs occurred in less than half of the
smalléf fish sample and contributed only 237% of the‘stomach cbntent
volume. .

At least 24 forage taxa occurred in the overall tautog sample. The
two size groups éhéred at least 8 of these. Mollusks occurred in the
larger fish but not in the smaller speciﬁeﬁs. The inverse was true for

copepods, barnacles and fish remains.

Threespine stickleback, Gasterosteus aculeatus

Neomysis americana, gammarids and calanoid copepods were the major
constituents in the stomach contents of six specimens. Neomysis con-
tributed 56.5% of the total content volume and occurred in four fish,

Tidewater silversides, Menidia beryllina

Thirty-seven specimens ranging in length from four to nine centi-
meters were examined. Thirteen taxa were identified in their stomach

contents with copepods dominating in terms of volume, occurrence and

numbers. Gammarids including Leptocheirus plumulosus were of secondary
importance. Larval killifish were recovered from the stomach of one
specimen.

Weakfish, Cynoscion regalis

The importance of fish in the weakfish diet increased with specimen

length while the relative importance of mysid and Crangon components de-

creased. Neomysis americana dominated the diet of twenty-seven 5-10 cm
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weakfish, occurring in 78% of the sample and contributing 41.4% of the

contents volume, Fish remains were second in terms of volume for this

group and Crangon third. Gammarids, particularly Ameplisca, were
second in termé of occurrence (597%) but contributed only 6.6% of the
diet volume.

Fish remains were the major diet item for the 11-17 cm groﬁp of
weakfish. (Figure 12). Anchovies were the only identified.component.
Neomysis had a high occurrence in the stomachs of this size group but
contributed less to the total food volume (23%) than it did in the
smallerrfish. Gammarids occurred infrequently.

B

The stomachs of 32 cm specimen and a 62 cm specimen contained un-
identified fish remains, polychaete remains, and one Crangon. Fish re-

mains accounted for over 99% of the total volume.

White perch, Morone americana

The sample of seventy-nine white perch was separated into three
size groups. Based on length frequency distribution these groups were
assumed to represent the one, two and three plus age groups.

Eighteen specimens in the 7-12 cm length range contained at least

10 forage taxa. Gammarids, particularly Leptocheirus plumulosus and

Corophiidae, represenfed the major food source in terms of total volume
for this group. Neomysis occurréd most frequently and contributed ap-
proximately 107 of the diet volume. Fish remains, includiné Fundulus,
occurred in the stomachs of three'specimens. Fish eggs, which were ten%
tatively identified as Clupei& eggs, were seasonally important both in

terms of volume and occurrence.
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.Neomysis and Crangon were of increased importance in the 14-26.cm
- group of perch. Together, these constituted 61.2% of the diet volume.
Gammarids were second to mysidé in terms of occurrence with six com-
ponen£ taxa identified. As a group, the gammarids éontributed 11.2%
6f.the diet Volume. Fish and'fish eggs were of less importance to this
size group. One fourspine stickleback and one naked goby were identi—
fied in the fifty-four speéimen sample.

The diét'éf seven perch in the 29-37 cm size range was dominated :

by Crangon septemspinosa, which contributed 627 of the volume and oc-

curred in five fish., Killifish (Fundulus sp.) were recovered from one

specimen. Mysids were of secondary importance in this group.

White mullet, Mugil curema

Eleven white mullet ranging in length from 3 to 14 centimeters
were examined. Stomach contents were composed of sediment, plant
detritus and algae. No animal components were observed.

Windowpane,‘Scophthalmus aquosus

Crangon, Neomysis and American sandlance were the major constituents

in the stomachs of four specimens. One sandlance occurred in one win-
dowpane, contributing approximately 12% of the total food volume recovered
from ‘the sample. Three hundred and sixty-~two mysids represented 10% of

the volume and thirty-two Crangon comprised 56% of the food volume.

Winter flounder, Pseudopleuronectes americanus

Mollusks comprised‘approximately 15% of the total stomach contents
recovered from 142 flounder. Ten molluscan species contribﬁted to the
diet. Four hundred and thirty-seven pelecjpod siphon tips were recovered

from the stomach samples. On the basis of terminal pigmentation, size,
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shape and tentacle configuration, approximately 75% of these.siphons

were unmistakably from Mercenaria mercenaria. Of the remaining tips,

most appeared to be hard clam siphons which were partially digested.

A few Mya arenaria (soft clam) siphons were identified-and at least one’

razor clam (Ensis difectus). Pelecypod siphons comprised over 147 of
fhe'winter flounder diet. |

The fish averaged 3.08 siphon tips per specimen in the total sample.
In the 12-21 cm’length‘group, the siﬁhons comprised 22.5% of the diet
volume with an average of 3.85 tips per fish. In the 22-33 cm group, thé
siphons represented a lower volumé percentage, but actual consumption in-
creased to an average .of 6.}6 tips per specimen. Siphons did not con-
tribﬁte significéntly to %he diet of the 3-11 cm gréup occurring in onlyv
four of fifty-six specimens.

Polychaetes compfised approximately thirty-five percent of.the
overall winter flOundér diet and were the dominant forage group both in
terms of volﬁme and frequency of occurrence. At legst 27 Species are

being utilized within Little Egg Harbor, In the 3-11 cm'length group,

Maldanopsis elongata and members of the genera Phyllodoce and Nereis
and families Capitellidae and Spionidae were of importance. In the

12-21 cm group, Glycera americana, Nereis succinae, Pista palmata and

Capitellids were of volume importance, while Pista and Glycera were
major items in the 22-33 cm group. In the total sample, P. palmata

occurred most frequently with Capitellids, Nereis spp. Polydora lingni

and Hypaniola grayi folloWing. On an average, each specimen contained

8.4 polychaetes.

A large variety of crustaceans were utilized by winter flounder with
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amphipods and decapods occirring most frequently. Harpacticoid cope-

pods and cumaceans were consumed regularly by small fish but did not

‘,comprise a major portion of their diet volume. The isopod, Cyathura

polita occurred in’l4.lZ of the stomachs, forming approximately one

percent of the diet volume in medium and large size fish.
An average of 12.8 amphipods per fish existed in the total cample.

This constituted 6.5% of the diet volume. Amphipods were of major impor-

tance in the diet of small fish with Ampelisca abdita clearly dominating

(14.4% volume)( The larger ampeliscid,_é. vadorum, was found in smaller
numbers, But, because of its size, formed an aimost equal poftion of the
diet volume in large fish and exceeded A. abdité in the 12-21 cm group.
In total, ampeliscids accounted for 4.6% of the diet volume, oCcurriﬁg at
a rate of 9.8-individuals per fish. Other”amphipods which occurred

frequently or formed a significant portion of the sample volume were

Cymadusa compta, Microdeutopus gryllotalpa, Corophium spp. and Elasmopus

laevis.

The mysid shrimp, Neomysis americana, occurred in 9.3% of the total
fiéh sample and comprised 10.8% of the diet volume of the small aﬁd
medium length specimens.

Decapods were of considerable importance in the diets of larger

fish comprising 26.1% of the volume collected from the 22-33 cm length

group. Palaemonetes vulgaris was the major species ‘consumed. Crangon

septemspinosa formed 4.7% of the diet volume in the 12-21 cm length

group. Mud crabs including Neopanope texana and Rhithropanopeus

harrisii occurred in 20% of the large fish'sample.-

A number of other items were consumed by the sampled flounder. Four

i
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naked gobies, Gobiosoma bosci, were the only fish identified in the

= N stomachs. Nemertean remains, probably Cerabratulus sp., were found in
four stomachs. Two of these occurred in thé two 1argest (33 cm;) fish

é%% examined. Nemato&es occurred in 15.7% of fhe sampled fish. A young

horseshoe crab (3.2 cm width) was found in.an 18 cm specimen. Thirty-

seven percent of the stomachs contained recognizable amounts of fibrous

plant detritus which comprised about one percent of the total diet

volume.

