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ABSTRACT 

Otter trawl hauls for demersal :fish were made between June 1955 and July 1957 
in Long Island Sound at St. r on a sand and shell bottom at a depth of 9 m, and at St. 3A 
on a mud bottom at a depth of 17 m. The tows between July 17, 1956, and July 23, 1957 
have been analysed quantitatively. 

The standing crop of demersal :fish was 0.60 g/m> at St. 1, I.I g/m2 at St. 3A, and 
0.76 g/m• for the two stations combined. The ten commonest species constituted 93°/0 of 
the total standing crop; one species, Pseudopleuronectes americanus, accounted for 67°/0• 

On each of 19 separate days two consecutive tows were made at St. r, one in an 
easterly direction and one in a westerly direction over the same ground. The analysis of 
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variance was applied to the total catch by number, the total number of species, and the total
number of individuals within each species. Such large variations in total catch occurred within those taken in a westerly direction that no statistically significant differences in 
total catch or in total number of species occurred between the two groups of tows. However 
the number of individuals of each species was statistically significantly different between each 
group of tows. Similar analyses of a group of 20 hauls from St. 1 and a group of 20
hauls from St. 3A taken on the same dates gave similar results. The varying number of 
individuals within each species masked any seasonal trends and locality differences which 
may have been present. In addition, an analysis using indices of diversity and heterogeneity,
as outlined by Margalef (1958), showed that within each locality the fish communities were 
as heterogeneous as the combined community from both localities.

Throughout the year, a total of 37 different species was taken-36 of these at St. 1 and
25 at St. 3A. Analysis showed a seasonal pattern of abundance in which the total weight 
of the catch, but not the total number of individuals, varied proportionally with the quantity 
of P. americanus caught. In general, the abundance of fish, both adults and juveniles, was 
less in summer than at other times of year. An increase in abundance in the fall, mostly 
due to the influx of juveniles, was followed by a decrease early in the winter. In late winter 
an increase in abundance of sublittoral and diadromous species was accompanied by a de
crease of adult P. americanus. An increase in the abundance of many species took place 
throughout the spring.

The species taken are divisible into two groups-residents and migrants. The chief 
residents are P. americanus, Scophthalmus aquosus, and Merluccius bilinearis, the most common 
migrant Stenotomus chrysops. JY[ore sublittoral residents, such as Ammodytes americanus, and 
juvenile migrants were taken from the sand-shell bottom of St. 1 than from the mud bottom 
at St. 3 A. Pertinent information concerning the movements of several common species at 
Sts. 1 and 3 A and elsewhere in the Sound is included.

Attempts to define the community structure, using MacArthur's (1957) hypothesis of
non-overlapping niches, indicate the presence of a composite community, controlled pri
marily by the movements of P. americanus and other abundant species. Possibly the demersal 
fish population of L.I.S. will have to be arranged in "groups" other than taxonomic groups 
before homogeneous community structures can be determined.

INTRODUCTION 

During the first few years of the Bingham Laboratory's study of Long 
Island Sound (hereafter L.I.S.), little emphasis was laid upon the demersal 
fish. This gap was partially filled when a fish sampling program was initiated 
in 1955. From data collected between June 1955 and July 1957, knowledge 
of the structure and role of the demersal fish population in the Sound has 
improved. A complete sampling of the fish population still has not been ac
complished, so that we can only estimate the order of magnitude of the standing 
crop of these organisms' in L. LS. We can, however, gain some idea of the 
structure of the fish community, the changes which take place throughout 
the year, the food eaten, and something of the relationship of one species with 
another. This paper is the first of a series which reports the progress of this 
work, primarily on juvenile fish of the o- to 2-year age groups. 

The samples discussed here were collected at two stations in the Sound 
about two miles apart. The first group is from St. I-a sand-shell bottom (sedi-
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ment analysis by Sanders, 1956), 9 m deep, I mile SE of Charles Island; the 
second from St. 3 A-a mud bottom, l 7 m deep, 3 miles SSE of Charles 
Island. 

MATERIALS AND METHODS 

Eighty-four half-hour hauls were made at the two stations from June 1955 
to July 1957, using various small-mesh trawls which varied from IO to 20 
feet in width at the mouth. Between July 17, 1956, and July 23, 1957, 41 
tows at St. I and 25 at St. 3 A were made nearly fortnightly with a single net 
which was a modified shrimp trawl built after a model described by Bullis 
(1951). This trawl had a 20' mouth, one-inch mesh (stretched), with a 1//' 

mesh liner for the cod end, and was rigged with 21/z' boards. It was towed 
at two knots from the SHANG WHEELER with half an hour elapsing between 
the time when the net struck bottom and the start of the hauling-in process. 

Generally two successive tows were taken at St. I in the morning: the 
first easterly toward New Haven Harbor; the second, when possible, westerly 
over the same area 1 • At St. 3A the tow was made in the afternoon, usually 
in a northeasterly direction; if time permitted the net was towed back again 
over the same ground toward the southeast. Occasionally fog or wind prevented 
the second tow at both stations from being made over exactly the same ground 
as the first. Without a recording fathometer the exact amount of departure 
from the path could not be ascertained, but further analysis showed that no 
significant differences arose due to this factor. Quantitative analysis of the 
population will be limited to those tows made from July 1956 through July 
1957 by the methods described above. 

Small adults and juveniles of all species that were caught were preserved at 
once. The fish were measured and weighed, and stomach contents were 
examined in the laboratory. Meristic counts, age analyses, etc., were made 
on species of particular interest. The larger fish were counted and measured 
on the boat, and occasionally scales were taken for age analysis; few stomachs 
of these fish were examined. A thorough study of the adult population would 
have required a larger boat capable of accommodating commercial-sized gear. 

ACKNOWLEDGMENTS 
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U.S. Fish and Wildlife Service Laboratory at Milford, Conn., R. Wade 
Covill, Peter J. Wangersky, and Theodore Napora. Special thanks go to the 
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1 On six occasions only one tow was made because of bad weather, lack of time, etc. 
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RESULTS 
Relative .Abundance and Standing Crop. A total of 3,949 individuals of 3?species, ranging in length from 19 to 4 7 o mm, was taken from July 1 7 

1956, to July 23, 1957, in 65 tows from Sts. I and 3A (Table I). The numbe; 
of fish caught per day ranged from 44 to 660, and the number of species 
from 2 to 2I. These fluctuations formed a vague pattern (see Fig. 1) which 
differed slightly at the two stations. On the whole the fluctuations in numbers 
were not due to fluctuations in the number of the most abundant species, 
Pseudopleuronectes americanus. Considering the data from both stations to
gether, few fish were taken in summer, a fact which is difficult to explain. A 
tremendous increase in number of juveniles occurred in September-October, 
followed by a decrease in number and variety in early and midwinter; an 
increase in number of inshore and diadromous species occurred in February 
and March, many of which were taken rather steadily throughout early spring 
along with the warm-water species which gradually returned at this time. 
Number and variety decreased again in early summer. 

TABLE I. COMPARISON OF THE ENVIRONMENTAL CHARACTERISTICS AND THE STAND
ING CROP OF DEMERSAL FISH AT STS. 1 AND 3A. 

Location ................... . 
Depth .................... . 
Bottom type .............. . 
Total area covered by net (m2) 

No. of tows vrr/5 6-vn/5 7 .. . 
No. of species ............. . 
No. of specimens .......... . 
No. of fish/m• ............. . 
Total weight (g) .......... . 
Standing crop (g/m2) ••••••• 
Size range (mm) .......... . 

10 commonest species: 
no./m• in °/0 • • • • • • • • • • • • •

g/m2 in °/o ............. . 

P. americanus: 

standing crop g/m• ...... . 
0/0 of total standing crop .. 

Standing crop of species taken 
throughout year ......... . 

t Tow No. II 8 excluded. 

Station 1 Station 3A 

1 mi SE Charles Is. 3 mi SSE Charles Is. 
9 m  1 7 m 

sand-shell 
2 65,000 

41 
3 6  
2,343 
0.009 

1 60,000 
0.60 

19-4 70 

89.8 
8 6.0 

0.40 
65.6 

0.45"' 

mud 
13 6,000 

24t 
25 
1, 60 6 
0.012 

144,000 
1.0 6 

22-335 

90.7 
9 7.0 

0.72 
6 7.3 

0.91"' 

Stations 1 & 3A 

401,000 
65 
3 7  
3,949 
0.010 

305,000 
0.7 6 

19-4 70 

90.0 
93.0 

0.50 
6 6.7 

0.60 

* St. I: S. aquosus, P. americanus; St. 3A: ]v[. bilinearis, S. aquosus, P. americanus. 
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In contrast to the above findings, the variation in weight of fish from both 
stations was somewhat proportional to the variation in total weight of P. ameri
canus. The importance of the winter flounder in the total weight of the catch 
is emphasized when it is realized that this species averaged 67 ° / o by weight 
of the total, but only 45°/o by number. A gradual increase in weight of total 
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Figure I. Catch by weight and number of all fish species and of the most abundant species, Pseudo

pleuronectes americanus, from Sts. I and 3A. 
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fish occurred throughout late summer and fall. Decrease in winter resulted 
from the absence of adult flounders, and their reappearance contributed to 
the gradual spring increase. The other large adult species which contributed 
most of the peaks of late fall and late spring were Raja erinacea and Tautoga 
onitis. 

As Fig. I shows, the fluctuations in number and weight of fish at St. I were 
greater than at St. 3 A. In spring and summer the difference between the 
stations was small, but in fall a greater number of smaller individuals was 
taken at St. I. As we have already noted from the statistical analysis, the 
greatest difference was apparent during winter months. Fish at St. 1, moving 
in and out of the shallower sand-shell area at a fairly rapid rate, varied in 
number, variety, and size far more than at St. 3 A. 

The approximate total weight of all fish netted at both stations was at 
least 3.0 x 105 g, composed of fish ranging in weight from 0.04 to 1,250 g. 
This total is low because weight measurements were unobtainable for a small 
proportion of the fish 2. From the boat's known speed of two knots, the fishing 
width of the net (approximately I 1.3 feet)3, and the length of time of the tow, 
it is possible to estimate that a tow covers 3,350 m2• Since 65 tows were made 
at both stations, we arrive at an average figure for the standing crop of bottom 
fish in L.I.S. of at least 0.76 g/m2 ; the ten commonest species constituted 
93°/o of the total. At St. I the standing crop was at least 0.60 g/m2 ; at 
St. 3A it was at least I.I g/m2• 

The average number of fish is o.010/m2 and the IO commonest species 
constituted 90 °/o of the total. At St. I there was 0.009 fish/m2, and at St. 3 A, 
0.012 fish/m2 (or about one fish/100 m2). Since the IO commonest species 
constituted almost the same percentage by number at St. 1 as at St. 3 A, although 
slightly smaller percentage by weight, the population at St. I obviously con
tained a larger proportion of the smaller fish. 

The average total standing crop is about I I 0/o of the standing crop of 
demersal fish in the English Channel, and less than 9 ° /o of the value for Block 
Island Sound. It is only 10 °/o of that found by Clark (1959) for the Highlands 
Ground, IO miles NE of Provincetown, Massachusetts in 56-62 fathoms. 
Possibly the catch of the 20-ft net used in L.I.S. should not be compared 
with that of a commercial-sized net (Bullis, personal communication, 1v-6-
55), but until figures from commercial operations in L.I.S. are available, 
the above must suffice. 

Statistical Analysis of the Catch. The catches from both stations were 
statistically analysed. Not only does such an analysis permit greater facility 
in handling the data from both sets of hauls from St. 1, so long as they do 
not differ significantly, but also it allows comparisons between Sts. I and 3A. 

z Some weights were also figured on the basis of length-weight relationships. 
3 Figured on the basis of 56 °/0 of the total width of the mouth (Merriman and Warfel, 1948). 



1963] Richards: The Demersal Fish Population of Long Island Sound I I 

Tows at St. I made in an easterly direction and those which were made 
shortly afterwards in a westerly direction were grouped separately. These 
pairs of tows are compared by total catch and by the total number of each 
species taken on each date. The first set of hauls from St. I is compared in 
the same manner with the first set of hauls from St. 3 A. The second set of 
hauls from St. 3 A was too infrequent to warrant comparison with the first 
set of hauls from the same station. 

Before treatment of the data by the analysis of variance, two adjustments 
were made. Since the standard deviation of the mean of the total catch of 
each group of hauls varied proportionately with the mean, and since there were 
zero values in most of the tests, a log (X + I) transformation was necessary 
(Quenouille, 1950). In the analysis of the total number of species taken on 
each date at St. I and at St. 3 A it was sufficient to use a simple log transforma
tion because there were no zero values. After the transformation was applied 
to the catch data, whether listed by total catch of each species or by catch of 
all species on each date, the standard deviation varied much less with the mean. 
Even so, the distribution of the catch within each group of hauls was not 
completely normalized. Such normalization should be achieved before further 
use of the analysis of variance, but unfortunately this condition seldom is rea
lized in this type of study (M. Bagenal, 1955). 

COMPARISON OF 19 PAIRS OF SuccESSIVE HAULS FROM ST. I. The analysis 
of variance using the transformed data showed no significant differences be
tween the total catch of the east and of the west hauls at St. 1, whether the data 
were treated by total catch per date or by total catch per species. This result 
allows future combination of the catches from both sets of hauls (Table III 
A, B). 

Within the first group of hauls in an easterly direction, and within the 
second group made in a westerly direction, there were large variations in the 
catch of a given species from sample to sample regardless of date. In fact, the 
variations in catch of a given species were greater, as expected, than the varia
tions between two successive samples of the same date. These large fluctuations 
within each group of hauls may be sufficient to create the large residual error 
which is noted when the total catch data for all samples are compared. As 
seen in Table III A (the test of the total catch) the residual mean square is 
almost as large as the mean square of the comparison between samples taken 
on any given date. Apparently the variations in the catch of each species 
concealed seasonal fluctuations in total catch of all species. In contrast, note 
the small residual error in the test concerning the variations in total number 
of species (Table III B). 

