
11.9° to 20.9° C for exposure times of 5, 30, and 60
min. The lowest tJ.T at which 100% mortality was
observed was 15.8° C. This occurred in larvae
exposed 30 and 60 min. In the case of the 5 min
exposure, some larvae survived up to a 19.4° C tJ.T
before experiencing 100% mortality. There was a
high background mortality in these experiments
which was probably due to stress resulting from
the immediate transfer of larvae to seawater 1 d
prior to treatment. This was not an unnatural
stress, however, since in nature the larvae are
immediately washed from the brook into the es
tuary, < 50 m away, once they hatch from the adhe
sive eggs.

Discussion

The larvae of all three species appear to be able
to survive tJ.T's of short duration which are near
the upper limits of cooling systems in most nor
mally operating nuclear power plants (18.6° C,
Schubel et al. 1978). Our results show that the
Atlantic herring larvae are much more tolerant to
brief « 60 min) increased temperature exposures
than to the longer term exposure (24 h) reported
by Blaxter (1960). It should be noted that Atlantic
herring larvae are usually older and developed
beyond the yolk-sac stage when they arrive at the
inshore nursery areas from the spawning grounds
and the results of these experiments should be
considered in light of that fact. Smooth flounders,
on the other hand, spawn in the estuaries and
inshore areas of the Gulf of Maine and the larvae
are susceptible to entrainment by power plants at
an early age. 1 These larvae have a greater thermal
tolerance than Atlantic herring and appear to be
able to survive tJ.T's in excess of those normally
encountered during entrainment. Rainbow smelt
larvae differ from both the Atlantic herring and
smooth flounder. Rainbow smelt normally spawn
in freshwater brooks during April and May in
coastal Maine and almost immediately upon
hatching the larvae are swept downstream into
saltwater where they experience a sudden in
crease in salinity. The rainbow smelt larvae which
we tested in brook water showed thermal toler
ances very similar to smooth flounder larvae but

'Lindsay, P.,S. L. Barker, andJ. R. Stewart. 1978. Section 4.
Monitoring of the effects of the condenser cooling water system
on plankton and larval organisms. In Final report, environ
mental surveillance and studies at the Maine Yankee Nuclear
Generating Station, 1969-1977, p. 4.1-4.1.135. Maine Yankee
Atomic Power Company, Augusta, Maine.
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those tested in seawater showed the lowest tem
perature tolerance of all the experiments. It
appears, then, that if rainbow smelt larvae are
entrained at this time the effects of increased sa
linity might act synergistically with the tempera
ture increase to produce a lethal stress.
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FOOD OF 10 SPECIES OF NORTHWEST

ATLANTIC JUVENILE GROUNDFISH

The food of fishes in the northwest Atlantic has
been studied over many years. Verrill (1871) was
one of the first investigators to document the food
of marine fish. Recent investigations have identi
fied the food ofcommercially important fish or fish
currently composing a large portion of the fish
biomass in the northwest Atlantic (Edwards and
Bowman 1979; Langton and Bowman 1980), but
still little is known about the diet of juvenile
groundfish.

Most groundfish larvae are wholly planktonic
until they either become demersal or grow large
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FIGURE I.-Geographic areas of the northwest Atlantic, where
the feeding habits ofjuvenile fish were studied. Fish were caught
during bottom trawl surveys conducted from 1953 through 1976.

fied to the lowest taxonomic grouping possible,
damp dried on absorbent paper, and immediately
weighed to the nearest 0.001 g. Well-digested prey
which were only identified within major prey
categories (Le., Crustacea and Pisces) or species
within a major prey category which amounted to
<0.1% of the diet of all predators are listed as
"Other" in Table 1. Organisms of little apparent
dietary significance and not belonging to any of
the major prey categories listed make up the
values calculated for the "Miscellaneous"
category.

~ ~

~#
I ~'"I'
If, , , I »

{ -~,...,',.
\ ,. i
_.I /"

/,.

~.

190

"bo

enough and active enough to live independently of
the currents (Graham 1956). This change in life
style usually occurs during their first year of life
and is reflected in their diet because they change
from feeding mainly on plankton to benthic organ
isms (Nikolsky 1963). This paper identifies the
types of food eaten by several species of juvenile
groundfish, and further examines their change in
diet with fish length.