I

~-93-




THE FORAGE BASE BY HABITAT AREA -

The stomach analysis survey included fish collected from forty-
nine stations within the Little Egg Harbor estuary. These stations - éi?
were segregated into six habitat types to examine spatial differences

in the forage base. The word "habitat" {is loosely used, being ap-

plied to morphological and salinity characteristics. Sampling intensity
and the fish species composition of the sample varied from habitat to
habitat. The classification of borderline or transitional stations was

subjective, and there was always the possibility that a fish collected

in one.habitat had actually‘fed in another._ Given these uncertainties
and variations, few firm'cénclusions can be drawn on habitat-forage
interactionsg however the following sections discuss certain relation-
ships wﬁich are suggested by the data.

Inlet: Sixteen fish species totaling 58 individuals were collected
from six inlet stations. At the time of coilection, salinities at these
stations ranged from 22.0 to 30.1 ppt, and dissélved oxygen levels ranged
froml6.6 t0'10.3.mg/l. Surféce measurements were applied to seine sam-

ples, bottom measurements to trawl collections. Four stations were lo-

cated in Beach Haven Inlet and two in Barnegat Inlet.
A total of thirty-nine forage taxa were collected from the inlet

specimens (Table 6). Limulus polyphemus and sandlance, Ammédytes ameri-

canus, were the only forage items unique to this habitat. Mytilus edulis

was the most frequently occurring mollusk, while Nereis spp. and Glycera
égp. were the major polychaete components in the sampled fish. Cymadusa é%% =

compta and Microdeutopus gryllotalpa were the most frequently occurring

amphipods. Idoteé balthica was the dominant isopod component. Crangon , ' g!;
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occurred in the stomachs‘mdch more than.Palaemonetes, and sandlance had
the highest percent'occurfence of the forage fish comﬁonénts.

of seventeen flounder collécted-at_iniet étatibns only one contained
siphon tips, this indicates that siphoﬁé are not an important diet item
for winter flounder utilizing inlet areas.

Fish eggs wefe é major séasonal diet.component of Atlantic silﬁer—
sides tgken at inlet Stations. ‘ |

The éaianoid copepod-to-sandlance~to st;iped bass food chain was
one clearly identified relationship associated with the inlet habitat.

Bay: The open bay habitqt was the most inténsively-éamplgd'area.of
the estuary.» Stomach analyses were conducted on 430 fish of forty—one.
species. A total of seventeen stations were surveyed. Salinity minimums
at these stations ranged from 16.6 to 28.3 ppt at the time of sampling.
Maximum sélinities ranged from 26.9 to 31.8 ppt. Dissolved oxygen levels
ranged ffom 5.2 to 12.7 mg/1l.

Little Egg Harbof Bay is shallow with natural depths generally_less
than eight feet. A seriés of dredged channels créss the bay with depths
to 20 feet as these channeis approach the inlet. Sediment composition
rangeé from silt to gravel beach. Large areas of the bay are vegetated'
with dense eelgrass beds. |

A total of 94 forage taxa were identified in bay-collected fish,

Calanoid and harpacticoid copepods, and Neomysis in association with

the smaller fish occurred most frequently in the overall sample. Crangon

was encountered most frequently in the larger fish. The remaining for-
age species were evenly proportioned in terms of percent occurrence over

the sample of bay-collected fish with the range of occurrences for given
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species running from 0.2 to 9.3 percent.
Bittium and siphon tips of Mercenaria associated with the winter
flounder sample accounted for the most frequent mollusk~fish incidents.

Nereis spp., Polydora spp. and Pista palmata were the most frequently_

occurring polychaetes.

Of the six isopods identified, Cyathura polita was encountered

most often, followed by Idotea‘balthica. A total of twenty-six amphipod

species were identified in the stomachs of bay-collected fish.IIOf these

Ampelisca abdita and Cymadusa compta occurred most often. Crangon

septemspinosa was the most heavily utilized shrimp species, and Neopanope

was the dominant xanthid component.

FourspineVsticklebaok,‘followed by silversides and anchovies, were

the most frequently encountered forage fish species.

. Overall, the trophic structure of the open bay is extremely complex.
A large number of food chain associations can be developed from the data

obtained. The Mercenaria siphon tip - winter flounder relationship was

- strongest in this habitat. A number of associations including the eel-

grass community were present, including Cymadusa - pipefish. The im-

portance of eelgrass, Zostera marina, in the trophic structure of Little

Egg Harbor is a subject needing further study. Beyond providing habitat
fbr a variety of amphipod énd iéopodvforage species, it is likely that
eelgrass>detritus represents a major portion of the trophic base in the
estuary. Briggs and O'Connor (1971) in a comparisecn of vegetated and

opeﬁ sand bottoms in Great South Bay, New York found that many estuarine

’ fisheé displayed a marked preference for the eelgrass habitat.
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Tidal Creeks: Eight éampling stations were located in natural tidal
creeks. From these, a total of 108 fish of twenty-eight speciéé were
- examined. The tidal creek stations were differentiated from Mill Creek

stations in that they received little fresh water input, and they had

totally undeveloped shorelines consisting of Spartina marsh. Essentially,

these creeks represent cpnfined extensions of the bay. Bottom sedi~"
ments consisted primarily of muds. At time of‘sampling, minimum salini-
ties at these stations ranged from 5.5 to 26.8 ppt énd dissolved oxygen
»miniﬁums ranged from 2.6 to 6.9 mg/i.
Forty-eight forage taxé were identified in the stoméch analysis.
Insects of the Order Coleoptera were the'only forage taxon unique to this
habitat. Only one ocqurreﬁce was observed. Mollusk components were

Mitrella, Solemya and siphon tips of Mercenaria. Polydora spp. was the

most frequently encountered polychaete component. There was a high
occurrence of copepods and mysids in the small fish examined. Ampelisca
abdita clearly dominated the amphipod component in the stomachs of tidal

creek fish. As in the other habitats, Crangon occurred more frequently

 than Palaemonetes.v-of the forage fish species (6 taxa), Funddlus in
association with young—of—the—&ear bluefish, had fhe highést percentage.
of occurrence. | |

Mill Creek: Six stationé were sampled in Mill Créek. The stomachs
of 287 fish of 36 species were analysed.

Mili Cregk staﬁions raﬁged from seasonally fresh waterbareas to es-
'sehtially bay-type areas at tﬁe mouth of the creek. Most of the shore-
line of Mill Creek has been developedlor distﬁrbed_by lagoon and bulk-
head construction. Minimum salinities at the sampling statibns ranged

from less than 1 to 19.1 ppt at time of sampling. Maximum salinities
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ranged from 8.9 to 30.9 ppti Dissolved oxygen levels ranged frém 0.8

- to 12.7 mg/1.

A total of 70 forage taxa were identified from fish collected
within the creek. This degree of variet§ relative.to the tidal creek
stations is possibly éttributable to the number of salinity regimes
occurring in Mill Creek.

- Mercenaria siphon tips, associated with the winter flounder speci-
mens collected in the lower portiohs of the creek were the most fre-
quently encountered mollusk componentf Nereis spp. was the polychaete

most often encountered. Hypaniola grayi followed Nereis in terms of

- frequency of occurrence. The overall occurrence of Hypaniola was strongly

associated with Mill Creek stations. Cyathura polita and Idotea balthica

.respectively were the most frequently encountered isopods. In higher

salinity areas, Ampelisca abdita was commonly observed in the fish stomachs.