The possible effects of tidal current direction and of wind on the catch 
from St. I were also examined. In the area of towing, the current varies be
tween zero and two knots, depending on the stage of the tide. The results were 
not significantly modified, whether the net was towed with the current, or 
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TABLE Ill. RESULTS OF THE ANALYSIS OF VARIANCE ON 19 PAIRS OF SUCCESSIVE 
HAULS FROM ST. 1 and 20 PAIRS OF HAULS FROM Sts. 1 and 3A, BY TOTAL 
CATCH PER DATE, NUMBER OF EACH SPECIES, AND NUMBER OF SPECIES PER 
DATE. 

Total catch per date 

A. 19 pairs of hauls from St. l C. 20 pairs of hauls from Sts. 1 and 3 A

Deg. Mean Var. Deg. Mean Var. 
freed. square ratio freed. square ratio 

Among samples (dates) 18 0.4579 1.154 19 0.2766 0.645 
Between sets of hauls 1 0.0362 0.091 l 0.1380 0.322
Residual error 18 0.3968 19 0.4291
Total 37 39 

Coefficient of variation 45. l 0/o Coefficient of variation 39.3 o/0 

Total catch of each species 

B. 19 pairs of hauls from St. l D. 20 pairs of hauls from Sts. 1 and 3A 

Among samples (species) 35 0.7895 14.620 36 0.7808 2.83 
Between sets of hauls 1 0.0362 3.593 1 0.3232 1.17 
Residual error 35 0.0540 36 0.2759 
Total 71 73 

Coefficient of variation 55. 7 °/0 Coefficient of variation 53.3 °/0 

Total number of species per date 

E. 20 pairs of hauls from Sts. 1 and 3A 

Among samples (dates) 
Between sets of hauls 
Residual error 
Total 

Deg. Mean 
freed. 

19 
1 

19 
39 

square 

0.1957 
0.0002 
0.1055 

Coefficient of variation 44.3 °/0 

Var. 
ratio 

1.85 
0.002 

against it. The effects of wind direction and force were not thoroughly tested, 
since the necessity for reasonably good weather for the operations precluded 
many tows in easterly winds or in really strong westerlies. The wind varied in 
strength from zero to force five during the time of towing, and ranged through 
all points of the compass, but there was no evidence that wind affected the 
catch. 

COMPARISON OF 20 PAIRS OF HAULS FROM STs. I AND 3 A. The analysis 
of variance applied to the data from Sts. I and 3 A produced results similar 
to those from the successive hauls at St. I only. There were no significant 
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differences between the two localities when the samples were treated by total 
catch, total number of each species, or by total number of species taken on 
each date (Table III C, D, E), but there was a significant difference in the 
number of a particular species taken in each sample within each group of 
hauls (Table III D). As in the test on the hauls from St. 1, the difference in 
number of each species in each tow seemed to mask any seasonal effects, and 
was large enough to produce the high residual error which is apparent when 
the data are treated by total catch (Table III C). 

A comparison of the catches of winter and summer hauls showed that the 
number of species taken on a specific date was not significantly different at 
either station, but that a greater over-all variation between winter and summer 
existed at St. 3 A. During the summer a few species sought the slightly deeper 
area of St. 3 A, and more species were found there than at St. I. In the winter 
the opposite condition was found. Many common sublittoral species seldom 
ventured farther than St. I, thus producing a more varied and less. stable 
population at this station in winter, while at this time only a few residents 
were found at St. 3 A. 

The coefficients of variation lie within the range of those of Barnes and 
Bagenal ( I 9 5 I )  for catches from an inshore ground off Great Britain, even 
after being refigured according to Bagenal (1958). However, the hypothesis 
presented by Barnes and Bagenal, that the catch of one haul needs to be near 
one-third as much as or three times greater than the catch of another haul 
in order to differ significantly, may also apply to hauls from L.I.S. 

INDEX OF HETEROGENEITY FOR STs. r AND 3A. A crude comparison of 
the catch as an indication of the community structure at the two stations was 
based on Margalef's (1958) analysis, which utilized indices of diversity and 
heterogeneity. This is d = S - I/ logeN, where S is the number of species and 
N is the number of individuals. The heterogeneity index is H = <lSt. I + St. 
3A f d St. I +d St. 3A. If the two communities are really distinct, this analysis 
might indicate a difference more accurately than does the analysis of variance, 
which is hindered by both a non-normal distribution and the large residual 
error. Therefore three tests were made. The catch data from consecutive 
dates at both St. I and St. 3 A were pooled separately for each station, and 
then compared with the combined data from both stations for each date. This 
method should indicate whether the combined data from both stations were 
more heterogeneous than the pooled data from each station; if so, the two 
communities would differ from one another in some manner. 

However, results of this analysis showed little difference in heterogeneity 
indices between Sts. r and 3 A (Table IV). Variations between dates at each 
station were almost as much as variations between the two stations on the 
same date. Evidently the intermingling which takes place between these two 
areas is sufficiently widespread to prevent separation into two geographical 
communities by the use of this method. 
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TABLE IV. HETEROGENEITY INDICES OF POOLED DATA FROM ST. 1 AND FROM 

ST. 3A COMPARED WITH COMBINED DATA FROM BOTH STATIONS. 

Date St. l St. 3A Date Sts. l & 3A 
1956-57 1956-57 

VII-17, 31 ............. 0.68 0.62 VII-17 0.70 
VII-31/VIII-14 ......... 0.71 0.51 VII-31 0.39 
VIII-14/IX-6 . . . . . . . . . . 0.68 0.54 VIII-14 0.93 
IX-6/X-2 .............. 0.56 0.45 IX-6 0.70 
X-2/X-16 .............. 0.56 0.77 X-2 0.69 
X-16/X-30 ............. 0.60 0.64 X-16 0.70 
X-30 /XI-14 ............ 1.15* 0.56 X-30 0.57 
XI-14/XII-4 ........... 1.0 0 *  0.54 XI-14 I.I 7*
XII-4/I-8 .............. 0.58 0.69 XII-4 0.56 
I-8/I-25 ............... 0.55 0.57 I-8 0.64
I-25/II-5 .............. 0.64 0.58 I-25 0.81
II-5/II-26 . . . . . . . . . . . . . 0.61 0.55 II-5 0.55
II-26/III-22 ............ 0.51 0.62 II-26 0.66
III-22/IV-l l ........... 0.57 0.46 III-22 0.53
IV-!!/IV-26 ........... 0.57 0.56 IV-I I 0.54
IV-26/V-27 ............ 0.60 0.51 IV-26 0.58
V-27/VI-13 ............ 0.51 0.43 V-27 0.51
VI-13/VII-10 . . . . . . . . . . 1.0 0* 0.42 VI-13 0.66
VII-10 /VII-23 .......... 1.0 0* 0.54 VII-IO 1.0 2*

VII-23 0.67
* The net at St. r was not fishing correctly.

Species Composition of the Catch, and Notes concerning Important Species. 
The demersal fish in our catch may be divided into the two categories of 
residents and migrants, and both groups may be further subdivided. Residents, 
which were taken in greater quantity than migrants, comprise ( 1) species 
which are found throughout the year and apparently move randomly or 
exhibit only slight offshore-onshore movements; (2) species found in some or 
most of the tows but which exhibit an offshore-onshore seasonal movement; 
(3) sublittoral species which also exhibit offshore-onshore movements. Migrants,
which constituted 17°/o of the catch, include: (1) species which come from
lower latitudes in the warm weather; (2) species which come from the east,
chieBy in cold weather; (3) diadromous species which appear in fall and winter,
primarily in the shallower zone (Table V).

Special mention should be made of .A. mitchilli, which may be a resident 
with an offshore-onshore seasonal movement.Juveniles 20 to 35 mm in length 
occurred in the fall in enormous quantities at St. I; they were not collected 
quantitatively because many escaped through the mesh of the net and fell 
onto the deck and into the water. Juveniles occurred in such small quantities 
at St. 3 A that all were recorded. As a result, only the adults from St. I, 

together with the few juveniles from St. 3 A, were recorded. This accounts 
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for the small quantity of this abundant species listed under St. I in Table V. 
Since adult anchovies may not be taken successfully with otter trawls, one 
would not expect many of them to appear in these catches. 

Of the residents present throughout the year, P. americanus appeared in all 
but one tow, and was less abundant at St. I than at 3 A. Nevertheless, the 
range in size was greater at St. I, and during the fall and winter months 
younger fish were taken there in greater numbers. The o-year class was 
absent from St. I catches in summer4, appeared in September, and increased 
in number throughout the winter to a peak in March. At St. 3 A only an 
occasional o-year class fish appeared in fall. The I -year class was present at 
both stations throughout the year. At St. I it was most abundant in the fall, 
fluctuated through the winter, and decreased in abundance during March, 
while at St. 3 A it decreased steadily during the winter from a high in the fall. 
An increase of this age group at 3 A in the spring, simultaneous with a decrease 
at St. I, indicated a slight scattering offshore of the o-year class, which by 
this time had renewed its growth and entered the 1-year class. The 2-year 
class was present at both stations primarily in fall and spring. Its midwinter 
decrease at St. I was precipitous and of short duration (January-February), 
whereas a steady decline in numbers took place at 3 A over a longer period 
(November-March). Older fish, as previously mentioned, decreased in abun
dance at both stations during the winter, but more gradually at St. 3A. They 
probably migrated to spawning grounds, which are primarily in water shallower 
than that at St. I. 

Another resident, S. aquosus, was far less numerous than P. americanus or 
even less than some of the migratory species. Although less abundant at St. 1, 

the number fluctuated less than at St. 3A. Specimens of all sizes were taken 
at both stations, in a more irregular pattern than the winter flounder exhibited. 
The younger fish of the o-year class, with a wide range in length, as well as 
those of the I-year class, appeared at both stations during the spring and in 
October; older fish were more abundant in the winter. 

A third resident, M. bilinearis (only o- to 2-year olds), appeared somewhat 
seasonally. This species was not present in midwinter or midsummer at St. r, 
but was taken in all but one tow at 3A, outnumbering S. aquosus there. 
During the spring o-year class fish appeared at St. 3A along with 1-year olds 
which had remained there throughout the winter, and both age groups gradu
ally reappeared at St. I. In summer a group of 2-year olds appeared at both 
stations, remained through the fall, and then were gone. 

Three common residents, Raja erinacea, Tautogolabrus adspersus, and 
Prionotus carolinus appeared at both stations somewhat seasonally. At St. I 

none of these was caught in midwinter, and only T. adspersus and P. caroli!ZUS 
were taken in midsummer. At 3A R. erinacea was present in winter, but the 
other two species were not taken then. In midsummer at St. 3A, only T. adsper-

4 Specimens as small as I 2 mm were present in dredge samples from St. I in summer I 960. 

2 
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sus was found. All sizes of T. adspersus were collected at both stations. Small 
ones appeared in the early spring, and in fall these were more abundant at 
St. I than at 3A. P. carolinus of the o-year class were taken primarily at St. 1
in the fall. A few individuals of older age groups were taken at both stations 
in spring and summer. 

Urophycis chuss of the o- to 2-year old categories may be residents; the 
adults are migratory. All sizes of this species were present at both stations in 
spring and fall but they were far more abundant at 3 A than at St. I. Small 
numbers of the o-year class appeared in the fall at both stations. One- and 
2-year olds were present at both stations in the spring, and the oldest fish
appeared in the fall at St. 3 A.

.dmmodytes americanus, o- to I -year old, were found in large numbers in 
winter at St. I. Of the other sublittoral species which were taken from St. 1 
in the cold half of the year, only Menidia menidia and Syngnathus fuscus occa
sionally found their way into the deeper waters of St. 3A. 

Twice as many migrants from the south were taken at St. I as at 3 A. In 
the fall many more jtivenile migrants than residents were caught, which is 
understandable when the size and concentration of their schools are considered. 
Most of these fish ( Cynoscion regalis, Poronotus triacanthus, Centropristes stria
tus, for example) were o- to r-year old, and some (notably Stenotomus chrysops) 
may have hatched from eggs spawned in the Sound during the summer. Unlike 
the others, young Urophycis regius, provisionally assigned to this category until 
more is known of its life history, was captured more abundantly at both stations 
in spring than fall; the o-year U. regius arrived in April, and older fish were 
present in October. 

Migrants from the east were not abundant at either station and appeared 
primarily in winter. Of these, Clupea harengus and Lophius americanus were 
immature specimens whereas all Myoxocephalus octodecimspinosus were adult. 

A few anadromous species were taken in winter, almost exclusively at St. I; 
all were juveniles with the exception of Osmerus mordax. A few species may 
be somewhat pelagic (i. e., Alosa sp.), and an otter trawl may not be the most 
efficient means of catching them. 

Community Structure. Attempts were made to define the structure of this 
demersal fish population, utilizing MacArthur's (1957) hypothesis of non-over
lapping niches as a measure of community heterogeneity. According to this 
hypothesis5, the divergence of the observed data from the calculated, when 

5 MacArthur has compared the environment to a stick of unit length on which n- r points are 
thrown at random. The stick is broken at these points, and the lengths of n segments are proporticnal 
to the abundance of n species, giving a situation wherein the expected abundance of rth rarest species 
among n species and m individuals is 

r 
m/n ,L [ r / (n-i + r)] 

i=I 



1963] Richards: The Demersal Fish Population of Long Island Sound 23 

species are ranked from commonest at the left to rarest at the right, is a 
measure of the heterogeneity of the population. According to MacArthur a 
curve that is steeper than the predicted one (too many common species and too 
few rare ones) indicates a composite community. When a census is broken 
down, on the basis of factors which might produce heterogeneity, the curves 
are sometimes in better agreement. The results of such an analysis of the data 
from L.I.S. are shown in Fig. 2, which includes the two curves for the total 
data from all tows from both stations. 