Methods

Stomachs were collected from juvenile fish
caught during annual spring and fall groundfish
surveys conducted by the National Marine Fish
eries Service (NMFS). A scheme of stratified
random sampling was conducted within the five
geographic areas of the northwest Atlantic (Fig
ure 1). All bottom trawl tows were 30 min in
duration and fishing continued over 24 hid. (Fur
ther details of the bottom trawl survey techniques
may be obtained from the Resource Surveys Inves
tigation, Northeast Fisheries Center Woods Hole
Laboratory, NMFS, NOAA, Woods Hole, MA
02543.) The feeding data for all species except
haddock are based on collections made from 1969
through 1972; juvenile haddock were collected
from 1953 to 1976, inclusive. The species collected
were: Atlantic cod, Gadus morhua; haddock, Mel
anogrammus aeglefinus; silver hake, Merluccius
bilinearis; pollock, Pollachius virens; red hake,
Urophycis chuss; white hake, U. tenuis; spotted
hake, U. regius; fourbeard rockling, Enchelyopus
cimbrius; American plaice, Hippoglossoides pla
tessoides; and yellowtail flounder, Limanda fer
ruginea. All ofthese species reach maturity when
2 or 3 yr old. This paper deals only with fish
approximately 1 yr old or younger. The length,
fork length (FL) when applicable, otherwise total
length (TL) , attained by each species when ap
proximately 1yr old is given at the bottom ofTable
1 as the maximum length in each length range.
Fish were either saved whole or their stomachs
were excised aboard ship, labeled, and indi
vidually wrapped in gauze. All samples were pre
served in 3.7% formaldehyde. The stomach con
tents of 3,065 fish, from 10 species, were analyzed.
In the laboratory the individual stomachs were
opened and their contents emptied onto a screen
sieve with mesh openings of 0.18 mm. The con
tents were washed and then transferred into a
dish from which the various prey items were
manually sorted and counted. Prey were identi-
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TABLE I.-Summary of the stomach contents ofjuvenile groundfish from the northwestern Atlantic, expressed as a percentage of total
food weight, for fish collected between the yearsof1953 through 1976. Subtotals are italicized and a "+" indicates present in the diet but
<0.1%. Dietary differences related to predator length are given in the text

Atlantic Silver Red White Spotted Fourbeard American Yellowtail
Stomach contents cod Haddock hake Pollock hake hake hake rockling plaice flounder

Polychaeta 0.4 13.6 0.3 0.7 2.4 2.9 72.1 3.0
Crustacea 81.6 62.3 89.0 68.2 90.1 94.9 85.9 33.3 21.1 94.4

Amphipoda 22.5 27.6 6.6 1.5 19.4 15.4 77.1 33.3 17.3 38.8
Decapoda 11.2 11.5 30.4 0.3 41.6 58.2 + + 3.7
Isopoda 0.7 + 1.2 0.1 1.0
Cumacea 0.2 0.7 0.1 0.5 + 10.2
Euphausiacea 18.0 13.0 44.4 55.8 6.4
Mysidacea 12.9 1.5 2.6 3.6 3.8 33.4
Copepoda 4.8 0.6 0.1 0.2 1.3 7.0 + +
Other Crustacea 12.0 6.7 4.8 9.2 17.2 21.3 1.8 + + 7.3

Mollusca 0.1 0.1 + 0.2 +
Chaetognatha + 0.2 0.8 0.3 +
Echinodermata 1.2 +

Echinoidea 0.1
Ophiuroidea 1.1 +

Pisces 16.0 5.0 8.5 + 1.9
Ammodytes americanus 3.0
Merluccius bllinearis 2.2
Gadidae 2.1
Cottidae 2.3
Other Pisces 16.0 2.8 1.1 + 1.9

Miscellaneous 0.1 0.6 0.7 5.8 0.2 0.1 + + 0.2
Unidentified 1.6 15.5 0.7 24.9 4.9 1.3 14.1 66.7 3.9 2.0
Sand 0.2 1.5 + 0.4 + 0.8 2.9 0.4