The occurrence ratio of Crangon to Palaemoneﬁes was closervin Mill Creek
than in the other habitats; however, Crangon still dominated. Anchovies
and naked goby were the major-forage fish components whiie fish eggs were
important séasonally to whiﬁe perch in upstream areas. Calanoid cope-
pods and Neomysis representéd-thevdominant zooplankton forage.v

Lagoons: Two hundred and thirtY—nine fish of thirty-one species

were collected from eleven lagoon stations. The lagoon complex (Figure

2) consists cf manmade channels cut into upland or filled areas adjacent

to Mill Creek. The character of these lagoons differs greatly, depending

upon their distance from the creek or bay. Interior lagoons are poorly

flushed and frequently stratified during the summer. Oxygen depletion

of bottom waters occurred at these times. Lagoons connecting directly
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to Mill Creek had higher flushing rates, exhibited better watér quality
and were accessible to fish moving through ﬁill Creek. The lagoons var-
ied in age from approximately 20 yearé Qld to newly-dug, ﬁnbulkheaded
sections. Bottom sédiments in.the older lagoons conSiéted of deep, very
fine organic muds,'while the ﬁew lagoons still contained some sandy or
gravel-sand bottom areas. Saliﬁity minimums at lagbon stations ranged
from~2.8 to 19.7 ppt. Dissolved oxygen minimums ranged from 0.0 to
7.4 mg/l at the time of sampling.

A total of 47 forage taxa were identified in the stomachs of fish
colleéted from lagoon stations. The'occurrence of a clam siphon in a
single flounder specimen reﬁresented the only occurrence of mollusks in

this habitat. Nereis spp, followed by Hypaniola and Polydora were the

major polychaete components. As a group, amphipods were encountered .
less frequently in lagoon fish than in fish collected in other habitats.

Gammarus mucronatus occurred most frequently. The lagoon sample contained

‘a high proportion of fish species which, in other habitats, fed heavily

on amphipods. ‘These included spot, stickleback, white perch and silver-
sides. Pelagic food components inciuding Calanoia copepods, Neomysis
and Crangon occurred in proportions equivalent to those observed in other
areas of the estuary. Ménhaden and killifish were theé most frequently
encountered fish items, and occurred primarily in bluefish stomachs.
Tidal Pool: One hundred and eighteen* fish of four different spe-
cies were collected from a tidepool located in the Spartina marsh ad-
jacent to Dinner Point Creek. Salinity in the pobl rénged from 15.8 to
30.3 ppt at the time of.sampling, temperatures ranged from 6.5 to 33.0°C

* Only forty~four of these were included in the overall data analysis due
to a lack of volumetric data. '
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and dissolved oxygen concentrations'ranged from 5.0 to 6.9 mg/1.

In addition to the seven invértebrate.taxa listed in Table 6,
gastropod larvae and hydrozoan pieces were found in the stomachs of
these fish specimens. Algae (includiﬁg fiiamentous gréen, diatom and
dinoflagellate components) represented the major food source for

sheepshead minnow and mummichog in terms of diet importance. Harpac-

0 O

ticoid copepods and Cladocera were the dominant foods of tidewater
silversides, while rainwater killifish fed primarily on Chironimidae

larvae and Gammarus mucronatus. The relative importance of these items

varied from season to season. Dinoflagellates occurred most frequently

in the summer sample, diatoms in the fall and filimentous algae in the

TR

winter and spring. Chironimidae iarvae were.second in terms of overall
occurrence (Tables 7-8) and were found in all séasons. Importange as
listed in Table 7 is based on qualitative observations as to which com-
ponent contributed the most volume to the contents of individual fish

stomachs.

®» @
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SEASONAL COMPONENTS OF THE FORAGE BASE

Table 6 lists the occurrence of_the various taxa iﬁ the fiéh stom-
achs by season. The m§nths of March, April.and May wefe consideréd as
spring; June, July and August as summer, September, October and-Novembér
a§ fall; and December, January and February as winter. A larger pro-
portion of the fish sample was collected during the éummef, and there—
fore a larger variety of forage species might be expected in that sample.

Taxa which occurred more frequently in the stomaéhs during the |

spring than in other seasons. included Mercenaria (siphon tips), Polydora,

Pista, Calanoida, Harpacticoida, Ampelisca vadorum, Neomysis_ahd fish

eggs. nThe siphoﬁ’tips, Egﬁgg‘and'é. vadorum were major components of

adult winter flounder which were actively feeding during these months prior
to emigration from the bay. Perch ﬁtilizationvbf’C1upeid eggs in Upper

Mill Creek accounted for the high occurrence of fish eggs'during the

_ spring. The spring fish population contained a high proportion of small

resident species including stickleback and perch. This iﬁcreased the
pércent occurrence of Neomysis relative to the summer months ﬁhen a
variety of larger fish were present in the estuary.

The presence of migrétory predator species including bluefish, weak-
fish and_éummer flounder in the estuary during the summer and fall months
is reflected by the increased ocourreﬁce of fish, Crangon and crab com-
ponents during these seasons.

During the winter months,fish activity in the system is essentially
limited to white perch, winter floundgr and small resident‘species in~-
cluding sticklebacks and silversides. ‘Mollusk and polychaete forage

components are utilized rather exclusively by winter flounder during
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these months. Palaemonetes occurred as frequently as Crangon in the

overall sample with Palaemonetes dominating the flounder diet and

Crangon the perch diet. A total of thirty~eight taxa were identified in

the winter sample. Calanoid copepods and Neomysis continued to dominare

the diet of small fish.
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"DIET DIVERSITY

The relative diversity of the diets of thirty-three fish species-size
groups were examined using the formula:

Diversity = P, loglOPi (adapted from Shannon and Weaver, 1963) where

P, = the proportion on the basis of numbers of individuals, of the i th

1

prey species in the total diet sample. The base 10 log is considered
appropriate since most of the diets involved over ten prey species. The

stomach contents of ten individual fish from each species-size group were

" pooled for the analysis. The ten fish were randomly selected from the

total stomach analysis sample. For each group, the minimum number of

species contained in the stqméchs was-determined. Préy items which were
identified to highef»taxoﬁomic levels were proportioned over identified
component specieé.

Results of the analysis are presented in Table 9. Black seabass had
the highest diei diversity; 11 to 17 cm weakfish, the lowesf. These data
indicate, to a degree, the flexibility of the feeding patterns of the

various species-size groups examined. High diversity values might sug-

gest a high capacity for adaptation to changes in the forage base, where- -

as low values suggest a lower tolerance. It is important to note the size
fanges involvéd since an increased spread wéuld be expected to result in
inéreased diversity. \Species+t6;species comparisons are thus more mean-
ingful for sample groupé of.similar size ranges. |

As a general finding, the diet diversity of fish within a spécies in-
creased with fish size. Exampies of this inciude oyster toadfish, blue-
fish, summer floundér, white perch and spot. Medium-sized winter flounder

and weakfish were the exceptions.

The diversity data are not necessarily consistent with the distribu-
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tion of percent volume data observed for various forage items in given é%%

fish species samples. This is due to the fact that there were wide ranges

in the size of prey items consumed'by'fish of certain species. As an

- -
example, 907 of the diet volumes of American eel and smooth dogfish con- _ éza é
sisted of blue crab remains, yet these fish had relatiﬁely high diet di- E
versities in terms Qf types and numbers of prey organisms. For this E
reason, using diet diversity asAan index of a species cabacity for adapt-

ing to changes in available forage populations would require an analysis

of volumetric as well as numerical proportions.
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SUMMARY AND RECOMMENDATIONS

"’Carbon fixatioﬁ in the Little Egg Harbor estuary is accomplished
by phytoplankton; sedentary algae, Spartina marsh and submerged eelgrass
beds, etc.’ The relative contribufion of each compénent to the ultimate
production of fish is unknown éince few of the observed fish food chains
can be_linked to a single phototrophic.group. The di&ersity exhibited‘
at thé‘%ﬁgtotrdph level ié‘multiplied by each ensuing trophic level,
resuitfﬁgf;ﬁ'a complexipy'which essentially defies the construction of
an inclusive schematic overview. The fish forage base consists of a
mixture of primary consumers,'carnivores and omnivores, which include

at least one hundred and forty-two taxa. Diets of the surveyed fish

species are very flexible. Forty-seven different prey species were

identified in the stomach contents of one size group of winter flounder.