The divergences between the calculated and observed curves are equally 
large at each station. If MacArthur's assumption is correct, and the divergence 
indicates composite communities, this could arise from many factors. The most 
important to be considered in this situation are the behavioral characteristics 
of the fish, their food, and the type of gear used to sample the population. 

The curve from St. I was not changed by sorting the catch according to 
season, nor by separating demersal from semi-demersal, nor residents from 
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migratory fish. Some change was noted, however, when each sample from 
each station was tested with and without P. americanus, which was not only 
the most abundant species, as has already been noted, but was distinctive in 
being the dominant polychaete consumer in the area (Richards, 1963; this 
issue). Because of its abundance, and its somewhat different feeding habits as 
compared with the crustacean feeders, this fish is temporarily treated as a 
separate entity in the population. 

In four catches from each station the observed data differed little from the 
calculated. These catches were characterized by a smaller total catch, a small 
percentage of P. americanus, lack of marked abundance of any one species, 
and a low average number of individuals per species. They were made at each 
station during the absence of those species which exhibit the greatest fluctua
tions in abundance. 

In the catches in which subtraction of P. americanus produced a change in 
the curves (nine of which have been recorded for St. I and eight for 3 A), 
the following characteristics were observed: (a) an unusually large number of 
species; (b) a high percentage of P. americanus; (c) no very abundant second 
species; and (d) sometimes a high average number of individuals per species 
because of the number of winter flounder. These catches occurred primarily 
in spring and fall when P. americanus was abundant in both areas. 

Seven catches at each station belong to a group in which little change was 
produced by subtracting P. americanus. These showed a lower percentage of 
winter flounders, due to a high percentage of one or two other species. The 
tows were made at the time of influx of juvenile migrants in fall and of 
.A. americanus and clupeoids in winter at St. I; and when M. bilinearis was 
abundant at St. 3 A. 

Catches from the same dates at the two stations frequently fell into different 
categories. Apparently an influx of a particularly abundant demersal or semi
demersal species, or of many less common species, changed the situation at one 
station independently of the other. For instance, on February 26, 1957, at 
St. 3 A there were few species and no one was extraordinarily abundant, 
whereas at St. I .A. americanus was so abundant that subtraction of P. ameri
canus from the catch produced little change in the divergence of the curves. 
In the catch of June I 3, 1957, there were so few species but so many M. bilin
earis at St. 3 A that the divergence was large and P. americanus subtraction 
was without effect; on the same date St. r had many less abundant species 
and so many P. americanus that subtraction of this species significantly altered 
the curve. Composite communities, therefore, are produced from what may 
have been a homogeneous situation simply by the movement of a species. The 
commonest species (M. bilinearis, S. chrysops, P. carolinus, .A. americanus, and 
P. americanus), when taken in abundance, either separately or together, may
produce heterogeneity. Such complications were most evident during times of
abundance of winter flounders, juvenile migrants, or sublittoral species.
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Unlike bird populations, on which MacArthur's analysis was first employed, 
few L.I.S. fish display territorial behavior; instead the intermingling of species 
is very common. Under these conditions one possible mechanism for separation 
of species or schools of species is by feeding habits. Conceivably taxonomic 
grouping is not as good a measure of the community organization as grouping 
by feeding habits might be. Such a division awaits further analysis of the present 
data from the two areas in L.I.S. 

Analyses made of catches taken with different kinds of gear in various 
areas include beach seine data from Morris Cove (Warfel and Merriman, 1944), 
trawl catches from Block Island Sound (Merriman and Warfel, 1948), and 
industrial trash fishery landings at Point Judith, Rhode Island (Edwards, 
1958). All produced similar steep curves. Therefore it is doubtful that the 
type of net used in the present survey seriously influenced the curves shown in 
Fig. 2. 

However, it is well to bear in mind two effects of net selectivity on the 
present analysis. Various modifications in a net can affect the catch, and an 
otter trawl is primarily designed to catch flatfish. Therefore we cannot be 
sure that the results of the analysis present a true picture of population hetero
geneity; they may be, in effect, a result of sampling error. It is not possible 
at this time to estimate how much of the abundant catch of P. americanus is 
the result of gear selectivity. But, since M. bilinearis appears equally capable 
of producing heterogeneity when it is available in quantity, gear selectivity 
for winter flounder may be a minor consideration. Secondly, during a small 
proportion of the total drag-time, the net may pass through a dense school of 
juveniles, taking a disproportionate amount of one species. Under these circum
stances the results will be confusing. Does gear selectivity only appear to change 
the community structure? Or are such aggregations large enough to produce 
heterogeneity in the population ( due to the very lack of territoriality) so that 
the data give a true estimate of the situation? Further investigations of the 
demersal fish population along the lines mentioned above may help solve this 
dilemma. 

DISCUSSION 

The standing crop of demersal fish from L.I.S. , as recorded from two sta
tions, is less than that recorded for the English Channel and Block Island 
Sound (B.I.S.). Although L.I.S. has a larger standing crop of phytoplankton 
and a greater basic productivity than either of the other areas, these resources 
in terms of zooplankton and invertebrate fauna do not produce a population 
of large fish. The lack of efficient conversion has been discussed by Riley 
(1955). He felt that the high organic content of the mud which covers much 
of the bottom of the Sound, due to the inefficiency of the zooplankton feeders, 
fails to produce organisms which are successfully utilized for food by market
able fish. Although a greater standing crop of fish occurred on the mud bottom, 
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only a small percentage of the total fish were adult specimens of marketable 
size. 

The demersal fish population in L.I.S., based on the data from these two 
stations, consists of rather small specimens of many species, both residents and 
migrants, of which P. americanus is the most abundant. With the exception of 
R. erinacea, T. onitis, S. aquosus, and P. americanus, most of the specimens
are either juveniles or species which never grow large. Even the largest speci
mens of these species are smaller than those to the eastward. It has been sug
gested that these species may be in the process of separating into different races
(for R. erinacea in particular, see Merriman, et al., 1953; and Richards, et al.,
in press).

Competition among species or between fish and invertebrate epifauna may 
affect the growth rate and abundance of the fish. Competition for food between 
these two latter groups must await further studies of the feeding habits of the 
organisms concerned. Still another possibility might be competition for space 
on the desirable ground from the epifauna, particularly .Asterias forbesi. This 
species is enormously abundant at times; and estimates (Burkenroad, 1945) 
for an area off Milford, Connecticut in less than 40 feet of water show 8. 7 g/mz 
in average years to I 57 g/m2 in peak years - about I 5 to 250 times the weight 
of fish from St. I. When our hauls were made, a peak of abundance of star
fish was rapidly approaching. Loosanoff (1958) estimated 16.3 starfish/m2 for 
1958 near Milford, which may be enough to affect the fish population. Whether 
these fluctuations in starfish numbers or biomass actually result in variations in 
fish abundance or growth rate remains to be investigated. 

There may be additional physiological reasons for smaller fish inhabiting 
L.I.S. compared with B.I.S. and further east which are not yet understood.
Experimental work is needed to determine whether the growth rates of these
species are effected by changes in osmoregulation, metabolic rates, and thyroid
activity due to environmental factors.

On the whole the demersal fish population of L.I.S. resembles that of 
other areas in southern New England. Elasmobranchs, gadids, cottids, and 
particularly pleuronectids are dominants, around which other species fluctuate 
in abundance. Comparison of data from Sts. I and 3 A with older records from 
L.I.S. and B.I.S. (Bingham Oceanographic Laboratory, unpublished records;
Merriman and Warfel, 1948) show interesting results. At Sts. I and 3A,
P. americanus formed 45°/o by number and 67°/o of the weight of the catch.
In 1943-46 P. americanus formed 41 °/o of the catch of L.I.S. by number
and 42 °/o by number and 36 °/o of the B.I.S. catch by weight (see Table VI).
The difference in abundance by weight is primarily due to the size of the other 
species in the catch. In B.I.S. large species (i. e., Raja laevis) were taken along 
with larger adults of the species which also appeared in L.I.S. Some of the 
smaller species from L.I.S. do not appear in B.I.S. Consequently the percentage
by weight of P. americanus was less in the catch from B.I.S.
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TABLE VI. COMPARISON OF PERCENTAGE OF TOTAL CATCH CONSISTING OF THE 
THREE MOST ABUNDANT SPECIES FROM B.l.S. AND L.l.S. IN 1943-46 AND 
FROM L.l.S. IN 1956-57.

r---1943-1946
------.._ 

1956-1957

B.I.S. L.1.S. L.I.S. L.I.S.: St. 1 L.I.S.: St.3A

Species No. Wgt. No. Wgt. No. Wgt. No. Wgt. No. Wgt.

P. americanus ...... 42 36 41 45 66 41 65 50 7 0
S. aquosus .......... 6 4 25 6 9 5 10 7 9
M. octodecimspinosus . 21 13
R. erinacea ........ 11 18 12 2 >8 
M. bilinearis ....... 11 5 19 9
S. chrysops ......... 9 <2 14} 2 A. americanus ...... 13 

Differences in the relative abundance of these species between these surveys 
are due to different sampling techniques, differences in the behavior of the 
fish, and possibly to real differences in abundance. For instance most nets used 
in 1943-46 would allow small fish, such as A. americanus, to escape, whereas 
the net used at Sts. I and 3A in 1956-57 did not. Some fish, such as M. 
octodecimspinosus, occur more frequently offshore and to the east; and some, 
such as A. americanus, occur more frequently in shallow water. The abun
dance of a few species appears to have changed. Juvenile S. chrysops, for 
instance, may have increased in L.I.S. in the last dozen years. 

Within L.I.S. there are certain differences in the numbers of less abundant 
species depending upon the depth of water, type of bottom, seasons, etc., but 
the percentage of the commonest species, P. americanus, appears stable over a 
year's time on all types of bottom, whether sand-shell, mud, or eel grass. 

The catches from Sts. I and 3 A are essentially similar, yet two notable 
differences exist. The amount of fish taken at St. I is less, but the variety, 
consisting of species from more varied locales, is greater than that at St. 3 A. 
The chief factors which account for the greater variety but smaller catch at 
St. I would appear to be temperature, distance from shore, bottom sediment, 
and quantity and quality of bottom fauna and zooplankton. Although bottom 
temperature differed little between the two places (Fig. 3), the one or two 
degrees of difference in winter and summer may have been sufficient to keep 
R. erinacea, 114. bilinearis, and U. chuss in the deeper locality at these times.
The distance between the two stations is only two miles, yet some of the
sublittoral species seldom venture as far as St. 3 A. As for bottom sediment
as a factor, it should be noted that hard sand-shell areas, such as St. 1, support
an epifauna dominated by crustaceans (Sanders, I 9 5 6 ), which are the chief
food of the juvenile migrants and sublittoral species (Richards, 1963; this
issue). St. I also has a large copepod population (Deevey, 1956) - the primary
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food of some species, such as A. americanus. But in spite of these differences
in environmental factors between the stations, no statistical differences in the
fish catc:1 were noticed. The large Ru_ctu�tions i� abundan�e of nearly every 
fish species between samples concealed s1gmficant differences m the composition
of the catch between localities. 

All demersal fish were considered in the estimate of standing crop in these 
two areas of L.I.S. Perhaps the areas include two or more communities which 
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Figure 3. Comparison of the bottom water temperature, in °C, between Sts. r and 3 A. 

should be estimated separately in the future, but no such estimates can be made 
until the reason for the superabundance of P. americanus is found. In some 
circumstances, intra-specific competition may limit the flounder abundance in 
different localities. At certain periods of the year inter-specific competition 
may be important. Such periods may include the fall when juvenile scup appear 
in large groups. The difficulty of a clear definition of the community is com
pounded by the temporary abundance of certain species, i. e., A. americanus,
and our present inability to estimate the abundance of juvenile anchovies. The 
actual structure of the community is important when considering the popula
tion dynamics and biology of a single species, and also if in future, .management 
of the Connecticut marine fishery becomes a necessity. 
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Capa B. PHqap;ri;c 

,Il;EMEPCAJibHOE HACEJIEHME PbIB B IIPOJIMBE JIOHI' MCJ1AH,n:. 
1. COCTAB M OTHOCMTEJlbHOE OBMJIME BM,Il;OB B

,Il;BYX MECTAX ITPOJIMBA. 1956-1957. 

RpaTHHM o6sop 
,Il;eMepcaJihHhlfI pbI0bI 0hIJIH nOMMaHhI OTTep-TpaJiaMH Mem;ri;y HIOHeM 1955 

H HIOJieM 1957 ro;n;a B npoJIHBe Ha CTaHI_\He 1 Ha rJiy0HHe B 9 MeTpOB c ).\HOM 
li!S necHa H paHOBHH H Ha CTaHI.\He 3A Ha rJiy6.11He B 17 MeTpOB c HJIHCTbIM 
).\HOM. °YJIOBhI c;ri;eJiaHHhle 1vrem;n;y 17 HIOJIH 1956 ro;n;a H 23 li!IOJIH 1957 ro;n;a 0bIJIIi 
IrnaHTliTaTHBHO aHaJISHpoaHhI. 

BliOMacca ;n;eMepcaJI'l,HhIX pbI0 paBHHJiaCb 0 .60 r/M2 Ha CTaHI.\lie 1: 1.1 r/M2 

Ha CTaHI.\.118 3A li 0.76 r/M2 COBM8CTHO ).\Jlfl 3TiiX )];Byx CTaHI.\Iili. ;r:J;ecHTb Ha
li!0OJiee OobiqHI,IX Bii).\OB COCTaBJifIJili 93 °lo BCet-i BHOMaCCbI, a HS HiiX Pseudo

pleuronectes americanus cocTaBJIHJI 67 ¼. 