Number examined 107 2,159 440 22 229 23 16 3 10 56
Number empty 21 144 74 1 6 1 6 2 5 3
Mean weight per stomach (g) 0.064 0.107 0.086 0.271 0.061 0.085 0.038 0.020 0.010 0.043
Mean fish length (em) 7 FL 13 FL 9 FL 17 FL 7 TL 9TL 6 TL 8 TL 5TL 7 TL
Length range (em) 3·19FL 2·20 FL 3·20 FL 4·20 FL 2·20 TL 5-20 TL 4·10 TL 6-9TL 4·7TL 4·9TL

The stomach content data are summarized on a
weight basis as the percentage weight each prey
categDry made up of the total stomach contents
weight for each of the 10 predators. Empty stom
achs were included in the calculation of the mean
weight per stomach for each species. In the text,
the percentage weight is included in parentheses
after the first mention of a particular prey to
quantify the importance of that prey in the diet.
Also included in the text, for each species offish, is
a two-part evaluation of the food based on fish
length (given only for predators for which suffi
cient food data were available). This evaluation
was made to determine the smallest fish collected
ofeach species, which exhibited signs offeeding on
the bottom, and also to discern, based on the
available data, at what fish length the food was
made up predominantly ofprey usually associated
with the bottom.

The nomenclatural distinctions categorizing
prey species as either planktonic or benthic were
taken from Gosner (1971). Planktonic organisms
include the euphausiids and calanoid copepods.
Benthic forms are typically noted as including
most ofthe polychaetes, amphipods, and decapods.
The distinction of these two generalized prey
groupings, and what percentage they make up of
the diet with fish length, indicates the fish's
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degree of association with the bottom when feed
ing. For the purpose of this paper it is assumed
that when a fish's diet changes from primarily
planktonic organisms to 50% or more benthic
organisms (occurring when the fish has grown to
within some specified length range), the fish can
appropriately be referred to as "demersal." Before
this change in diet occurs the fish are only loosely
associated with the bottom and are therefore more
likely to move off bottom in search of food.

Results

Table 1 summarizes the stomach contents of 10
species ofjuvenile groundfish collected during the
years from 1953 through 1976. Only small num
bers of such species as fourbeard rockling and
spotted hake were available for stomach content
analyses. Since little is known about their diets
the data were included.

Atlantic Cod

Crustacea represented the largest portion ofthe
diet of juvenile Atlantic cod (81.6%). Amphipods
were the largest contributor to the crustacean
prey (22.5%) and those identified were Gammar
idae (6.5%) and Caprellidae (12.9%). Euphau-



siacea (mostly Meganyctiphanes norvegica) made
up 18.0% of the stomach contents. The Mysidacea
(12.9%) were primarily Neomysis americana
(3.7%), and the Decapoda (11.2%) consisted
mainly of Crangon septemspinosa (2.8%). Cope
poda (4.8%) and Cumacea (0.2%) made up the rest
of the crustacean portion of the Atlantic cod diet.
None of the species offish were identified (16.0%).
The remaining prey were the Polychaeta (0.4%),
Mollusca (0.1%), and Chaetognatha (+).

The predominant food of Atlantic cod 9 cm FL
and longer was benthic organisms such as Gam
maridae, Caprellidae, and Cumacea, which made
up more than 50% of the diet. Plankton (i.e.,
copepods and euphausiids), the main food found in
the stomachs of cod <9 cm FL, made up a progres
sively smaller percentage of the diet as the size of
the fish increased. Small quantities of sand and
gammarid amphipods were found in the stomachs
of the smallest fish collected (3 cm FL).

Haddock

Small crustaceans accounted for 62.3% of the
haddock diet. Amphipod crustaceans were the
single most important food (27.6%). Corophiidae
(primarily Unciola sp.) were by far the most
common amphipod identified in the stomach con
tents (5.0%). Other amphipod groups frequently
found as prey were, in order ofdietary importance,
Caprellidae (mainly Aeginina longicornis) , Am
peliscidae, Aoridae, Hyperiidae, Gammaridae,
and Pontogeneiidae. The Euphausiacea (chiefly
Meganyctiphanes norvegica) accounted for 13.00/0
ofthejuvenile haddock diet. Crangon septemspin
osa (2.6%) made up the largest part of the decapod
prey. Crustaceans of lesser dietary importance to
haddock were the Mysidacea (1.5%), Isopoda
(0.7%), Cumacea (0.7%), and Copepoda (0.6%).