The stomach contents of'a subsample of ten fish of thifty—three different
species—size.grodp combinations contained an average of twelve diffferent
prey taxa.

The complexity of the Little Egg trophic structure provides a sta-
bility and variety in the system's forage base which allows for the con-
current.productidn of‘at least sixty;four species Qf fish (McClain 1977),
This divérsity, however, d&es not preclude the fact that certain or-
ganisms play more iméortant roles than others in the transfer of energy
from blant to fish., Table 10 lists some of the forage taxa which were
found to bé of particular importancé in the diets of various fishes.
These can be considered as key organisms in the trophic structure of

the estuary. Calanoid copepods, Neomysis americana, various gammarids,

and Crangon septemgpinosa were identified as major characters in the
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food chains of many of the%fish species surveyed, and loss of thése or-—
ganisms would no doubt be reflected in changes in the diversity and
species composition of fish populations. .fhis group, which contains
planktivores, detritivores and omnivores, exemplified the valﬁe of a
muiti—faceted primary production base.

0f the estuarine food web types characterizéd by deSylva (l975),
ﬁhe Li?gie Egg Hérbor trophic strudture appearé to be most similar to

that of the Delaware River estuary. Most of the invertebrate species

identified in Little Egg are assumedly detritus—feeders; hdwevef, the
the importance of phytoplankton-feeding taxa; including Calanoida and
Mysidea, would tend to équalize the value of the phytoplankton base in
terms of total energy fldw; A quantitative examination of invertebrate
diets would serve to identify thé relative contribution of each enéfgy
pathway in the production of fish.. Such a étudy wili be necessary to
complete analysis of the Little Egg Harbor trophic structure,

The tidal estuaries of New Jersey, including Little Egg Harbor,-
are utilized by a large number of migratory fish species, thus, at any

given time a substantial portion of the fish biomass in these systems

- 1s composed of transient fishes., These include winter flounder, weak-

fish, bluefisﬁ, menhaden, summer flounder, seabass and others. Because
of this,‘much of the energy fixed within thevestuarine fish faﬁna is
ultimately exported to the ocean. (Figure 13)

Since twofthirds of thé recreationally and commefciélly important
fish species‘along the Atlantic coast are esfuarine—dependent at some
life stage (McHugh 1976), the study of estuariné food webs has a number

of fish management implications. Fluctuations on the abundance of
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estuarine forage organisms méy have profound effects on the year-to-
.yeér abundance of harvestable fish. Iﬁ spite 6f this, management and
environmental protection actions have generaily been geared to tolerance
levels exhibited by target fish species, ignoring the possibly higher
sensitivity of their forage base to pollution and hébitat loss. |

The>concept of forage management in estuaries should be further

explore& by fisheries scientists. A primary need is the development

of systematic methods for evaluating the forage potential of given

estuarine areas. The present study provides some insight in this re-

spect:

1. Forage base assessments must coﬁsider planktonic, benthic and
nektonic invertebrate populations to provide an accurate pic-
ture of fish food potential.

2. Assessment must consider the species composition as well as.the

densities of these invertebrate populations.

The monitoring of key foragé populétioné in representative estuaries
.will be a necessary step in develqping and implementing predictive models
of fish abundance. In New Jersey wafers, mysid and caridean shrimp
populations wouid be obvious candidates. At a minimum, forage species
management should include the protection of critical habitats and the
maintehance of acceptable water quality conditions. This will ;equire
defining bptimal salinity, dissolved oxygen and tempefaturé regimes as.
well as determining the tolerances of key species to various chemical
contaminants. Per#inent data shguld be catalogued from existing litera-
ture and, as necessary, developed through new research.” Physical habitat

preferences of important forage organisms also need to be defined and

~108-




()

this knbwledge incorporated in fisheries management activities. Con-

sidering the multi-species benefits which might be accrued by shifting

invertebrate production from unutilized to heavily-utilized forms, the

ultimate management concept of activély manipulating populations of

forage organisms is deserving of thought.
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Table 1. Sample of fishes collected from Little Egg Harbor and Manahawkln

Bay for stomach content analy31

- Final

Scup, Stenotomus chrysops

~-110~

Number Number with sample
Species . examined empty stomaghs size
Alewife, Alosa pseudoharengus 12 1 11
American eel, Auguilla rostrata 11 1 10
American sandlance, Ammodytes americanus 4 0 4
Atlantic menhaden, Brevoortia tyrannus 42 0 42
Atlantic needlefish, Strongylura marina 20 0 20
Atlantic 31lver31des, Menidia menidia 89 4 85
Banded killifish, Fundulus diaphanus 18 0 18
Bay anchovy, Anchoa mitchilli 108 7 101
Black seabass, Centropristis striata 18 1 17
Blueback herring, Alosa aestivalis 17 0 17
Bluefish, Pomatomus saltatrix 126 29 97
Brown bullhead, Ictalurus nebulosus 5 0 5
Crevalle jack, Caranx hippos 11 2 9
Cunner, Tautogolabrus adspersus 4 0 4
Fourspine stickleback, Apeltes quadracus 80 4 76
Golden shiner, Notemigonus crysoleucas 3 0 3
Grey snapper, Lutjanus griseus 2 0 2
Hogchoker, Trinectes maculatus 10 3 7
Inshore Lizzardfish, Synodus foetens 2 0 2
Lined seahorse, Hippocampus erectus 3 0 3
Hummichog, Fundulus heteroclitus 87 8 81 *(35)
Naked goby, Gobiosoma bosci 9 1 8
Northern kingfish, Menticirrhus saxatilis 2 0 2
Northern pipefish, Syngnathus fuscus 21 0 21
Northern puffer, Sphoeroides maculatus 3 0 3
Northern searobin, Prionotus carolinus 4 0 4
Northern sennet, Sphyraena borealis 7 0 7
Oyster toadfish, Opsanus. tau 35 5 30
Permit, Trachinotus falcatus 1 0 1
Pinfish, Lagodon rhomboides 3 0 3
" Planehead filefish, Monécanthus hispidus 3 1 2
" Pumpkinseed sunfish, Lepomis gibbosus 2 0 2 v %
Rainwater killifish, Lucania parva. 20 9 15 #(9)
Red hake, Urophycis chuss 4 1 3
Redfin pickerel, Esox americanus o2 1 1 A,
1 0 1 ~




TaBie 1. continued

: ' Final
v _ Number Number with - sample
- Species - “éxamined - ‘empty stomachs size
Sheepshead minnow, Cyprinodon Vvariégatus 52 ' 7 48.*(23)
Silver perch, Bairdiella chrysura 28 : 2 - ' 26
-Smooth dogfish, Mustelus canis ' 12 0 A 12
Spot, Leiostomus xanthurus '_7 94 1 .93
Spotted hake, Urophycis regius 18 1 17
Striped burrfish, Chilomycterus schoepfi 2 : 0 : _ 2
Striped b%Ss, Morone saxatilis> : 13 2 11
Striped killifish, Fundulus majalis - 16 3 13
Striped mullét, Musil cephalus -5 1 4
Striped searobin, Prionotus evolans ' 3 0 3
Summer flounder, Paralichthys dentatus 41 3 - 38
Tautog, Tautoga onitis ' 25 0 25
Threespine stickleback, Gasterosteus
‘aculeatus 6 0 6

Tidewater silversides, Menidia beryllina 43 4 39 *(37)
White perch, Morone americana 80 1 79
White mullet, Mugil curema 11 0 11
Weakfish, Cynoscion regalis - 51 0. 51
Windowpane flounder, Scophthalmus acuosus 4 0 4
Winter flounder

Pseudopleuronectes americanus 147 6 141
Number of species 55 ' :

Total ‘ 1449 109 - 1340 *(1266)

s

* Only a portion of those specimens collected in the tidepool habitat were
included in the overall analyses due to a lack of volumetric data. Number
in parentheses is sample included in Appendix I and II. ‘
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_v&éBle 2. Total 1ength (cm) ranges of fish in the stomach analysis sample and
‘ the proportion of each species in fish collections in Little Egg
Harbor (McClain 1977). & -~ - v oo e