B Ham).\hIM HS 19 OT).\eJihHhIX ).\Hell ).\Ba nOCJI8)-IOBaTJihHhIX yJIOBa TpaJIOM 
0bIJili c;n;eJiaHbI rrn CTaHI.\lie 1 , 0)-IIiH B BOCTOqHOM HanpaBJieHlili li ;ri;pyrotl: B 
sana;n;HOM: o6a Ha TOM me M8CTe. AHaJIHS Bap.11aHTHOCTli ObIJI npliM8H8H !{ 

06II-1eMy yJioBy no o6meMy qHcJiy oco6e:n, no qHcJiy Bli)-IOB H no qlicJiy oco6en 
Ham;n;aro Bli)-la. TaRHH 6oJihmHH BapHawrn obIJIH o6HapymeHbI B 06II-1eM yJioBe 
B c6opax c;n;eJiaHHbIX B O0OHX HanpaBJI8HliHX qTo CTaTHCTHqecirn BamHbIX pas
HHI.\ Hli B O0II.\eM YJIOBe, Hli B O0II.\8M qHCJie Bli).\OB He OhIJIO Mem;ri;y 008liMli 
rpyrrnaMH. O;n;HaRo 06II-1ee q.11cJio oco6e:n Ram;ri;aro BH;n;a npe;n;cTaBJIHJIO cTaT.11-
CTHqecH.11 BamHhie OTJiliqHJI Ii Mem;n;y Ham;n;otl: rpynno:n YJIOBOB li B Ram;n;oM 
yJioBe. IIo;n;o6HbIM aHamrn rpynnhI ;n;Ba;n;I-1aTII c6opoB Ha CTaHI.\lile 1 II ;n;Ba;n;I-1aTli 
me c6opOB Ha CTaHI.\He 3A C).\eJiaHHbIX B Te me ).\HH ;n;aJIH CXO).\Hhie pesyJihTaTbI. 
'-IHCJIO oco6e:n HOJie6JIIOII-1eecH B Irnm;n;OM BH).\e MaCHiipOBaJIO BOSMOlliHOCTb npH
cyTCTBliH ceSOHHhIX li M8CTHLIX paSJiliqlili. B ;ri;o6aBOR R 3TOMY aHaJIHS C npli
MeHeH.HeM HH)-leRcoB pasm1qJi!H II reTeporeHHH, c;n;eJiaHHLIH B corJiaCIIH c yirnsa -
HliHMli MapraJieBa 1958 noRasaJI qTO B Ram;n;o:n M8CTHOCTli O0II.\eCTBa pi,16 
0bIJIIi HaCTOJihHO me reTeporeHHbI Hal{ Ii COBM8CTHhI8 o6meCTBa 008IiX M8CTH0· 
CT8M. 

B TeqeHiili ro;n;a 0bIJIIi IIOMMaHbI 37 Bli).\OB pbI6, 36 Ha CTaHI.\li8 1 Ii 25 Ha 
CTaHI.\IIe 3A. AHaJIHSOM 0hIJI o6HapyJReH cesoHHhIM ma6JIOH no HOTopoMy BEC 
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o6�aro yJIOBa HOJie6aJICH nponOpl.\HOHaJihHO c '[HCJIOM IIOHMaI!HhlX oco6eti 
P. americanus, HO ::na nponOpl.\IIOHaJibHOCTb He npocn;:paJiacb Ha o6�ee 'I.HCJIO 

notiMaHHhlX phl6. B o6�eM 'IHCJIO HaH B3pOCJibIX phl6 TaH H MOJIO)J;H 6bIJIO 

MeHbIIIe JieTOM <reM B )J;pyr.He BpeMeHa rop;a. IlocJie BO3pacTaHHH 'I.HCJieHHOCT.H 

oceHbIO' 06HsaHHOe npe.HMy�eHCTBeHHO IIOHBJieHHIO MOJIO)J;.H' 3HMOH HaCTynaJIO 

IIOH.HlKeHHe. Ilosp;Heti 3.HMOH BO3pacTaIO�ee o6HJI.He cy6JIHTOpaJihHhlX II p;r;:ap;po
MHhlX BH)J;OB conpOBOmp;aJIOCb IIOHHiHeH.HeM 'I.HCJia B3pOCJihlX P. americanus.

-YBeJI.H'IH.He 06.HJI.HH MHOr:lfX BH)J;OB npop;oJimaJIOCb BTe"IeH.He BCeti BeCHhl. 

Ilotii;:aHHbie B.H)J;hl COCTOHJIH .HS )J;Byx rpynn' pe3H)J;eHTHhIX phI6 H MHrp.H

pyro�HX. fJiaBHhie pesYI)J;eHThI: P. americanus, Scophthalmus aquosus M Merluccius 

bilinearis: a HaH6oJiee o6hl'IHhiti MYirpaHT Stenotomus chrysops. BOJihIIIe cy6JIHTO

paJihHhlX pesHp;eHTOB Bpop;e Ammodytes americanus H MOJIO)J;H MHrpaHTOB 61,rnr;: 

notiMaHhl Ha nec<raHopaHOBHHHOM )];He CTaHI.\.H 1 , <reM Ha .HJI.HCTOM )];He CTaHIJ;HH 

SA. ,D;aHhl CBep;eHHH O nepeMe�eH.HH HeCHOJILHliIX 06hI'IHhIX BH)J;OB Ha o6eHX 

CTaHI.\.HHX H B )J;pyrHx MeCTax npoJrnBa. 

C)J;eJiaua nonr,rTHa onpep;eJiemrn CTPYHTypr,r coo6�eCTBa c npMMeHenl/leM 

rrmoTe3hI MaimpTypa O HenepeRpbrnaro�HX HHIIIax. 3To yHasaJIO Ha cy�eCTBO

BaHJ/le CJIOmHaro coo6�eCTBa o6JrnaHHOro npeHMy�eCTBeHHO nepep;BHiH8HJ/IHM 

P. americanus J/1 )J;pyrHX o6bI'IHhlX BH)J;OB. BoBMOiHHO 'ITO npH)J;eTCH pas6HTL 
nonyJIHI.\J/IIO )J;eMepcaJibHhlX phl6 Ha HeCHOJihHO , ,rpynn,, OTJIH'IHhlX OT TaHCO

HOMHhlX rpynn' npem)J;e 'I8M CTPYHTypa roMoreHHaro coo6�eCTBa MOJ-R8T 6bITh 

onpe)J;eJieHa. 

I 
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ABSTRACT 

Identified food of 33 juvenile demersal fish species (19-235 mm) collected at 
St. r in Long Island Sound consisted of one hydroid, 3 8 polychaetes, 50 crustaceans, II 
mollusks, and 3 fish. The most important food items were a hydroid (unidentified), Neanthes 
succinea, Ampharete acutifrons, Pseudodiaptomus coronatus, Temora longicornis, Acartia spp., 
Balanus balanoides larvae, Neomysis americana, Leptocheirus pinguis, Ampelisca sp., Caprella 
spp., and Crago septemspinosus. More predators ate N. americana than any other prey, and 
with respect to both numbers and volume this form outranked all the other food items. 
Greater numbers of epifauna were consumed on the whole than infaunal invertebrates. The 

32 
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greatest food diversity occurred in spring and fall, which were also the seasons when the 
greatest variety of predators occurred. 

Two omnivorous predators, Stenotomus chrysops and Pseudopleuronectes americanus (the 
dominant polychaete predator), ate over 50 °/o of the identified prey species; four, Urophycis 
regius, Centropristes striatus, Prionotus carolinus, Etropus microstomus, ate over 15°/0 ; seven, 
Merluccius bilinearis, Pollachius 'Virens, Urophycis chuss, Cynoscion regalis, Tautogolabrus ad
spersus, Ammodytes americanus, and Sphaeroides maculatus, ate over ro 0/0 ; and all the rest 
ate less than ro 0/0• On the whole, abundant predators consumed a greater variety of prey 
than the less abundant species. Obvious exceptions included abundant stenophagous pre
dators such as Scophthalmus aquosus. 

Freshly consumed food in full stomachs of a few predators was weighed. The amount of 
food varied between r.r and 9.4°/0 of their body weight, and for all predators combined 
averaged 4.2 °/0• Rough calculations of productivity of the ju'Venile demersal fish (approxi
mately 0.15 g/m2/yr) from St. r were less than ro 0/0, and the efficiency of conversion of bottom 
fauna into juveniles was one-fifteenth of that of all demersal fish of the English Channel. 
The productivity of P. americanus, the most abundant predator at St. r, averaging 2.8°/0 

of its body weight in food at one time, equalled roughly 0.05 g/m2/yr. 
Nearly all predators were consumers of similar-size herbivores and detritus-feeders and 

belonged in the same trophic level. Within this level emigration by many predators to other 
areas during the growing season and possible competition for the major prey on the sand
shell sediments partially explain the low fish productivity. 

INTRODUCTION 

The food of most adult demersal fish from southern New England is 
roughly known, and the fish have been categorized as bottom feeders, zoo
plankton feeders, piscivorous forms, etc. For a general picture of the feeding 
habits over a large area these categories may be sufficient. However, if the 
fish population of a small area, defined by certain characteristics, is to be 
described, a closer scrutiny of the feeding habits of the components of the 
population is necessary. 

An analysis of the benthic fauna of St. I ( 1 mile SE of Charles Island, 9 m, 
sand-shell bottom) in Long Island Sound has been continued over a number 
of years. Sanders (1956) described the invertebrate fauna, and Richards (1963; 
this issue) the fish fauna. The feeding habits of these fish have also been of 
interest. This paper describes, within the limits of our sampling ability, the 
food of the juvenile demersal fish from St. I. 

Much incidental but invaluable information has been gathered during this 
study. Seasonal variations in prey availability, in the selection of food by differ
ent predators, the amount of food consumed over a short period of time, and 
the possibility of competition between predators or between age groups were 
all significant contributions to a study primarily concerned with population 
structure and productivity. In the New England area little of this type of in
formation has been published concerning fish. 

Feeding habits have been intermittently reported in life history studies, but 
only a few publications list the food of many coexisting fish from New England 
waters. Verrill ( 1 87 I) was one of the first. His work concerned fish from 
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Great Egg Harbor, New Jersey, and from Grand Manan, New Brunswick 
Canada. Linton (1901) summarized the food of many species from Wood; 
Hole, Massachusetts during his studies on fish parasites. In 1943-46 Smith 
(1950) examined stomachs of many fish from B.I.S. in connection with a 
study of the benthic fauna, and analyzed the prey-predator interrelationship 
of eight common fish species. 

To demonstrate such relationships in L.I.S., or to solve some of the ques
tions raised concerning demersal fish community structure (Richards, 1963a; 
this issue), the food of each species must be known in some detail. Some species 
were taken at St. I in sufficient quantities to provide considerable information; 
others were not. Data concerning each species, rare or common, are included 
here for those who may be interested. 

This paper is in two parts. The results list all prey, their seasonal changes in 
abundance, and availability. The list of predators includes a discussion of the 
principal prey, seasonal changes, the possibilities of competition, and some data 
on the amount of food consumed at one time. The Appendix (p. 94) lists 
the prey consumed by each predator. 

MATERIALS AND METHODS 

Fish were collected in 59 tows from St. 1 in Long Island Sound, between 
June 13, 1955, and July 23, 1957, with various small-mesh trawl nets. During 
the first year St. I was sampled irregularly with only one tow on each sampling 
date. During the second year a total of 41 samples was taken (between July 
17, 1956, and July 23, 1957) approximately fortnightly with the same net 
(Richards, 1963a; this issue), and in most cases two successive tows were made. 
Since statistical analyses showed no significant differences between these pairs 
of successive tows, their catches were combined. 

Of a total of 2,343 fish caught, the stomachs of 1,382 fish ranging in 
standard length from 19.1 to 235 mm were examined (Table I). Juveniles 
predominated, although some adults of small species were included (i. e., 
Myoxocephalus aeneus). 

Only the content of the stomach was examined rather than that of the whole 
digestive tract since the food of the past few hours was of primary interest. The 
food was identified, counted and sometimes measured, but it was weighed only 
when the stomach was absolutely full of fresh material. Partially digested food 
or partially filled stomachs gave no indication of the total weight of food con
sumed. Volumetric determinations were also excluded because of uncertainty 
concerning the significance of the results. Counts alone were unsatisfactory, 
because they did not indicate the proper value of different size prey. Counts 
and size measurements together gave some indication of the relative importance 
of some invertebrates. However, in the future, counts and volume determina
tions should be combined. 
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TABLE I. NUMBERS OF SPECIES (SP.) AND INDIVIDUALS (I.) OF JUVENILE DEMERSAL 
FISH FROM ST. 1 WHOSE STOMACHS WERE EXAMINED (1955-57); THE PER-
CENTAGE OF PREY SPECIES EATEN BY EACH PREDATOR, AND THE PERCENTAGE 
OF EMPTY STOMACHS FROM EACH SAMPLE FIGURED ONLY FOR SAMPLES 
TAKEN DURING 1956-57. 

Prey Empty Prey Empty 

Date Sp. I. spp. stom. Date Sp. I. spp. stom. 