The largest contributor to the identified poly
chaete prey (13.6%) was nereidiform worms (al
most 5l7C), with Eunice sp. being the most common
nereidiform found in the stomach contents (1.0%).
Other polychaete groups identified in the stomach
contents included the suborders Spioniformia,
Scoleciformia, Capitelliformia, Terebelliformia,
and Sabelliformia.

Fish made up 5.0% of the diet, with silver hake
composing almost half (2.2%) of this prey group.
Small quantities (+) of Atlantic herring, Clupea
h. harengus, and Bothidae were the only other fish
identified. Echinodermata (1.2%), Chaetognatha

(0.2%), and Mollusca (0.1%) were of little impor
tance in the diet of juvenile haddock.

Haddock approximately 8 cm FL and longer fed
heavily on the benthos (i.e., amphipods, decapods,
and polychaetes). Pelagic organisms such as cope
pods and euphausiids were the predominant food
of fish <8 cm FL. Benthic amphipods and cuma
ceaBS were found in the diet of haddock 2 cm FL.

Silver Hake

Silver hake preyed heavily on Crustacea
(89.0%). Euphausiids were the single most impor
tant food (44.4%). Meganyctiphanes norvegica
(22.8%) and Thysanoessa sp. (2.0%) were the
common euphausiids identified in the stomach
contents. Decapods (30.4%) included Crangon sep
temspinosa (21.5%) and pandalid shrimp (7.9%).
Most of the pandalid shrimp were identified as
Dichelopandalus leptocerus (3.8%). Amphipod
prey (6.6%) came mostly from the families Am
peliscidae (1.90/0) such as Ampelisca sp. (0.4%), or
Tironidae (0.6%) which were identified as Syrrhoe
crenulata (0.6%). Mysids (2.6%) taken by silver
hake were all identified as Neomysis americana
(2.0%). Cumaceans (0.1%), copppods (0.1%), and
isopods (+) contributed little to the silver hake
diet.

Small fish and fish larvae composed 8.5% of the
silver hake food. The American sand lance, Am
modytes americanus (3.0%); sculpins (2.3%); and
hakes (2.1%) were the only fish identified in the
diet. Chaetognatha (0.8%), Polychaeta (0.3%), and
Mollusca (+) were not important contributors to
the food of juvenile silver hake.

Crangon septemspinosa and bottom living am
phipods were found in the stomachs ofthe smallest
(3 cm FL) silver hake collected. However, the
benthos did not increase in importance in the diet
of the larger silver hake. The primary prey of all
silver hake collected (3-20 cm FL) was the
euphausiid, Meganyctiphanes norvegica.

Pollock

Crustaceans (68.2%) were the most important
food of pollock. Euphausiacea, primarily
Meganyctiphanes norvegica (40.9%) and small
quantities of Thysanoessa inermis (2.3%), made
up 55.8% ofthe crustaceans found in the stomachs.
Byblis serrata (1.3%), along with small amounts of
Caprellidae and Haustoriidae, accounted for the
majority of the amphipod prey (1.5%). Decapod
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larvae (0.3%), isopods (1.2%), and calanoid cope
pods (0.2%) made up the remainder ofthe crusta
cean prey. Items of little dietary importance to
pollock were polychaetes (0.7%) and fish (+).

Only one small pollock (4 em FL) was collected
for stomach content analysis. The remainder of
the fish ranged from 15 to 20 cm FL. Since only
unidentified crustaceans were found in the stom
ach of the 4 cm fish, no data are available to
discern at what length they first feed on the
benthos.

Red Hake

Crustaceans (90.1%) accounted for most of the
diet of red hake. The single most important
crustacean prey was the decapod shrimp Crangon
septemspinosa (40.6%). Pagurus sp. (0.4%) and
Hyas sp. (0.1%) were the only other decapods
identified in the stomach contents. Amphipod
prey (19.4%) included Oedicerotidae (5.9%), Coro
phiidae (2.3%) [mainly Unciola sp. (1.9%)], and a
large percentage of unidentified Gammaridea
(7.1%). Euphausiids (6.4%), primarily
Meganyctiphanes norvegica (1.6%), and mysids
(3.6%) were the only other crustacean prey of
importance to red hake. Only small quantities of
copepods (1.3%), cumaceans (0.5%), and isopods
(0.1%) were found in the stomach contents. Poly
chaeta (2.4%), Pisces (1.9%), Chaetognatha
(0.3%), Mollusca (0.2%), and Echinodermata (+)

contributed little to the food of red hake.
Red hake 6 em TL fed predominantly on benthic

foods such as Gammaridae, C. septemspinosa, and
Cumacea. The food of fish <6 cm TL was mostly
copepods and chaetognaths. Crangon septem
spinosa, amphipods, and sand were found in the
stomachs of red hake 3 cm TL.