Species Sample Length Range Proportion x 10"4
Alewife 6 - 13 5.6
Alewife 27 - 34 - 4.7
American eel 11 - 61 14.2
American sandlance 9 -~ 12 222.2
Atlantic menhaden 4 - 8 57.5
Atlantic “menhaden 11 - 16 124.2
Atlantic menhaden 25 - 28 40.0
Atlantic needlefish 5 - 16 20.0
Atlantic needlefish 24 - 58 5.8
Atlantic silversides 3 - 13 2592.9
Banded killifish. 3-10 151.5
Bay anchovy : 5 - 11 2705.2
" Black seabass - 6 — 21 6.4
Blueback herring ’ 7 - 15 58.4
Bluefish 6 - 10 ‘ 5.0
Bluefish ' 11 - 20 28.9
Bluefish 21 - 36 8.6
Brown bullhead 21 - 35 - 2.5
Crevalle jack 4 - 13 19.5
Cunner . . . 3-"5 1.1
Fourspine stickleback ' 2 - 6 1451.8
Golden shiner 15 - 18 1.1
Grey snapper’ : 4 - 5 2.5
Hogchoker : ‘ 2 - 17 29.5
Inshore lizardfish 10 - 14 0.6
Lined seahorse 8§ - 12 2.8
Mummichog ‘ 3 -11 : - 722.3
Naked goby ' 3- 5 - 61,1 \
Northern kingfish 15 - 19 1.7
Northern pipefish 9 - 21 84.2
Northern puffer 2 - 11 1.7
Northern searobin 8 ~ 18 2.8
Northern sennet 10. - 17 20.3
Oyster toadfish 4 - 13 34.7
38.6

Oyster toadfish 18 - 28
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Table 2 (continued)

- Species ‘Samplé Léngth Range . Proportion x 10
Permit 8 0.8
Pinfish ’ 6 - 11 4,7
Planehead filefish - 5 ~13 o 5.6
Pumpkinseed ' 9 - 10 0.6
Rainwater killifish 3= 4 : 37.8
Red hake 8§ - 20 : 1.1
Redfin pickerel - 26 . 0.3
Scup ‘ 14 1.4
Sheepshead minnow 3- 5 43.1
Silver perch 3 -12 139.7

" Smooth dogfish 39 - 56 ' 5.0
Spot o 3 -10 180.9
Spot ' : » 11 - 19 283.2
Spotted hake 5 -19 8.3
Striped burrfish 23 - 25 : © 3.3
Striped bass ' 43 - 58 0.3 £

 Striped killifish - - : h-13 42.5 E
Striped mullet ’ 11 - 16 . | 1.7
Striped searobin 4 - 7 0.6
Summer flounder 6 - 24 i 7.8

© Summer flounder 26 — 65 4.7
Tautog 6 - 16 ‘ 9.4
Tautog ’ 20 - 32 ' 3.3
Threespine stickleback 5- 17 5.3
Tidewater silversides 4 - 9 615.6
White perch 7 - 12 29.7
White perch 14 - 26 45.6
White perch 29 - 37 6.1
White mullet - , 3 - 14 ' 36.1
Weakfish 5 - 10 26.4
Weakfish ‘ : 11 - 17 S 11,7
Weakfish 32 - 62 0.6
Windowpane o v 15 - 34 v 2.2
Winter flounder 3 -11 30.3
Winter flounder : 12 - 21 34,2
Winter flounder = .22 - 33 ' ' 30.6
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Table 3. Identified Components of the Fish Forage Base in Little Egg Harbor

(a)

Sediment

Plant detritus
Algae |
Porifera
Hydrozoa_ -

Anthozéa;:ﬁctiniaria

Turbellaria

Nemertea

Nema:toda’
vBryozoa

Gastropoda

Bittium alternatum

Crepidula spp. (slipper éhells)

Mitrella lunata

Ilyanassa obsoleta (Eastern Mud Snail)

Haminoea solitaria

Pelecypoda

Mytilus edulis (blue mussel)

Laevicardium mortoni

i i s

Mercenaria mercenaira (hard-shell clam)

Fam., Tellinidae

Tagelus divisus

Ensis directus (razor clam)

Mya arenaria (soft-shell clam)

Lyonsia hyalina

Solemya.velum
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lff< ' : (b)
Tablé 3 (continued)
Cligochaeta

Hirudinea

Polychaeta (polychaete worms)

Phyllodoce maculata

Phyllodoce arenae

Fumida sanguinea

Efedﬁeﬂsg .

Fam. Aphroditidae

Fam. Polynoidae |

- Stenelais spp.

Glycera americana

Fam. Goniadidae
Nephtys spp.
Fam. Syllidae

Nereis succinea

Fam. Capitellidae

Clymenella torquata

Maldanopsis elongata

Scolecolepides viridis

Polydora ligni

Streblospio benedicti

Aricidea sp.

Lumbrineris tenuis

Arabella iricolor

Scoloplos fragilis

Hypaniola grayi

Pista palmata

Sabeila microphthalma
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Table 3 (continued)

Limulus polyphemus

Arachnida, Order Acari
- Insecta
Order Plecoptera

Order Diptera

Ordgr-Coleoptera
Of&é%"ﬂymenoptefa
Order ﬁgﬁoptéra
Order Hemiptera

Cladocera

Ostracoda

Copepoda
Order Calanoida
Order Harpacticoida
Order Cyclopoda

Cirripedia

Cumacea

Isopoda and Tanaidacea

Tanais cavolini

Leptochelia savignyi

Cyathura polita

Cirolana sp.

Ldotea bélthica

Idotea phosphorea

Edotea triloba ' . % =

Erichsonella attenuata

Erichsonella filiformis

Fam. Oniscidae
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. Table 3 (continued)

Amphipoda

Ampelisca ébdita

Ampeliscé vadorum

Ampelisca verrilli

Ampithae longimana

Cymadusa compta

Rudilemboides naglei

Microdeutopus gryllotalpa
Lembos sp.

Batae catharinensis

DR k00 b it o i e, kM

Corophium spp. -

Erichthonius rubricornis

Erichthonius brasiliensis

Unciola serrata

Cerapus tubularis

Gammarus spp.

Gammarus mucronatus

Elasmopus leavis

Casco bigelowd

Melita sp.
Maera danae
Fam. Lysianassidae

Fam. Hyalidae

% Monoculodes edwardsi

Microprotopus ranei
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Table 3 (continued)

Leptocheirus plumulosus

Paraphoxus spinosus

Orchestia platensis

Stenothoe minuta

Parametopella cypris

Subo;dér Caprellidae
Order Mysiaqgea (Mysid Shrimp)

Neomysis americana

Mysidopsis bigelowi

Order Decapoda
Penaeus sp. (Shrimp)

Palaemonetes vulgaris (Grass Shrimp)

Palaemonetes pugio (Grass Shrimp)

Hippolyte sp.