(o/o) (o/o) (o/o) (0/0) 

VI-13-55 6 14 X-2-56 10 50 42.6 0 
IX-21-55 6 57 X-16-56 14 108 54.6 5.6 
X-10-55 7 17 X-30-56 8 45 30.5 4.4 
X-27-55 5 6 XI-14-56 5 13 10.2 15.0 
XII-7-55 3 48 XII-4-56 12 32 20.8 6.2 
II-2-56 8 52 I-8-57 7 75 21.2 32.0 
IV-2-56 4 15 I-25-57 7 45 16.7 26.7 
IV-30-56 5 15 II-5-57 4 14 9.3 21.5 
V-17-56 3 IO II-26-57 10 159 24.0 46.6 
V-29-56 5 32 III-22-57 10 145 40.7 38.4 
VI-20-56 2 4 IV-11-57 9 47 24.0 10.6 
VII-3-56 2 5 IV-26-57 5 22 23.1 0 
VII-17-56 6 29 23.1 17.0 V-27-57 8 75 50.9 2.6 
VII-31-56 7 13 16.7 0 VI-13-57 7 36 27.8 11.1 
VIII-14-56 10 25 31.5 0 VII-10-57 0 0 
IX-6-56 7 46 26.8 0 VII-23-57 4 7 14.8 14.3 
IX-18-56 10 70 29.6 2.8 
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RESULTS 

Juvenile demersal fish ate 1 r 3 species identified from entire specimens or 
identifiable partial remains (Table II) ranging in length from 0.7 to 153 mm. 
By far the most common were the crustaceans, although hydroids, nemerteans, 
polychaetes, and mollusks were included. Many of these, notably the active 
crustaceans, were not sampled with Sanders' dredge at St. r in 1953-54 
(Sanders, 1956). Although each identified prey is listed in Table II, it is 
discussed within its major group, i.e. polychaetes, crustaceans, etc. Only the 
most common prey are analyzed in detail. Sand and twigs are also listed. 

3* 
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TABLE I I. STOMACH CONTENTS OF 33t 
FROM ST. l, L.I.S., INCLUDING 

SPECIES OF JUVENILE DEMERSAL FrSHttTOTAL NUMBER AND PERCENTAGE** OF
PREDATOR SPECIES AND INDIVIDUALS EATING EACH PREY SPECIES. 

PREY 
Sand ................. 
Diatoms and Dinoflagel-

lates* .............. 
Algae* ............... 
Twig* ............... 
Sponge-uni dent.* ...... 
Hydroid ............. 
Eggs-invertebrate * . . . .

Eggs-fish * ............ 
Cerebratulus luridus . . . .

N emerteans-unident .... 
Syllidae .............. 

Auto!ytus cornutus . . . . . .

Autolytus sp. f3 ••••••••. 
Lepidonotus squamatus a; 
Harmothoif imbricata* . . .

Sthenelais gracilis* . . . . .

P hyllodoce f ragilis . . . . . .

Eumida sanguinea* . . . . .

Nereis pelagica* . . . . . . .

Nereis ciliata* . . . . . . . . .  

Nereidae ............. 
Neanthes succineaa . . . . .

Nephthys incisa . . . . . . . .

Nephthys ingens* . . . . . . .

Nephthys caeca ......... 
Nephthys sp ............ 
Arabella iricolor . . . . . . .

Eunicidae*V . . . . . . . . . .

Lumbrinereis tenuis* . . . .

Lumbrinereis sp. * ...... 
G!ycera dibranchiata . . .

G!ycera americana* . . . .
G!ycera sp ............. 
Goniada gracilis* . . . . . .

Spionidae · · · · · ·  . . . . . .

Megalona papillicornis* 
Cirratulus grandis . . . . . .

Terebellidae .......... 
Po!ycirrus eximus* . . . . .

Ampharete acutifrons . . .

Ampharete sp.<5 ........ 
Melinna cristata . . . . . . .

Cistenides gouldii . . . . . . .

SPECIES 

(N) (•/o)
18 51

4 11 
3 9 
2 6 

2 6 

8 23 
6 17 
2 6 
3 9 
3 9 
l 3
1 3 
2 6 
3 9 
1 3 
2 6 
2 6 
l 3
3 9 
l 3
4 11 

5 14 
4 11 

l 3
2 6
3 9 
2 6 
l 3
l 3
l 3
2 6 
3 9 
3 9 
l 3
1 3 
1 3 
2 6 
1 3 
l 3
3 9 
2 6 
2 6 
3 9 

lNDIV. 

(N) (0/o) 
292 21 

7 
4 + 

2 + 

2 + 

89 7 
12 l 

2 + 

10 l 

136 10 
1 + 

1 + 

2 + 

7 1 
2 + 

18 l
17 1 
4 + 

12 1 

l +

15 l
77 6 
26 2 

l +

6 +

11 l
5 + 

2 + 

2 + 

1 + 

11 1 
4 + 

16 1 
2 + 

2 + 

1 + 

4 + 

3 + 

1 + 

119 9 
7 

11 
12 

PREY 
Capitella capitata . . . . . . .

Capitellidae ........... 
Scoleciformidae ....... 
Travisia sp. * . . . . . . . . .
C!ymenella torquata* . . . .

Maldane sp. . . . . . . . . . .
Scalibregma injlatum* . . .

Arenicola sp. * ......... 
Flabilligera a/finis . . . . . .

Amphicora fabricii* . . . .

Eupomatus dianthus* . . . .

Polychaete-unident ..... 
"Stuff"*L. ............ 
Polychaete spines ...... 
Clitellio arenarius* . . . . .

Oligochaete-unident .... 
Worm-unident. . . . . . . .
Sagitta sp. * ........... 
Calanus finmarchicus* . . .

P aracalanus sp. * ....... 
Paracalanus crassirostris* 
Pseudocalanus minutus . .

Centropages hamatus . . . .

Centropages sp . ........ 
Pseudodiaptomus corona-

tus .............. . . .

Temora longicornis . . . . .

Eurytemora sp.* ....... 
Labidocera aestiva . . . . .

Acartia clausi . . . . . . . . .

Acartia tonsa . . . . . . . . . .

Acartia spp ............ 
Tortanus discaudatus* . . 
Alteutha depressa* . . . . . .

Copepod-unident . ..... 
Cyclopoid-unident . .... 
Halocypris brevirostris*? 
Ostracod-unident. . . . . .

Ba/anus balanoides 
nauplii ............. 

Ba/anus balanoides 
cyprids ............. 

Neomysis americana . . . .

Heteromysis formosa* . . .

SPECIES 

(N) (•/o)
2 6 
2 6 

3 
3 

1 3 
2 6 
1 3 
1 3 
2 6 
2 6 
2 6 
8 23 
6 17 
2 6 
2 6 
2 6 
2 6 
1 3 
1 3 
1 3 
4 11 
3 9 
2 6 
3 9 

10 29 
18 51 
1 3 
9 26 
4 11 
4 11 

14 40 
1 3 
1 3 
7 20 

3 
1 3 
2 6 

3 9 

4 11 

27 77

12 34 

lNDIV, 
(N) (•/o)

4 + 

13 1 
1 + 

1 + 

8 + 

4 + 

1 + 

l +

11 l

13 l

12 1 
62 5 
52 4 
2 + 

13 1 
4 + 

4 + 

1 + 

4 + 

1 + 

9 1 
24 2 
4 + 

31 2 

98 7 
294 21 

l +

59 4

12 1 
6 + 

150 11 
12 1 
1 + 

12 1 
1 + 

2 + 

2 + 

40 3 

91 7 
493 36 

39 3 
(Cont.) 
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TABLE IL (Cont.) 

SPECIES 

PREY (N) (
0

/0) 

Michtheimysis stenolepis*. 2 6 
Mysid-unident. . . . . . . . 3 
Nebalia sp. * . . . . . . . . . . 3 
Edotea montosa . . . . . . . . I 3 
Edotea sp. 0 . . . . . . . . . . .  2 6 
Cyathura polita . . . . . . . . 3 
Jdothea sp.* ........... 3 

Isopod larvae ......... I 3 
Ampelisca sp ........... 10 29 
Stenothoi! cypris . . . . . . . .  9 26 
Stenothoi! minuta . . . . . . . I 3 
Stenothoi! sp. n . . . . . . . . .  6 17 
Monoculodes edwardsi* . 1 3 
Calliopius laeviusculus* . . 2 6 
Orchomenella sp. * . . . . . . 3 
Photis reinhardi* . . . . . .  4 11 
Podoceropsis nitida . . . . .  4 11 
Leptocheirus pinguis .. . . .  11 31 
Erichthonius brasiliensis* 5 14 
Unciola irrorata . . . . . . .  4 11

Siphonoecetes smithianus* 6 17 
Corophium sp . ......... 11 31 
Aeginella longicornis . . . .  5 14 
Caprella geometrica* . . . .  5 14 
Caprella linearis . . . . . . .  9 26 
Caprellid ............. 5 14 
Amphipod-unident ..... 3 9 
Amphipod coxal plates . 2 6 
Amphipod sand tubes .. 3 9 
Crago septemspinosus . . . .  18 51 

lNDIV. 

(N) (0/o)

4 + 
4 
+ 
+ 
+ 
+ 
+ 

l + 
62 5 
65 5 

l + 
63 5 

2 + 
2 + 
I + 

17 l 

22 2 
151 11 

16 l 

11 l 

22 2 
66 5 
57 4 

7 1 
101 7 

15 l 

13 
17 

3 + 
232 17 

PREY 

Palaemonetes vulgaris* .. 
Sabinea sarsii* • . . . . . . .

Shrimp-unident ........ 
Upogebia affinis* .. . . . . .

Callianassa stimpsoni* . . .

Pagurus longicarpus . . . .

Pagurus pollicaris* . . . . .

Pagurus sp ............ 
Panopeid crab ........ 
Crab-unident .......... 
Crab larvae ........... 
Decapod larvae ........ 
Crustacean remains .... 
Nymphon grossipes . . . . . .

Nucula proxima ........ 
Yoldia limatula . . . . . . . .

Astarte undulata* . . . . . .

Macoma tenta . . . . . . . . .

Ensis directus .. • . . . . . . .

Mulinia sp . ........... 
Pelecypod-unident ..... 
Crepidula sp. * . . . . . . . . .

Acmea sp.* ........... 
Nassarius triviattatus . . .

Mitrella lunata . . . . . . . .

Retusa caniculatum . . . . .

Gastropod-unident ..... 
Anchoa mitchilli . . . . . . . .

Merluccius bilinearis* .. .

Ammodytes americanus . .

SPECIES 

(N) (o/o) 

3 
3 

I 3 
2 6 
I 3 
3 9 
I 3 
7 20 
7 20 
4 11 

3 
3 

11 31 
3 9 
1 3 

3 
3 

4 11 
7 20 
3 9 
5 14 
3 9 
2 6 
2 6 

3 
3 

1 3 
3 9 
2 6 
4 11 

37 

lNDIV. 

(N) (0/o)

+ 
+ 
+ 

6 + 
l + 
3 + 
4 + 

19 l 

23 2 
4 + 
I + 
1 + 

19 l 

4 + 
1 + 
1 + 
l + 
9 + 

23 2 
16 l 

25 2 
28 2 

6 + 
2 + 
8 + 
1 + 
1 + 
4 + 
2 + 
6 + 

t Enchelyopus cimbrius and Conger oceania empty; Myoxocephalus octodecimspinosus, Paralichthys den-
tatus, and Trinectes maculatus not examined for stomach contents. 

tt See Appendix for details of food of each predator species. 
** All percentages rounded off to the nearest whole number; all percentages <I indicated by a+ sign. 

" Not identified from the stomach contents of juveniles from St. 3 A. 
/3 Not including A. cornutus. 
a See ftn. 1. 

v Not including Arabella iricolor. 
() Not including A. acutifrons. 
/; Amorphous mass of organic material found only in species eating polychaetes. 
0 Not including E. montosa. 
n Not including S. cypris and minuta. 
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PREY 

Although half of the predators ate sand along with their food, it was common 
only in those which depended primarily on the infauna. Green food was 
rare; phytoplankton was eaten primarily by C. harengus and A. mitchilli, while 
small pieces of algae and twigs occasionally occurred in U. regius, M menidia 
M. aeneus, and P. americanus. Consumption of eggs, both invertebrate and
fish, was also rare. The invertebrate eggs may have been introduced along
with females, particularly copepods. Two sponges, both unidentified, were
eaten by E. microstomus and P. americanus.

Hydroids, in the stomachs of eight predators, were consumed primarily by 
S. chrysops and P. americanus. Although a large hydroid mass occurred occasion
ally, hydroids were not utilized in proportion to their abundance on the bottom.
Scarcely eaten at all in winter, they were principally consumed in spring and fall.

Nemerteans on the whole remained unidentified. Only Cerebratulus luridus
was recognized. Tangled masses of these worms were found in o-year class 
S. chrysops, and were consumed by P. americanus in the spring. Rarely did 
other species bother with these worms.

A wide variety of polychaetes was eaten by one third of the predators. 
Thirty-six polychaetes were identified at least as far as genus, and the total 
number of species may have been nearer 40. Eighteen of the species eaten were 
not taken from St. I by dredge, but were found near Charles Island. Seven 
species of polychaetes, which were taken by dredge, were not consumed by the 
fish. 

Consumption of polychaetes (1.3-76 mm) occurred throughout the year, 
but on the whole the greatest numbers were registered at times of greatest 
abundance of P. americanus, which accounted for 79 °/o of all polychaetes 
eaten while S. chrysops and E. microstomus ate I 5.4 and 1.0°/o respectively. 
Polychaete diversity, greatest in spring and fall, showed a higher correlation 
with the variety of fish than with the number. Apparently dependence on a 
particular polychaete species was shown by few predators. 

Two polychaetes were consumed somewhat more commonly than the 
others, Neanthes succinea1 and Ampharete acutifrons (4.3-15.3 mm). Preyed 
upon by five species, 95°/o of the former was taken by P. americanus and 
3 °/o by S. chrysops, primarily in the spring, the season in which it was most 
commonly taken by Sanders' dredge. A. acutifrons, on the other hand, which 
Sanders found to be a year-round member of the fauna, was preyed upon at 
all seasons by three predators. P. americanus consumed 97 ° / o - it formed an 
important segment of their diets, but others were not dependent on this species. 
Both N. succinea and A. acutifrons were relatively more abundant in the 
stomachs than in the dredge samples. Two explanations are possible. Either 

1 Since this paper went to press it was discovered that well digested Neanthes succinea and Lepidono
tus squamatus may have been confused. Some of those listed as the former may have been the latter. 
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the predators actively selected them from other infauna, or their abundance 
increased between 1953-54 and 1955-57. 