White Hake

White hake preyed almost exclusively on crus
taceans (94.9%). Crangon septemspinosa (57.9%)
was of major dietary importance. Hermit crabs
(0.3%) were the only other decapod eaten. Amphi
pods (15.4%) included Corphiidae (Leptocheirus
pinguis) (4.6%), Aoridae (2.0%), Hyperiidae
(0.5%), Pontogeneiidae (0.4%), Ampeliscidae
(0.3%), and Caprellidae (0.2%). Polychaete worms
made up 2.9% of the diet.

The stomachs of the smallest white hake col
lected (5 cm TL) contained sand and bottom living
animals such as gammarid amphipods. Plank-
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tonic organisms were not found in any of the
stomachs.

Spotted Hake

The most important prey of spotted hake were
Crustacea (85.9%). Amphipods (all identified as
Gammaridea) composed 77.1% of this juvenile
fish's diet. Other crustacean groups were calanoid
copepods (7.0%), small amounts of Crangon sep
temspinosa (+), and hermit crabs (+). The only
other prey identified as part of the spotted hake
diet was the Chaetognatha (+).

Although only 16 spotted hake were collected,
the stomach content data showed that small
quantities ofhermit crabs (+) were eaten by a fish
of only 4 cm TL (l of 3 fish). Calanoid copepods
made up the rest of the stomach contents of the 4
cm fish and were found in all three stomachs. At 5
cm TL (seven fish) spotted hake were eating
bottom living organisms such as gammarid am
phipods and Crangon septemspinosa (ap
proximately 50% oftheir diet).

Fourbeard Rockling

Only one fourbeard rockling stomach contained
food (two of the three stomachs collected were
empty). Gammarid amphipods (33.3%) and small
quantities of hermit crabs (+) were the only
dietary items identified. The fish whose stomach
contained food was 9 cm TL.

American Plaice

Polychaeta (72.1%) was the primary prey ofthe
five specimens of American plaice which con
tained food (10 fish were collected in total). Only
two families of polychaetes were identified, Cap
itellidae (10.6%) and Sabellidae (2.90/0).

Crustacea (21.1%) and Mollusca (+) made up the
remainder of the prey identified in American
plaice stomachs. The crustacean dietary
components were gammarid amphipods (17.3%),
mysids (3.8%), small amounts of copepods [iden
tified as Centropages sp. (+) ], cumaceans (+), and
hermit crabs (+). The molluscan (+) portion of the
diet was identified as Dentalidae.

Worms (Sabellidae) and other benthic organ
isms, such as cumaceans and dentalids, made up
most of the diet of the smallest American plaice
collected (4 cm TL).



Yellowtail Flounder

Crustacea was the predominant prey ofjuvenile
yellowtail flounder (94.4%). Amphipods (38.8%)
were represented by the families Gammaridae
(5.2%), Caprellidae (0.5%), Aoridae (+), Ampelis
cidae (+), and Oedicerotidae (+). The Mysidacea
(33.4%) were mostly Erythrops sp. (9.9%). Cuma
ceans (10.2%), decapods (composed of Crangon
septemspinosa, 3.4%, and hermit crabs, 0.3%),
isopods (1.0%), and copepods (+) made up the rest
of the crustacean prey. Polychaeta (3.0%) was the
only other dietary item noted in yellowtail
flounder stomachs. They consisted mainly of
Nerediformia (2.1%); most of which were iden
tified as Phyllodoce sp. (0.9%).

The smallest yellowtail flounder collected (3 cm
TL) ate organisms such as gammarid amphipods,
cumaceans, and hermit crabs.