Crangon septemspinosa (Sand Shrimp)

Pagurus longicarpus (Long-armed Hermit Crab)

Ovalipes ocellatus

Callinectes sapidus (Blue Claw Crab)

 Neopanope texanna (Mud Crab)

Rhithropanopeus harrissii (Mud Crab)

Eurypanopeus depressus (Mud Crab)

Aslidiacea, Fam. Molgulidae
Osteichthyes

Menidia menidia (Atlantic silversides)

Anchoa mitchilli (Bay anchovy)
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Table 3 (continued)
Apeletes quadracus (Fourspine stickleback)

Ammodytes ameriéanus (American sandlance).
Breveortia tyrannus (Atlantic menhaden)'

Fam, Bothidae (Lefthand flatfishes)

D

Bairdiella chrysura (Silver perch)

Cynoscion regalis (Weakfish)

Leiostomus xanthurus (Spot)
Fundulus heteroclitus (Mummichog)

Gobiosoma bosci (Naked goby)

Prinonotus spp. (Sea robins)

Strongylura marina (Atlantic needlefish)

Syngnathus fuscus (Northérn pipefish)

Pseﬁdopleuronectes americanus (Winter flounder)
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Table 4. Breakdown of Litter Egg Harbor Sample.by Habitat Type
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B
. [ORN O]
Habitat o) — 2 2 o g — —
2l | 23| 3% | $8|dz | T
=I - o o 5 o H O o
H | m HO | =0 <A | B &
Species
Alewife = 2 1. 2 6 11
American e&l 1 2 6 1 10
American sandlance 4 4
Atlantic menhaden 8 9 25 42
Atlantic needlefish 17 1 1 1 20
Atlantic silversides 8 29 20 17 11 85
Banded killifish 15 3 18
Bay anchovy 41 31 21 8 101
Black seabass 2 -7 1 6 1 17
Blueback herring 1 5 5 6 17
Bluefish 1 28 21 16 31 97
Brown bullhead 5 5
Crevalle jack 1 4 1 3 9
Cunner - : 3 1 : 4
Fourspine stickleback 37 17 22 76
Golden shiner ' 3 3
Grey snapper 2 2
Hogchoker 3 4 7
Inshore lizardfish 2 ’ 2
Mummichog 8 1 5 6 61 31
Naked goby 1 4 '3 8
Northern kingfish 2 2
Northern pipefish 15 1 5. 21
Northern puffer 3 3
Northern searobin 4 4
Northern sennet 7 7
Oyster toadfish 14 5 11 30
Permit 1 1
Pinfish 3 3
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Table 4. Continued .

—
o
o
[SRROR
P '
N ] 24 U4 O - —
%) . G —~ 0 | A O o — o
2o0r (2822128 88 |3
A a &= O SO | <4 B B
Planehead filefish 2 2
Pumpkinseed 2 2
Rainwater killifish 1 1 5 8 15
Red. hake 2 1 3
Redfin pickerel 1 1
Scup 1 1
Sheepshead minnow 1 2 6 - 39 48
silver perch 18 5 1 2 26
Smooth dogfish - 7. 5 12
Spot 3 24 29 22 15 93
Spotted hake , 12 1 4 17
Lined seahorse 2 1 3
Striped burrfish 1 1 2
Striped bass 10 1 11
Striped killifish 1 3 2 7 13
Striped mullet. 2 2 4
Striped searobin 1 1 1 3
Summer flounder - 1 18 9 8 2 38
Tautog 1 13 3 8 25
Threespine stickleback 1 4 1 6
Tidewater silversides 1 2 19 7 10 39
White perch 1 2 32 44 79
White mullet 5 1 5 11
Weakfish 1 20 22 5 3 51
Windowpane 2 2 4
Winter flounder 17 77 17 25 5 141
430 208 - 287 239

Total ‘ 58

* The stomachs of 74 tidepool specimens were only qualitatively evaluated.
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Table 5. Breakdown of Litter Egg Harbor Sample by Season of Collection

March, April, May Sumimer = June, July, August

Spring =
Fall = September, October, November Winter = December, January, February °
Season
Species ' ’ Spring Summer Fall Winter
Alewife: : 7 2 S 2
American eel 2 8
American sandlance 4
Atlantic ménhaden ‘ 33 9
Atlantic needlefish - - 20
Atlantic silversides 33 34 7 11
Banded killifish o 14 2 2
Bay anchovy 40 59 2
Black seabass : o 14 - _ 3
Blueback herring 5 v 4 ‘ 4
-Bluefish 79 18
Brown bullhead S 2 2
Crevalle jack ' _ 9 '
Cunner . : 3 1
Fourspine stickleback 18 18 40
Golden shiner o 3
Grey snapper -2
Hogchoker ' 2 ) 5
Inshore lizardfish 2 _
Mummichog 1 8 6 19
Naked goby 5 3
Northern kingfish 7 2
Northern pipefish ’ 7 12 2
Northern puffer ' ’ 3
Northern searobin 2 2
Northern sennet 7
Oyster toadfish : 1 26 3
© Permit ' 1
Pinfish 3
Planehead filefish 1 1
Pumpkinseed 2
Rainwater killifish 2 6 1
Red hake - ’ 1 2
Redfin pickerel ' 1
Scup 1
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Table 5. Continued

Season

Species Spring Summer Fall Winter

Sheepshead minnow 12 2 .A 3 12

"Silver perch ' ' 6 20

Smooth dogfish - 12

Spot _ 79 13

Spotted hake , 5 10

Lined séaggrse 3

Striped burrfish S 2

Striped bass ' 1 10 i

Striped killifish 9 . 4 E

Striped mullet . 2 , 2

Striped searobin ' 2 - 1 E

Summer flounder ' 1 29 . 8 E

Tautog 1 14 9 1 :
~ Threespine stickleback 3 3

Tidewater silversides 1 18 18

White perch . ' 13 19 17 - 30

White mullet . 8 3

Weakfish _ 32 19

Windowpane ' 3 1

Winter flounder 32 64 28 18

# Species 24 46 - 32 14
# Fish - 193 694 210 163
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. Table 6. Percent Occurrence of Forage Taxa by Habitat and Season

Forage - FEIR R 3

Species o nloo|loelS (S3l Dl El G| &
o © — Y H 9 @ ~ O [a¥ =} (] o) 15
— m HO| 510 = oAy wn %3] = = E

! : 58 | 4301 208 |287 {239] 118] 193] 694 | 210 | 163

Bittium alternatum 3.4 0.5 0.3

Crepidula spp. 2.1 0.3 0.5 1.2 0.6

Mitrella-lunata 1.7 0.5 0.7 0.4 0.6

Nassariidae 0.5 0.7 0.4 0.5

Haminoae solitaria ' 1.7 0.5 0.4

Mytilus edulis : 3.4 0.5 0.5 0.3 0.5

M. mercenaria (siphons) 1.7 7.0 1.4 2.1 0.4 10.9 0.7 5.2 2.5

Lyonsia hyaling 0.2 0.5

Solomya velum 0.5 0.5 0.4

Oligochaeta 0.5 1.4 0.4 1.0 0.3 1.0 0.6

Phyllodonre maculata 0.7 0.7 0.4 1.0 0.6

Phyllodoca arenae 0.2 0.3 . 1.0

Eteone spp. 0.5 1.0 0.4 1.7 0.5 0.7 0.6

Polynoidae 1.7 0.2 0.5 0.1

Stenelais spp. . 0.3 0.5

Glycera spp. 8.6 1.2 0.3 0.4 1.0 1.0 1.0 1.2

Goniadidae 1.7 1.9 0.3 1.3 0.6

Nephyts spp. . 0.2 0.8 0.3 0.5

Nereis spp. 10.3 3.3 1.9 4.9 3.8 3.1 4.5 4.3 0.6

Capitellidae 6.9 1.4 1.0 0.3 0.8 1.9 0.5 0.6

Clymenella torquata 0.9 0.5 0.1 1.0

Maldanopsis elongata 1.9 0.3 1.9 1.2

Scolecolepides viridis 0.7 0.7 0.5 0.6

.Polydora spp. 3.3 3.8 0.7 1.3 9.3 1.0 1.0

Streblospio benedicti = 1.7 1.0 0.6

Aricidae sp. 0.2. 0.5

Lumbrineris spp. 0.9 0.5 0.6 0.6

Arabelia iricolor 0.2 0.3 1.0

Scoloplos spp. 1.7 0.2 . 0.3 0.5 0.3

Hypaniola grayi 0.7 1.0 3.1 1.3 1.6 1.9 0.6

Pista palmata 4.0 1.0 6.7 0.1 1.4 1.8

Sabella microphthalma 0.2 0.5 0.3 1.0 0.1

Limulus polyphymus . 1.7 0.1
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- Table 6.