Other common polychaetes intermittently noted in the stomachs were the 
Nereidae, N ephthyidae, and Glyceridae. All three families constituted a sig
nificant percentage of the invertebrate fauna at St. I. 

The food item listed as "stuff" occurred occasionally in six polychaete 
predators. The term refers to a white, semi-hard mass which showed no struc
ture. Rarely a polychaete spine was contained in the mass. Since it occurred only 
in polychaete predators, principally in S. chrysops and P. americanus, and some
times contained polychaete remains, it was considered to be a digested mass of 
these organisms. 

Oligochaetes, probably all Clitellio arenarius, occurred only in S. chrysops 
and P. americanus, while the chaetognath, Sagitta sp., occurred once in S. 
chrysops. Neither of these was recorded from the dredge samples at St. I. 

Twelve identified species of copepods ( 0.8-3.0 mm) were consumed in a 
definite seasonal pattern by 20 predators (Fig. I). The greatest number and 
variety were eaten in winter and spring during the time of abundance of 
A. americanus and juvenile clupeoids. Fewer were consumed in the fall during
the abundance of juvenile migrators, and hardly any were eaten during the
summer. Thus, the times when a variety and large number of predators were
consuming the greatest number and variety of copepods were not always
when the latter were most abundant in the plankton (Deevey, 1956). Occa-
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Figure r. Number and variety of copepods consumed by juvenile demersal fish from St. r. 
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sionally large numbers were consumed previous to the peak of abundance (i.e. 
early January 1957) due to active selection by .A. americanus. 

' 

.A. americanus, the principal copepod predator, consumed 79 °/o of the total '
S. chrysops 7 °/o, B. tyrannus nearly 5°/o, and 17 others less than 10 °/0• Due
to the seasonal nature of these predators, the copepods appeared less important
to them than they really were. When the percentages eaten were based only
upon those copepods consumed in the samples in which particular predators
appeared, the importance of these prey to particular predators was emphasized .
.A. americanus ate 93 °/o of the copepods eaten by all species only in the samples
in which sand eels were present. On this basis S. chrysops ate 67 °/o, P. tri
acanthus 34°/o, B. tyrannus 35 °/o, P. carolinus 19 °/o, and all the rest less than 
6 °/o. C. harengus was found to have eaten surprisingly little, less than 1 o/0• 

Fifty per cent of all copepod prey was Temora longicornis, 42 °/0 was 
.Acartia spp., and 4°/o was Pseudodiaptomus coronatus. Eleven species con
stituted the other 4°/o. [Since some copepods were identified only to genus, 
i. e., .Acartia and Centropages, the exact number of species is unknown. Both
.A. clausi and .A. tonsa were identified but seldom counted separately and only
one species of Centropages ( C. hamatus) was identified, although C. typicus
may have been present. Therefore Acartia spp. refers to one or both species,
while Centropages sp. refers to other than C. hamatus.J

Consumption of T. longicornis (both nauplii and adults) by a large number 
and variety of predators occurred principally in the spring and fall (Fig. 1 ). 
Of the 18 predators, A. americanus alone consumed 86 °/o, B. tyrannus 90/0, 
and all others 5°/o. At times, pairs of predators consumed T. longicornis in 
equal amounts: in the fall S. chrysops and P. carolinus, in the winter .A. ameri
canus and B. tyrannus. All four predators were also consuming other prey . 

.Acartia spp. (both nauplii and adults) occurred in the stomachs of 1 5 preda
tors, primarily in spring and fall (Fig. 1). A. americanus ate 87°/o of all that 
were eaten, S. chrysops 7 °/o, and all others 6°/o. 

The midwinter vertical distribution of both T. longicornis and Acartia spp. 
may be an important factor determining their availability. Possibly these cope
pods remained near the bottom during winter (thus accounting for their abun
dance in stomachs) at times of low numbers in the plankton tows. Increased 
availability near the bottom perhaps decreased competition among predators, 
thus allowing M. menidia and others to overwinter at St. I while .A. americanus 
was abundant. 

Pseudodiaptomus coronatus and Lahidocera aestiva were each consumed by 
eight predators, primarily in the fall when they were most abundant in the 
plankton. S. chrysops ate 60 °/o of the former, P. carolinus 23 °/o, and the others 
1 7 ° / o- L. aestiva was more evenly divided between predators than the other 
copepods; .A. americanus consumed 37 °/o, two adult specimens of A. mitchi/li 
ate 30 °/o, S. chrysops 15°/o, .A. pseudoharengus I I 0/o, and all others 7 °/o. Some 
competition may have arisen between first-year S. chrysops, P. carolinus, and 
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A. mitchi!li for these and other copepods, but the first appeared far less
dependent on the copepods than either of the other two. Although L. aestiva
was longer and heavier than other copepods, except for Ca/anus finmarchicus
and Tortanus discaudatus, both of which were consumed in small quantity,
it ranked only fourth in abundance by volume. The total consumed weight of
L. aestiva was less than that of T. longicornis, Acartia spp. or P. coronatus.

The amount of predation upon other species of copepods was not in direct
proportion to their relative abundance in the plankton. Thus, small quantities 
of Paracalanus crassirostris and Pseudocalanus minutus, two of the most abun
dant species in L.I.S., were consumed intermittently. Predators apparently 
preferred the larger copepods, even including juvenile Clupea harengus, which 
in B.I.S. preyed heavily on P. minutus (Sanders, 1952). 

Ostracods and cumaceans were rarely eaten. 
Free-swimming larvae of Ba/anus balanoides, which appeared in L.I.S. from 

January to May, were preyed upon by four species, primarily in February and 
March. Nauplii were eaten in early February, and cyprids (0.8-1.4 mm) were 
consumed from February through April. Eighty per cent of the nauplii and 
33°/o of the cyprids were consumed by 25°/o of A. americanus, whereas 19°/o 
of the nauplii and 61 °/o of the cyprids were eaten by 50 to 60 °/o of B. tyrannus. 
The amount of barnacles consumed by these two fish species was compared 
with the number of consumed T. longicornis which are similar in size. The 
volume of T. longicornis was nearly five times that of cyprids in A. americanus, 
but only one sixth of the volume of cyprids in B.tyrannus. Menhaden con
centrated more on cyprids than any other predator from St. I. Only two other 
fish species, Apeltes quadracus and Alosa pseudoharengus, ate barnacle nauplii, 
and only to a limited extent. 

Mysids (1.3-20 mm), particularly Neomysis americana, were the most 
important prey of the juvenile demersal fish at St. I. They were consumed 
in greater numbers by 77 ° / o of the predators than any other prey except T.

longicornis and Acartia spp., and the latter were of lesser significance because 
of their smaller size. These results corroborated evidence of the importance 
of mysids as demersal fish-food, a point already emphasized by Hopkins (1958). 

N. americana (1.3-13.7) occurred in stomachs from all the samples except
June 20 and July 3, 1956. The numbers fluctuated, but on the whole the 
greatest quantity was consumed in winter and the least in summer (Fig. 2). 
The amount eaten in any given sample generally depended upon the variety 
of predators present although certain inconsistencies were noted which probably 
were due to variations in the availability of mysids. Thus, on December 4, 
1956, 2,000 N. americana occurred in the stomachs of A. pseudoharengus, 
B. tyrannus, M. bi!inearis, and S. aquosus, whereas on January 8, 1957, 72
N. americana occurred, when some of the principal predators of mysids were
absent or had empty stomachs. At this time there were no clupeiods or M bili
nearis, and S. aquosus was empty.
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No predator ate an outstandingly high percentage of N. americana. Nine
specimens of A. pseudoharengus ate a greater amount (19°/o) than any other
predator. About 15 °/o was accounted for by 72°/o of S. aquosus and 620/0 of
M. bilinearis; while 6 °/o of the total number was consumed by 820/0 of
B. tyrannus, 46°/o of M. menidia, 21 °/o of A. americanus, 53°/o of P. carolinus 
75°/o of M. aeneus, and 22 °/o of P. americanus. Competition perhaps occurred
in winter between .A. pseudoharengus, .A. americanus, B. tyrannus, M. menidia,
and S. aquosus, which, with less varied diets, probably depended on mysids more
than P. carolinus, S. chrysops, and P. americanus.

Due to the swarming behavior of N. americana, difficulty arises in estimating
its abundance. It did not occur in the dredge samples, but Deevey (1956)
mentions larvae as "rarely numerous" in the plankton tows for all months but
August. N. americana appeared in small quantities in trawl hauls from February
to May and in September. At present (1960-61) a new sampling program for
epifauna is in progress. Although the dredge, rigged with a stramin net, captures
N. americana, it is too early to estimate the abundance of these organisms.
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Figure 2. Number and variety of mysids consumed by juvenile demersal fish from St. r. 
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One third of the fish species preyed on Heteromysis formosa in May and 
from July through October; however, it was eaten in far less quantity than 
N. americana. Two specimens of Pol!achius virens accounted for 50 °/o, while
C. striatus, S. chrysops, and P. caro!inus ate 34 °/o of the total number. The rest
occurred sporadically in a few fish.

Five Michtheimysis steno!epis were eaten by C. striatus and S. chrysops in 
October. Only these two predators ate all three species of mysids. 

Three species of isopods, Edotea montosa, Cyathura polita, and Idothea sp., 
were eaten by five predators but only rarely. Only the former was found in the 
dredge samples. 

Seventeen amphipods (1.0-15.6 mm), identified at least to genus, were eaten 
by 42 °/o of the predators, chiefly P. americanus, S. chrysops, P. carolinus,
C. striatus, T. adspersus, and E. microstomus. The greatest variety and number
of amphipods were consumed during May and June and from August through
October, corresponding to their seasons of abundance in the dredge samples.
Of these, the Stenothoi! group and the caprellid group, as well as three species,
Ampelisca sp., Leptocheirus pinguis, and Corophium sp., were consumed in the
greatest quantities. Comparisons of the relative abundance of these prey in
the stomachs and in the dredge samples demonstrated differences due to their
behavior. Tube-dwelling amphipods were more frequent in the dredge samples
and less frequent in the stomachs than the non-tube dwellers. In the dredge
samples the tube-dweller, L. pinguis, and the non-tube-dweller, Unciola irrorata,
were the most common, while in the stomachs L. pinguis and the caprellids
were most abundant. Changes in the relative availability of the amphipods may
have occurred - certainly changes in annual relative abundance were noted
in the food.

The caprellids (1.2-1 I.2 mm) as a group, consisting of .Aeginella longicornis,
Caprella linearis, Caprella geometrica, and Caprellid (some of which were not 
one of the others), were most commonly preyed upon from August through 
October; rn °/o by C. striatus, 37°/o by S. chrysops, 12 °/o by T. adspersus,
26°/o by P. americanus, 10 °/o by S. maculatus, and 5°/o by all the others. Three 
of these predators, S. chrysops, one-year-old T. adspersus, and P. americanus
ate hydroids, thereby capturing many caprellids by accident. Zero-year class 
specimens of T. adspersus, C. striatus, and P. carolinus, on the other hand, ate 
little hydroid material. Apparently they hunted caprellids. 

L. pinguis (1.1-15.6 mm), consumed by one third of the predators, was
preyed upon by P. americanus, which ate 68 °/o of all that were eaten, while 
S. chrysops ate 9 °/o, P. carolinus 6°/0, U. regius 5°/0, M. bilinearis 4°/o, and all
the rest 8 °/o. Its occurrence by number in the diets was greater during the
spring of 1957 than at any other time (Fig. 3), but its biomass was less im
portant since most were young of the year. Perhaps a temporary fluctuation
in abundance following a successful breeding season accounted for the greater
proportion of L. pinguis in the stomachs than in the dredge samples.
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The Stenothoif group (1.2-1.9 mm), non-tube-dwellers inhabiting the hy
droid beds, consisted of S. cypris, one S. minuta, and a third unidentified species 
Stenothoif sp., which was not either of the other two. They were consumed
throughout the year, primarily from August through October, by 25 0/0 of
the pre�ators; S. chrysops fed on 41°/o, C. striatus 7 °/o, P. carolinus 10 0;0, 

P. americanus 40°/o, and all others 2 °/o.
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Figure 3. Number and variety of amphipods consumed by juvenile demersal fish from St. 1 • 

.Ampelisca sp.(4.3-11.0 mm) (Ampelisca A of Sanders, 1956) and Corophium
sp. (2.7-5.0 mm) were consumed in small quantities throughout the year by
nearly 30 °/o of the predators. The majority of both was consumed by S.

chrysops and P. americanus. The former ate 29°/o of the .Ampelisca and 18°/o 

of Corophium, and the latter ate 32°/o of the Ampelisca and 58°/o of the Coro
phium. Other predators fed on varying amounts; M. bilinearis 13 °/ o of .Ampe
lisca, C. regalis 8°/o of .Ampelisca, C. striatus 3 °/o of Ampelisca and 5°/o of 
Corophium sp. and P. carolinus ate 12 °/o of Corophium sp. The relative abun
dance of these prey compared to other amphipods was less in the stomachs
than in the dredge samples.