Discussion

A number of investigators have described the
foods of juvenile groundfish. Although many of
their studies were not conducted on the same
species of fish or in the same geographic area as
the present research, they provide evidence that
the food of many juvenile fish species is similar.
Arntz (1974), for example, studied the feeding of
juvenile cod >11 cm FL in the western Baltic. His
work showed that juvenile cod feed mostly on
small bottom living crustaceans. Daan's (1973)
results from studies on cod >8 cm FL in the North
Sea also indicate that juvenile cod feed predom
inantly on small benthic organisms. Homans and
Needler (1944) and Wigley (1956) included data
on the food ofjuvenile haddock in their investiga
tions. They found that small haddock generally
eat crustaceans associated with the bottom, and
polychaete worms. The diet of several juvenile
flatfish species found in the North Sea consists
mainly of small benthic crustaceans and poly
chaete worms (Braber and DeGroot 1973). The
food of 33 juvenile demersal fish species collected
in Long Island Sound, N.Y., was identified by
Richards (1963); her data showed that when most
inshore fishes are 1 yr old, they feed predom
inantly on the benthos.

Studies conducted on larval fish indicate that
most groundfish species undergo several pelagic
stages, and during these stages they feed predom
inantly on planktonic organisms (Rae 1953;
Marak 1960, 1974; Laurence 1974, 1977; Last

1978). During their first year oflife the majority of
groundfish take up a bottom living habit and feed
primarily on the benthos (Graham 1956). Assum
ing that the type offood found in a fish's stomach is
indicative of its life stage, then the diet can give
some approximation of a fish's age (length) when
it makes the transition from pelagic to demersal
living. Fish such as cod, for example, have been
described as "seeking the bottom" when just over 2
cm FL (Hardy 1959) and stomachs from Atlantic
cod 3 cm FL examined during this study contained
small amounts of sand and benthic gammarid
amphipods. Most of their food, however, was
identified as copepods and euphausiids, indicating
that the transition from feeding on principally
plankton to other foods is a gradual change rather
than an abrupt one.

The transition from pelagic to demersal habits
of other gadoid fishes is apparently similar to that
ofcod. Haddock >8 cm FL tend to eat fewer pelagic
organisms and prey more heavily on the benthos,
but the stomachs ofthe smallest haddock collected
(2 cm FL) contained some benthic animals, sug
gesting a slow change from a pelagic to demersal
life. The same trend was noted for red hake, white
hake, and spotted hake. The smallest fish col
lected had eaten small quantities of benthic or
ganisms, but their primary food was copepods,
euphausiids, and chaetognaths. The larger fish
(>5 cm TL) fed mostly on bottom living organisms.
Silver hake and pollock were rather unusual in
that all the fish collected had consumed large
quantities of euphausiids. They are less depen
dent on the benthos as a food even as adults than
most other gadoids (Langton and Bowman 1980).
Because of this it is difficult to distinguish, based
on their diet, when they become demersal.

Only the two flatfish, American plaice and
yellowtail flounder, where dependent on the ben
thos as a food source at the smallest fish lengths
collected (3-4 cm TL). Since plaice and other
flatfish metamorphose early in life (most have
completed metamorphosis by 11 wk of age when
they are between 1 and 2 cm TL) they take up life
on the bottom at very small sizes (Hardy 1959).
Winter flounder, Pseudopleuronectes americanus,
was studied by Pearcy (1962), and it serves as a
typical example of how the feeding habits of the
flatfish change with age. He noted that the pre
dominant food of metamorphosing larvae and
juvenile winter flounder up to 1 cm TL is copepods;
when the juveniles range in length from 1 to 2.5
cm TL, amphipods and polychaetes are their most
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important food. Polychaetes become increasingly
important in the diet of older winter flounder, thus
indicating a strong association with the bottom.

Overall, the analysis of the stomach contents
reported on here indicates that relatively few prey
species make up a large portion of the food of
juvenile fish. Before groundfish begin to depend on
the benthos as a food source, calanoid copepods and
euphausiids (mostly Meganyctiphanes norvegica)
are extremely important foods. The diet of most
species of larger juvenile fish, which depend
primarily on benthic animals as food, includes
gammarid amphipods such as Unciola sp. and
Byblis serrata, along with the caprellid amphipod
Aeginina longicornis. Decapods found in the diet
were represented by Crangon septemspinosa more
than any other species. The only other prey
which stands out as important in the diet of the
juvenile fish reported on here was the mysid
Neomysis americana.
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