Continued
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o - 2| & |~ o g |- o
. @ W ol v o | &8 | g | - e
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Forage o o | oM H @ [H O | &~ 3 ) o
, : A |m O |=S0f A |ea | »m PR =
Species
e 58 1430 1208 287 1239 :118 193 '694 210 163
Plecoptera - ' 0.4 0.6
Diptera  (Aduit & Larvae) 1.9 0.5 15.012.1 27.1 5.2 8.1 5.7 8.0
Coleoptera - 0.5 0.5 . ‘
Hymenoptera 1.7 1.6 0.5 1.3
Homoptera 0.5 0.7 0.4 0.7
- Hemiptera 0.3 0.
Cladocera 1.9 2.8 2.5 1.7 2.9 0.1 0.6
Ostracoda - 5.6 4.8 6.3 1.3 5.9 10.4 4.8 1.0 0.6
Calanoida 8.6 18.8 21.6 25.8 24.3 7.6 43.0 14.1 14.8°36.2
Harpacticoida 6.9 14.0 10.6 20.6 10.9 27.1 23.8 13.8 8.6 16.6
Cyclopoda K 1.0 0.5 0.3
Cirripedia (larvae) 1.9 2.4 2.1 0.5 2.2
Cumacea 3.3 4.3 5.2 0.5 5.3
Tanais cavolini 0.2 1.7 0.4 1.0
Leptochelia savignyi - 0.3 0.5
Cyathura polita 3.7 1.0 7.7 2.1 4.7 3.2 6.
Idotea balthica 10.3 2.8 1.0 5.2 1.6 4.6
Idotea phosphorea 0.7 0.5 0.5 0.4
Edotea triloba 3.4 1.4 1.4 2.8 0.4 1.0 2.0 1.
Frichsonella attenuata 1.2 1.0 1.2
Erichsonella filiformis 0.5 0.5 1.0 0.5 0.6 0.
Oniscidae ' : 0.3 .0.1
Ampelisca abdita 1.7 9.3 12.5 7.7 1.3 8.3 8.8 6. 1.2
Ampelisca vadorum 4.9 1.9 1.0 9.8 0.9 0. 1.2
Ampelisca verrilli 0.7 0.5 ‘ 1.2
Ampithoe longimana 0.5 ‘ 0.5 0.1
Cymadusa compta 8.6 6.3 1.9 3.1 0.4 2.1 3.6 4. 4.9
Rudilemboides naglei 0.9 _ 0.6
Microdeutopus gryllotalpa 8.6 1.1 1.4 1.7. 0.8 2.4 1.
Lembos sp. 1.7 0.2 1.0 0.4 0.7
Batae catharinensis 0.5 _ 0.1 0. ’
Corophium spp. 5.2 4.7 1.9 2.8 2.5 1.4 4.0 3. 1.8
Erichthonius rubricornis 0.2 0.1
- Erichthoniug brasiliensis 0.5 0.4 0.3 0.
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—:_Téble 6. Continued

.#‘Fish

o — ﬁv 4 g b ? $ $
Forage. LI Seiae 183D |E a =
Species 54 |E&|E8 FlE2 a8 |8 ¢
58 | 430 1208 1287 239 [118 |193 | 694 | 210 163
Unciola gerrata 1.0 1.0 0.1
Cerapus tubularis - - 1.7 0.9 0.5 0.7 1.2
Gammarus spws 0.7 1.4 5.2 3.3 6.8 3.1 2.2 0.5 4.3
Gammarus mucronatus 0.7 0.5 1.0 3.8 4.2 1.5 1.4 1.4 3.1
Elasmopus leavis 3.4 4.7 0.5 2.4 0.4 0.5 3.9 1.0 0.6
Casco bigelowi 1.7 0.2 1.0
Melita sp. 0.2 0.5
Maera danae : 3.4 0.7 0.3 1.4
Lysianassidae ' o 0.7 0.3 E
Hyalidae 0.2 0.1
Monoculodes edwardsi 0.2 ' 0.3 0.4 1.0 0.6
-Microprotopus ranei 1.7 1.6 0.5 0.5 1.2 '
Leptocheirus plumulosus 1.7 12.9 3.3 1.0 6.2 4.2 1.8
Paraphoxus spinosus 0.2 0.1
Orchestia platensis 0.3 0.4 0.1 0.5
Stenothoe minuta 0.5 0.3 0.5 0.3 i
Parametopella cypris - - 0.5 0.5 0.4
Caprellidae , 3.4 0.7 0.7 1.0 =
Neomysis americana 3.4 18.1 32.2 12.2 20.9 34,7 11.2 21.4 25.8 é
Mysidopsis bigelowi 2.8 0.5 0.3 2.1 1.6 3.3 0.6 E
Penaeus sp. ' 0.2 0.1 : :
Palaemonetes vulgaris 1.7 5.1 1.9 1.7 1.3 2.1 2.0 3.3 6.1
Palaemonetes pugio 1.7 1.2 1.0 1.0 0.5 0.7 1.4 1.2 E
Hippolyte sp. 0.2 0.1
Crangon septemspinosa 22.4 15.6 15.4 5.2 7.5 5.7 12.4 17.6 6.1
Pagurus longicarpus 0.2 0.5
Ovalipes ocellatus 0.5 1.0 E
Callinectes sapidus 1.7 2.1 6.3 4.5 1.7 4.3 4.3 0.6
Neopanope texanna 1.7 4.9 3.5 0.4 2.6 3.2 2.9
Rhithropanopeus harrisii 1.2 1.4 2.1 1.3 1.0 1.8 1.0
Eurypanopeus depressus 0.3 1.6 0.2
Menidia spp. 1.7 1.9 0.7 0.4 1.6 1.4
Anchoa spp. 1.7 1.2 1.4 1.7 0.8 2.0 1.0
Apeletes quadracus 2.3 0.5 0.4 1.3 1.0 0.6
Ammodytes americanus 12.1 : 0.1 2.8
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" Table 6. Continued

% v \ # Fish
N _
Forage \ o 3 el 8 e g1 8 o
. T 9} o U4 o o @ B & — e}
Species N = A ST il B S =T - I g
AT ' AN — Rl EHO (=20 8 [0 | ;. A =
. \\ . . ! . : i
s 58 1 430 :208 |287 1239 1118 :193 694 ‘210 163
Brevoortia tyrannus : 1.0 1.3 0.6 0.5
Bairdiella chrysura 0.2 ' : 0.5
Cynoscion regalis .. 1.7 0.2 0.5 0.3 0.5
Leiostomus zanthurus 0.5 0.5 0.4
Fundulus spp. _ 0.2 2.9 0.3 2.1 1.3 1.4 0.6
Gobiosoma bosci : 0.5 1.4 0.4 1.0 0.1 1.0 1
Pseudopleuronectes - 0.2 0.1
americanus ) :
Syngnathus fuscus 0.2 . 0.3 o 0.2
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Table 7., Rank in Importance of Food Items in Tidal Pool'(SS)"'

Content Item . - : % Importanée* .% Occurrence ' %%%
Dinoflagelates ' 33.1 ‘ 59.9
Algae othér than diatoms or  . |
~dinoflagellates : 29.7 - 55.1
Chironimidae larva : : 11.0 | 22.0
Harpacticoid copepods 5.9 : 27.i
Diatoms o o :, 4,2 78.0
umCopepodanondescript ‘~ 3.4 559
Gammarus mﬁcronatus o 3.4 4.2
Fibrous plant remains 2.5 13.6
Gammarus sp. remains - 1.7 ' 6.8
Cladoccera 1.7 _ 1.7
Calanoid copepods - 0.8 ‘ 7.6
Adult insect remains 0.8 3.4
Copepodvnauplii ' ‘ 0.8 : | 3.4
Polychgete remains ' » 0.8 1.7
Ostracoda : —_ 5.9
Nematodes - V 5.1 -
Hydroid remains . - : 4.2
Cycloid scales _ | | -~ _ 3.4
Chironimidae pupa ' - : 1.7 _
Gastropod larva ‘ — _ . 0.8