Of the other amphipods, Photis reinhardi, Podoceropsis nitida, Erichthonius
brasiliensis, and Siphonocoetes smithianus, all tube-dwellers, were fed on inter
mittently by IO to 20°/o of the predators. Only E. brasiliensis occurred fre
quently in the dredge samples.
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The total biomass of amphipods taken in the dredge was less than that of 
polychaetes, but they were preyed upon more heavily by a greater variety of 
fish than polychaetes. Their wandering habits and the choice of habitat pro
duced a more available source of food than did the polychaetes. For instance, 
97 °/0 of the specimens of C. striatus, 59°/o of S. chrysops, 58°/o of E. micro
stomus and 55°/o of P. carolinus ate amphipods, while only a few were con
sumers of polychaetes, and only intermittently. In contrast, 50 °/o of P. ameri
canus ate amphipods, but 72°/o ate polychaetes. Nevertheless, the volume or 
biomass of amphipods consumed by P. americanus was almost equal to the 
volume or biomass of polychaetes. Therefore the greater productivity of the 
short-lived two-generation organisms (Sanders, 1956), as compared with long
lived infauna, resulted in a greater contribution to the food supply of the 
demersal fish at St. I than would be evident simply on the basis of standing 
crop measurements. 

Sand tubes, presumably those of amphipods and polychaetes, were occasion
ally eaten. 

Three species of shrimps were consumed, of which Crago septemspinosus2
, 

the sand shrimp (5.1-37 mm), was the only one of any consequence. One 
Palaemonetes vulgaris was eaten by B. tyrannus in January, one Sabinea sarsii 
was eaten by P. americanus in March, in contrast to 883 C. septemspinosus 
which were consumed by I 8 species throughout the whole year. The greatest 
variety of predators occurred in late summer and early fall, and in the spring. 
In winter there were fewer predators due perhaps to their migration into 
deeper water at this time. 

The majority of individuals of seven species had eaten sand shrimp, but 
only four were principal predators; M. bilinearis consumed 24°/o in late winter, 
spring, and summer, P. carolinus ate 21 °/o in summer and fall, U. chuss ate 
18°/o in fall and spring, and M. aeneus ate 9°/o during the winter. Actually, 
M. aeneus and M. bilinearis were the principal winter predators, while M. bilin
earis, U. chuss, P. carolinus, and P. oblongus were the principal summer and
fall predators.

Consumption of the greatest number of shrimp occurred in July, October 
and May (Fig. 4) by about half of the total number of the fish which ate 
N. americana. Correlations between numbers consumed and abundance ascer
tained from plankton tows, dredge and trawl hauls were vague. Larvae occurred
in the spring plankton (Deevey, 1956) and the greatest number of older speci
mens occurred in the dredge from August, December, and April, and in the
trawl from January and February. The majority of those from the trawl in
winter were ovigerous. Accurate analysis of sand shrimp abundance in any
area depends upon knowledge of horizontal and vertical migrations, extent of

• Since this paper went to press, Kent S. Price, Jr. has informed the author (personal communication, 
January 3 r, r962) that L.B. Holthuis recently discovered that the proper name for this species is Crangon 
septemspinosa. 
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swarming, and general life history, all of which are dependent on the develop
ment of proper sampling gear. The sand shrimp was common enough in L.I.S. 
so that serious competition perhaps only arose when the principal predators 
in this case M. bilinearis, U. chuss, and P. carolinus, occurred simultaneouslv'
in late spring and in the fall. , '

The biomass of consumed sand shrimps was compared to that of N. amen·
cana. Rough calculations based upon preliminary weight-length relation
ships demonstrated that one shrimp of average size equalled the weight of 
five average mysids. Since one tenth as many shrimps was consumed as mysids, 
the biomass equalled about half that of mysids. Just the same, the sand shrimp 
was the second most important prey and must be emphasized along with 
the mysids. 

Crabs, both anomurans and brachyurans in nearly equal numbers, were con
sumed in small quantities by a small number of predators. Of the anomurans, 
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79 0/0 was Pagurus spp., listed in this manner to include both P. longicarpus 
and P. pollicaris, which were not always separable. Two other species of this 
group, Upogebia affinis and Callianasa stimpsoni, were eaten in far less abundance. 

Pagurus spp. were consumed in September-October primarily by 20 °/o of 
the predator species but by only l 0/o of the individuals. E.microstomus accounted 
for 36°/o, C. striatus and P. carolinus each ate 16°/o, S. chrysops and P. ameri
canus each ate I 3 ° / o, the rest 6 ° / o-

Of the brachyurans, by far the most common were the panopeids ( 2.9-
5 .o mm). Due to an oversight, two species, Neopanope texana sayi and Panopeus 
herbstii, were not separated. They were consumed most abundantly in October 
and in June, although N. t. sayi appeared in the dredge samples most abun
dantly in winter. The principal predators, T. adspersus and P. americanus, ate 
26°/o and 55°/0 of these crabs respectively. In winter these two were the only 
predators, joined in spring by M. aeneus. In the fall others such as P. carolinus, 
C. striatus, and E. microstomus ate a few.

Nymphon grossipes, of a very small size, was eaten, though only rarely, by
three species, S. chrysops, T. onitis, and P. americanus, in summer and fall. 

Meager predation of mollusks, both pelecypods and gastropods, occurred in 
all seasons with the exception of winter. The greatest diversity was consumed 
and by the greatest variety of predators, in the fall and in May. 

Clams were more popular than snails as food. There were eight predators 
of clams and only five of snails. Eleven per cent of S. chrysops ate 25°/o of the 
clams, 9 °/o P. americanus ate 61 °/o, and 68°;0 of the S. maculatus ate 9 °;0-
Only I 

0/o of S. chrysops ate 4 °/o of the snails, I 2 °/o of P. americanus ate 76 °/o,
and 5 °/o of S. maculatus ate 19 °/o. Apparently S. maculatus depended more 
upon the mollusks than S. chrysops and P. americanus. 

Ensis directus ( l 2. 1 -44 mm) was consumed by seven predators more fre
quently than any other identifiable clam, particularly during summer and fall. 
P. americanus fed on 90 °/o, T. adspersus ate 5°/o, the rest the other 5°/o.
Mulinia sp. was consumed by three species at the same time, primarily by
S. chrysops (75 °/o), P. americanus (18°/o) and S. maculatus (9°/o). "Uniden
tified" clams were probably of the Mulinia group.

During fall and spring, 95°/o of Crepidula spp., which were common 
throughout the year in the dredge samples, occurred in P. americanus, and the 
rest occurred in S. chrysops and E. microstomus. Other species of snails were 
eaten by P. americanus and S. maculatus, but only infrequently. 

Three species of fish (63-153 mm) were consumed by seven predators. The 
prey consisted of .d. mitchilli, both fry and adults, age I M. bilinearis, and age 
I .d. americanus. All three were eaten by M. bilinearis during seasons in which 
each was most available. Other predators, U. regius, C. regalis, .d. americanus, 
included fish rarely in their diets during their first year, while L. americanus, 
probably one of the few almost entirely piscivorous forms in the area, was 
rarely caught. 
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SEASONAL CHANGES IN VARIETY AND AMOUNT OF Fooo 
The less abundant predators, many of which appeared in the winter and 

summer, tended to have less varied diets, while most of the common predators 
which were abundant in the spring and the fall had more omnivorous diets 
(Table III). Thus, seasonal changes (based on 1956-57 only) observed in 
the variety of food for the entire population were dependent on the feeding 
habits of the predators as well as on the availability of the prey. During the 
spring and fall a large variety of food was noted. At these times two omnivorous 
predators, S. chrysops and P. americanus, each of which ate over 50°/0 of the 
prey species, were present along with others such as U. regius, P. carolinus, 
C. striatus, and E. microstomus, which ate I 5-20°/o of all the prey. In summer
S. chrysops and P. americanus were less abundant, and less variety was noted
in the food. During winter a marked decrease in variety occurred while
.A. americanus, M. menidia, and the clupeoids, all of which ate less than 15 0(0 

of the prey, were present in large numbers. Correlations between variety of 
food and variety and numbers of fish showed that when there was a greater
variety of predators present there was a more varied total diet. Variety of
fishes was more important in this respect than total number.

Seasonal changes in the amount of food were based only on the percentages 
of empty stomachs, because counts of prey were not significant in this con
nection, due to their size variation. The highest percentage of empty stomachs 
occurred during late winter and early spring and showed no significant correla
tion with the total number of fish caught (Table I). Assuming that consump
tion of food per fish was no greater during winter than during the rest of the 
year, less total food was consumed in February-March than in the warmer 
seasons. Little growth occurred amongst the predators at this time. In the 
spring rapidly growing juveniles of three age-groups, and in the fall abundant 
first-year juveniles steadily consumed a large amount of food. The surprisingly 
high percentage of empty stomachs which occurred in June and early July 
remains unexplained. 

Fooo OF EACH SPECIES (see Appendix) 
Raja erinacea. Three juvenile skates with full stomachs had eaten T. longi

cornis, N. americana, H. formosa and C. septemspinosus in small numbers. One 
stomach was full of freshly eaten C. septemspinosus weighing 4 °/o of the skate's 
body weight. Comprehensive accounts of the food of adult skates from B.I.S. 
are given in Smith (1950) and of juvenile and adults from both B.I.S. and L.I.S. 
by Richards, et al. (in press). Their data showed R. erinacea to be a carnivore 
all its life; at an early age it subsists on pelagic crustaceans; when older it 
depends on demersal fauna. 

Clupea harengus. Seventy-eight per cent of I 7 o-year class herring and one 
adult, taken in winter and early spring, consumed 14 species of planktonic 
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TABLE III. NUMBER OF EACH SPECIES EXAMINED FROM ST. It, INCLUDING THE 
NUMBER AND PERCENTAGE** OF FISH WITH STOMACHS EMPTY, < 0.5 FULL, 
AND >0.5 FULL; ALSO THE NUMBER OF ALL IDENTIFIED FooD SPECIES 
EATEN BY EACH PREDATOR SPECIES. THE PERCENTAGE OF ALL IDENTIFIED 
FOOD SPECIES BASED ON 113 IDENTIFIED ITEMS. 

,-- No. of stomachs examined� 

Predator Species Empty < 0.5 full > 0.5 full Total Food Spp. 

(No.) (o/o) (No.) (o/o) (No.) (o/o) (No.) (No.) (0/o)** 

Raja erinacea ............. 0 0 0 0 3 100 3 4 4 
Clupea harengus ........... 4 22 4 22 10 56 18 10 9 
Alosa pseudoharengus ....... 0 0 0 0 9 100 9 6 5 
Alosa aesti'Valis ............ 0 0 1 50 1 50 2 4 4 
Bre'Vioortia t; rannus ........ 2 7 4 14 22 79 28 10 9 
Anchoa mitchilli ............ 6 6 5 
Osmerus mordax ........... 2 100 2 4 4 
Merluccius bilinearis ....... 24 21 24 22 63 57 111 11 10 
Pollachius 'Virens ........... 0 0 0 0 22 100 22 11 10 
Urophycis chuss ............ 0 0 0 0 20 95 21 11 10 
Urophycis regius ........... 0 0 1 6 16 94 17 18 16 
Apeltes quadracus .......... 0 0 25 3 75 4 6 5 
Gasterosteus aculeatus* ...... 1 1 1 
Syngnathus Juscus .......... 3 23 7 54 3 23 13 9 8 
Menidia menidia ........... 21 39 17 31 16 30 54 9 8 
Centropristes striatus ........ 0 0 0 0 28 100 28 19 17 
CJ noscion regalis ........... 0 0 3 13 20 87 23 14 13 
Stenotomus chrysops ......... 2 1 11 7 153 92 167 55 49 
Tautogolabrus adspersus ..... 3 11 4 14 17 61 28tt 16 14 
Tautoga onitis ............. 2 50 0 0 2 50 4 6 5 
P holis gunne llus . . . . . . . . . . . . 1 33 0 0 2 67 3 3 3 
Ammodytes americanus ...... 155 53 32 11 103 36 290 14 13 
Poronotus triacanthus ....... 2 14 5 36 7 50 14 5 4 
Gobiosoma ginsburgi ........ 0 0 0 0 1 100 1 3 3 
Prionotus carolinus ......... 6 6 4 4 93 90 103 25 22 
Prionotus e'Volans* ......... 2 2 2 
Myoxocephalus aeneus . ...... 3 11 4 14 21 75 28 9 8 
Paralichthys oblongus ....... 1 13 0 0 7 87 8 2 2 
Scophthalmus aquosus ....... 9 18 6 12 34 70 49 5 4 
Etropus microstomus ........ 0 0 2 17 10 83 12 18 16 
Pseudopleuronectes americanus 17 6 54 19 216 75 287 73 65 
Sphaeroides maculatus ....... 3 14 8 36 11 50 22 14 13 
Lophius americanus ......... 0 0 0 0 100 1 2 2 

t See Appendix for details of food of each predator species. 

** All percentages rounded off to the nearest whole number. 

* No data included in the Appendix for these predator species. 

tt Only 24 fish listed in number of stomachs; stomach condition not noted for four fish. 

4 
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prey, most of which were copepods and mysids. Common copepods 
2.0 mm) formed the bulk of the diet, particularly P. crassirostris, C. hamatus 
and A. clausii. P. minutus, a dominant form in B.I.S. (Deevey, 1952), wa; 
consumed in far greater quantity there (Sanders, 1952) than in L.I.S., where 
the copepod is less abundant. Diatoms and dinoflagellates listed in the Appendix 
perhaps had been eaten by the copepods which were eaten by the herrings. 
A three-year-old male (I-25-57) consumed 170 specimens of N. americana
(7.5-1 I.2 mm). Herring of 40 to 70 mm which were taken from Morris 
Cove and inshore areas near West Haven, Connecticut in 1943, ate both 
N. americana and H. formosa along with copepods and B. balanoides cyprids.
If present in large numbers, the herring might seriously affect the availability
of mysids to other predators.

Alosa pseudoharengus. Nine first-year alewives from December and March 
contained crustacean food dominated in both weight and number by N. ameri
cana. Sixty-seven per cent, all from December, ate copepods (1.7-2.7 mm), the 
largest of which was L. aestiva, while 100°/o ate mysids (2.2-9.4 mm). As 
a matter of fact this predator accounted for nearly 20°/o of all L. aestiva and 
N. americana taken by all predators. Apparently as alewives grow the diet 
changes from only copepods to large copepods and mysids, then to mysids and
fish (Hildebrand and Schroeder, 1928).