RANK OF FOOD GROUPS BY IMPORTANCE

All algae 67.0 %
Insects 11.8

Copepods ' 10.9

Amphipods . : 5.1 » »
Detritus : _ 2.5 v %
* % of sample in which this item was qualitatively determined to

contribute the highest volume proportion in the stomach contents.
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Table 8. Stomach Content Analysis for Tide Pool Fishes by Season - All
Species Combined

Seasons Summer Fall Winter " Spring Total
Sample Size 46 29 30 ‘13 118
Content Item K0% ZT*Z0 %I %0 21 %0 %1 Z0 ZI
= Algae except diatoms ' ' '
= & dinoflagellates 10.9 2.2 82.8 65.5 80.0 33.3 92.3 38.5 55.1 29.7
‘Dinoflagellates 82.6 73.9 31.0 10.3 26.7 3.3 84.6 7.7 55.9 33.1
Diatoms | 45.7 93.1 6.9 63.3 10.0 84.6 ___ 78.0 4.2
Chironimidae larva 26.1 13.0 10.3 6.9 23.3 13.3 30.8 7.7 22.0 11.0
Fibrous plant ’ _ . :
remains 6.5 2.2 24,1 6.9 46,2 13.6 2.5
Cladocera 4.3 4.3 : 1.7 1.7
Copepoda- .
nondescript - 6.9 3.4 10,0 6.7 15.4 7.7 5.9 3.4
Gammarid remains 6.5 2.2 3.4 13.3 3.3 6.8 1.7
Harpacticoid : ’
copepods ' 28.3 17.2 ' 33.3 20.0 30.8 7.7 27.1 5.9
Gastropod larva 3.4 " ‘ 0.8
Calanoid copepods 8.7 3.4 3.3 30.8 7.7 7.6 0.8
Cycloid scales 4.3 ‘ 6.9 ' 3.4
Chironimidae pupa 6.9 1.7
Ostracoda 15.2 | 5.9
Adult insect remains 8.7 2.2 3.4 0.8
Nematodes 6.5 6.9 7.7 5.1
Gammarus mucronatus - . ' 6.7 6.7 23.1 15.4 4.2 3.4
Hydroid remains. v 23.1 4,2
Polycheate remains ‘ S : 1.7 0.8
% Copepod nauplii - ' 30.8 7.7 3.4 0.8
‘ 99.8
% *%*Percent importance. See Tabie 7. v
* 7 of sample in which this item was qualitatively determined to-
}contributg the highest volume proportion in the stomach contents.
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-_TaEle 9. Diet Diversity'Baséd'on Numbers of Prey Organisms Consumed

. Weakfish : 11-17

_130-

(N10)
- Minimum : Diet
: Size Number of Total Number Diversity D.D.
Species Range (cm) Prey Species of Individuals Index Rank
Black seabass 6-21 20 83 1.052 1
Tautog . 6-16 15 137 0.996 2
Winter flounder - 12-21 21 472 - 0.974 3
Mummichog - 3-11- 12 34 0.960 4
Oyster toadfish 18-28 16 77 0.941 5
Americaneel 11-61 11 27 0.931 6
Winter flounder 3-11 21 206 0.907 7
Oyster toadfish 4-13 10 46 0.902 8
Winter flounder 22-33 33 899 0.775 9
‘Bluefish 11-20 7 22 0.756 - 10
Summer flounder 26-65 13 101 0.749 11
"Spotted hake 5-19 12 84 0.742 12
Striped killifish = 4-13 13 115 0.725 S 13-
White perch 14-26 18 1,109 0.718 14
Atlantic needlefish 5-16 8 155 0.674 . 15
Smooth dogfish 39-56 6 27 0.638 16
Spot - 11-19 24 1,278 0.632 17
Northern pipefish  9-21 13 239 0.601 - 18
Atlantic silver-
sides 3-13 11 313 0.571 19
Silver perch 3-12 11 152 0.545 20
Bluefish 21-36 4 16 0.528 21
Striped bass 43-58 6 83 0.495 22
Bluefish " 6-10 10 434 0.452 23
Fourspine . , - .
~ stickleback 4 2-6 9 142 0.428 - 24
" Banded killifish 3-10 7 81 0.389 25
Summer flounder 6-24 11 692 0.372 26
White perch 7-12 9 1,167 0.370 27
‘Weakfish , 5-10 11 317 0.267 28
Spot 3-10 9 1,869 0.263 29
~ Bay anchovy 5-11 10 1,399 0.191 30
Tidewater silver-
sides 4-9 7 2,087 0.136 31
Blueback herrin 7-15 .9 11,516 0.121 32
5 680

0.091 33
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—:Taﬁle 10. Fish forage taxa of greater importance in the Little Egg Harbor

Estuary

Forage taxon

High importance in the diet of:

Plant material: Algae and plant -
detritus

Gastropoda -

Mercenaria mercenaria (siphons)

Phyllo&ociage

Nereis s E.Lh

Capitellidae
Terebellidae
Insecta

Calanoida

Harpacticoida

V Cyathura polita

Idotea s P.

Ampelisca abdita

' Cymadusa compta

Corophiidae

Gammarus mucronatus

Elasmopus leavis

Leptocheirus plumulosus

Menhaden, mullet, filefish, sheeps-
head minnow, mummichog

permit, northérn puffer
winter flounder
naked goby

oyster toadfish, pumpkinseed, bluefiéh,
winter flounder

naked goby, winter flounder

winter flounder

Atlantic needlefish

alewife, American sandlance, bay
anchovy, blueback herring,
stickleback

spot

banded killifish

oyster toadfish, striped killifish,
tautog, grey snapper

Atlantic silversides, cunner, winter
flounder : '

seahorse, pipefish
filefish, white perch
rainwater'killifish
cunner, naked gbby

banded killifish, blueback_herrihg,
white perch '

-131~

T I T T TR T T T T T T

DR 4 bl b o art s uik Gbnan ikl A




Iable 10 (continued)

Forage taxon

High importance in the diet of:

Neomysis - americana

Palaemonetes Vvulgaris

Crangon septemspinosa

Callinectes sapidus

Neopanope texanna

Rhithropanopeus harrisii

fish eggs
silversides

anchovies
stickleback
American sandlande
Atlantic menhaden
spot

killifish

alewife, Atlantic silversides, bay
anchovy, crevalle jack, stickleback,
pipefish, silver perch, searobin,
summer flounder, white perch, weakfish

alewife, bluefish, pinfish, silver
perch, spotted hake, winter flounder

- kingfish, searobin, pinfish, red hake,

silver perch, spotted hake, summer
flounder, white perch, weakfish,
windowpane

American eel, smooth dogfish, striped
burrfish

tautog

oyster toadfish

Atlantic silversides, striped killifish,
white perch

Atlantic needlefish, bluefish, mnorthern
sennet

crevalle jack, weakfish
Atlantic needlefish
striped bass

bluefish'

oyster toadfish

bluefish, white perch
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APPENDIX I

of the forage base in Little Egg Harbor

Allocation
Definition:

Sample size: The number of consumer stomachs examined which
contained food. TFish with empty stomachs were
excluded from the analyses. -

% Volume:- 0f the total volume of material recovered from
- the sample of consumer stomachs; the percent
o . composed of the given forage item.
Percent of the consumer stomachs which contained

the given forage item.

The average volume of the forage item recovered
from the stomachs of the consumer species.

% Occurrence:

ml x 107%/fish:
The average number of the given forage organisms
recovered from the stomachs of the consumer species

ind/fish:
P.I. Rank: ‘An estimate of the relative predation impact‘which~
the consumer species had upon the population of the
P.I. was determined by multiplying

forage taxon.
ind/fish by the proportion of the consumer species
(see text) o

in fish population surveys.

Abbreviation LT.L: Less than 0.17%.

hb
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APPENDIX II

Stomach analyses data for fish species collected in Little Egg Harbor
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