Alosa aestivalis. Two o-year class glut herring from February and March 
ate small amounts of copepods. This predator and C. harengus accounted for 
all identified C. hamatus found in the stomachs. 

Brevoortia tyrannus. Menhaden of the o- and 1-year age group, taken in 
winter, were primarily crustacean feeders. Ba/anus nauplii and cyprids, N.

americana, and the larger copepods constituted the bulk of their diet. No green 
food of any kind occurred. Only two menhaden from November had empty 
stomachs, the rest were better than one-half full. Those taken in January had 
consumed primarily T. longicornis and mysids. A single specimen of P. vulgaris
was taken at this time. Those taken in February accounted for the majority 
of the cyprids and a large percentage of barnacle nauplii. No differences were 
noted in the diets of menhaden of different sizes. These results differed from 
those of Peck ( 1894), who examined the food of juvenile and adult menhaden 
from Buzzards Bay in the summer. His results indicated that menhaden were 
primarily herbivorous, with copepods as a supplementary diet. At this time it 
is impossible to decide if seasonal variation produced the different results. 

Anchoa mitchilli. The stomachs of six adult anchovies from St. 1 contained 
crustaceans, principally copepods and mysids. L. aestiva, present in quantity 
in September-October in L.I.S., was eaten by all anchovies in greater numbers 
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than by any other predator at that time, and was of a size ( r .9-2.5 mm) similar 
to that of the mysids (1.5-3.5 mm), which were also consumed. The food of 
the postlarval and juvenile anchovies from the fall tows is discussed in detail by 
Booth (1959). His results showed that more green food remains were taken 
by the smaller anchovies than by the adults, but small copepods were the 
principal diet of the majority of all sizes. Juvenile anchovies are present in 
such enormous quantities in the fall that they may be a factor in the decrease 
in copepod numbers in the plankton at that time (Deevey, 1956). Frequent 
parasitism by Distomum sp. was noted. 

Osmerus mordax. Two smelts, in January, consumed N. americana (5-
6 mm) in greater numbers than any other prey. Specimens of C. septemspinosus 
(av. I 7.4 mm) occurred in the smelt from 1-25-57 and the presence of tube
dwelling amphipods indicated bottom feeding. 

Conger oceanica. One specimen from 1n-22-57 was empty. 

Merluccius hilinearis3. Whiting in the first three years of age consumed 
12 prey species, primarily mysids and shrimps. H.formosa (20 mm) was taken 
only once, but N. americana (5.4-1 I.I mm) and 25°/a of all C. septemspinosus 
(5.1-32 mm) were consumed throughout the year by two-thirds of all the 
whiting. Amphipods (3-14.6 mm), the largest L. pinguis, were eaten in small 
quantities in spring and summer by approximately 12°/o of the I- and 2-year 
fish. An unidentified crab and E. directus (20.6 mm) were consumed only 
once. A. mitchilli (63, 73 mm), A. americanus (av. 85 mm), and M. hilinearis 
(153 mm) were eaten by the two- and three-year-olds at times when the prey 
were most available. Whiting was one of the few piscivorous predators from 
St. I and accounted for the majority of the fish prey. 

During most of the year empty stomachs were infrequent, but from May 
through mid-July, at the time whiting showed evidence of bottom feeding, 
a high percentage of empty or nearly empty stomachs occurred. The highest 
percentage of full stomachs occurred in fall and early spring. Some whiting 
had eaten so much that the superfluity of mysids and shrimps was crammed 
into the gullet and gill cavity. The freshly eaten food of two of these fish was 
weighed. One two-year-old ( r 82 mm, 44.2 g) held in its stomach and gullet 
2.3°/o of its body weight in the form of 78 N. americana (av. 7.8 mm) and 
eight C. septemspinosus (7.5-22.6 mm). The other fish, almost three years 
old (207 mm, 73.5 g), contained 9.4°/o of its body weight in the form of two 
anchovies (63, 73 mm; 6, 9 g). 

One- and two-year-old whiting (73-114 mm, I 15-203 mm), usually 
caught together, showed no differences in their food. Both ate mysids and 
shrimps of equal size, both fed on the bottom in May, June, and July, and 

3 See Jensen and Fritz (1960) which appeared since the completion of this manuscript. 
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both showed an increase in the percentage of empty stomachs at this time. 
However, by the third year, N. americana was no longer included in their diet. 
According to Smith (1950), older whiting from B.I.S. were primarily nekton 
predators, and did not compete with the invertebrate predators. 

Pollachius virens. Twenty-two o-year pollack, caught in middle and late 
spring, consumed I 3 crustacean prey, principally copepods and mysids. Of the 
copepods, C. jinmarchicus (3.0 mm), which is rare in L.I.S., and T. discaudatus 
(1.6-2.0 mm) were consumed in late May. A much more common form, 
P. crassirostris was eaten in greater abundance by pollack than by any other
predator. Other common spring copepods were also consumed. M ysids ( 2. 1 _ 

8.5 mm) were eaten by pollack (38-66 mm) more frequently than any other 
crustaceans. These included young H.formosa (2.1-3.1 mm) as well as N. 
americana, of which about Io O / o was larger than the largest copepods. Large 
fish of the o-year class only (55-66 mm) consumed, in small quantity in late 
May and June, three amphipod species (3.7-6.8 mm) which inhabit hydroid 
beds. 

Enchelyopus cimbrius. One 211-mm rockling from a haul on v-27-57 
contained only sand. 

Urophycis chuss. Only o- and I-year squirrel hakes were examined. Sand, 
a twig, and 10 species of prey were found: three polychaetes, three amphipods, 
two mysids, one shrimp, and one crab (the only specimen of C. stimpsoni). 
C. septemspinosus (3.4-23 mm) formed the basis of the squirrel hakes's diet,
although only I 7 .6 °/o of the total number of shrimp was consumed by this
fish. In any one sample, however, 20 to 100°/o of the shrimp were consumed
by this predator. In two samples (x -16-56, x1-14-56) in which less than 
40°/o of the shrimp was eaten by hake, M. bilinearis, P. oblongus, and P.
carolinus together consumed the greatest portion of this prey.

Consumption of only small proportions of mysids ( 1.5-1 o mm) and amphi
pods (2.2-15.6 mm) was noted. The latter, primarily male L. pinguis (2.2-
1 5. 6 mm) and .Ampelisca sp. ( 1 1 . 3 mm), as well as the presence of sand and a
few polychaetes, provided evidence of bottom feeding in nearly every sample 
in which small hake were present. Although these organisms were never eaten 
in large quantity or to the exclusion of the shrimp, a slightly greater variety 
in the diet was noted from the fall collections than from those of the spring. 

No stomachs were empty, but only one was full of sufficiently fresh material 
to be weighed. This specimen (188 mm, 74 g, v-27-57) ate 3.5°/o of its body 
weight in the form of shrimps which averaged 20.6 mm in length. Slightly 
smaller amphipods, shrimps, and mysids were consumed by specimens between 
86 and I I 5 mm than by those over I 20 mm. 

Urophycis regius. Nineteen identified prey, ranging from hydroids to fish, 
were consumed by I 7 spotted hakes. Amphipods, which usually inhabit 
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hydroid beds (caprellids, S. cypris, etc.) were ingested in small amounts, along 
with T. longicornis, ostracods, both mysids, and a crab. Consumption of a few 
polychaetes and M. tenta occurred in May and June, while ./J. americanus was 
eaten in April. The most common prey of the spotted hakes was L. pinguis 
(small-14.2 mm) and C. septemspinosus (5.9-15.4 mm), most of the latter 
occurring in the fall. The most varied diet was shown by the smallest hakes 
(55-98 mm) during spring. Bottom feeding was evident by some, while others 
consumed pelagic organisms. Late in summer larger specimens (140-144 mm) 
ate only crustaceans, both benthic and pelagic, and in September the largest 
specimen (195 mm) preyed only on pelagic forms. No stomachs were empty. 
One o-year class specimen (58.6 mm, 2.o g) ate 3.9°/o of its body weight in 
the form of ./J. americanus and five N. americana . 

./Jpeltes quadracus. Five prey were consumed by four sticklebacks taken in 
February: three copepods, barnacle larvae, and N. americana. Apparently the 
sticklebacks ate whichever crustaceans were most common. There were 
no empty stomachs and one (47.5 mm, 1.3 g) ate at least 1.4°/o of its body 
weight in the form of mysids and copepods. 

Gasterosteus aculeatus. One three-spined stickleback (II-2-56) was half 
filled with small N. americana. 

Syngnathus fuscus. The pipefish's diet, consisting of nine prey, principally 
crustaceans, varied more during fall than during spring. The o-year class 
(85-120 mm) in fall ate five species of copepods, small N. americana (1.9-
7.1 mm), small S. cypris, and one snail, N. triviattatus, whereas in spring the 
1-year fish (120-178 mm) concentrated only on N. americana. Two copepods,
Eurytemora sp. and .A. depressa, were consumed only by pipefish.

Menidia menidia. During winter and spring nine prey, primarily small 
crustaceans, were consumed by 61 °/o of the silversides of the 1-year class 
(47-97 mm). In early winter the diet included four species of copepods, 
P. coronatus, T. longicornis, L. aestiva, and ../Jcartia spp. ( 1.0-2.0 mm), a fish
egg, and N. americana (4.4-13.8 mm); in midwinter only the mysid and a bit
of algae were consumed. At no time did silversides account for a large percentage
of any common prey. The high percentage of empty stomachs may have been
due to the cold and to possible competition from other predators.

Centropristes striatus. Small sea bass of the o-year class were taken only 
in September-October. Fin-ray counts were similar to those from Chesapeake 
Bay (Hildebrand and Schroeder, 1928) and areas to the east (Bigelow and 
Schroeder, 19 5 3) indicating that these specimens were similar to those outside 
L.I.S. Since no sea bass eggs were recognized within L.I.S. (Wheatland, 1956;
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Richards, 1959), immigrants presumably came from the east, but spent little 
time at St. I. While they were in this vicinity, a varied diet of 20 prey, prin
cipally motile amphipods and small crabs, was consumed. These few sea bass 
accounted for 7 °/o of all amphipods ( 1.2-6.3 mm) consumed by all predators, 
of which the motile forms, caprellids (1.2-6.1 mm), Stenothoif spp. (1.2-
I .9 mm), and E. brasiliensis appeared to be the most important. Aside from 
these, sand, hydroids, a few copepods, three mysids (1.7-8.2 mm), shrimp 
(5.9-1 I.O mm), and two crabs were consumed by all sizes of this year-class. 
Within each sample this predator consumed a rather high percentage of these 
prey, but due to the limited stay at St. 1, the numbers were a small percent
age of the yearly consumption by all predators. However, 11 °/o of the crabs, 
a prey infrequently utilized by the others, was eaten by sea bass. 

Cynoscion regalis. Zero-year class weakfish, caught only once, chose a diet 
of various small crustaceans and an occasional anchovy. C. septemspinosus (up 
to 18 mm) was eaten most frequently. Three species of copepods were also 
consumed, as well as ..dmpelisca sp. (av. 4.1 mm) and Nebalia sp., the latter 
being the only cumacean in the list of prey. The presence of A. mitchi!!i fry 
indicated the preference of weakfish for a fish diet. 

Stenotomus chrysops. Zero-year class scup, taken in large numbers in summer 
and fall, coincided with the one-year-olds only twice, both times in September. 
One-year-olds appeared in late spring and remained until fall, while o-year 
class specimens appeared in fall only. Unfortunately the stomach contents of 
the larger scup preserved poorly, making comparison with the smaller group 
difficult. A large number of prey species was consumed by both ages, a far 
greater variety than by any species except for P. americanus. Scup concentrated 
on polychaetes, amphipods, other crustaceans, and mollusks. Copepods were 
more prevalent in the younger group, while mollusks were more common in 
the older group. 

Fifteen per cent of all polychaetes was found in 40°/o of the scup. Of the 
17 identified species (7.4-30 mm), the greatest diversity was consumed in the 
fall, although in any one sample scup sometimes ate a large percentage of a par
ticular polychaete. These included burrowing, tube-dwelling, and non-bur
rowing forms . ..dmpharete acutifrons (7 .4-8.5 mm), the favorite polychaete prey 
of P. americanus, was consumed intermittently by scup. Others were Nereidae, 
N ephthyidae, P. fragilis, C. gouldii ( < 19.9 mm), and E. dianthus. 

A small percentage of the total copepods (0.8-2.7 mm) was consumed by 
scup less than I oo mm long. Of five species, P. coronatus ( 0.8-1.0 mm) was 
consumed most abundantly along with L. aestiva (2.2-2.7 mm). Both species 
were common in the plankton during the fall. T. longicornis and ..dcartia spp. 
were eaten in spring as well as in fall. Evidently scup ate whichever copepods 
were available. 
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Consumption of I 5 species of amphipods by one third of the scup occurred 
primarily in the fall. One group of five species, the tube-dwellers, P. reinhardi, 
P. nitida, L. pinguis, S. smithianus, and Corophium sp. was consumed less
abundantly than the motile groups, Stenothoe' spp., and the caprellids. Of the
former group, Corophium sp., eaten more than the other four species, usually
was accompanied by Stenothoi! spp. Twenty-eight per cent of all ..dmpefisca sp.
was eaten in the fall; 41 °/o of all Stenothoe' sp. (0.8-1.8 mm) and 38°/o of
all caprellids (1.0-6.3 mm) were eaten during spring-summer and fall. Some
of these were no larger than small copepods and frequently were ingested at
the same time as hydroids.

N. americana (1.8-7.9 mm) was often consumed by only small scup, while
the other mysids, C. septemspinosus, and crabs were eaten by larger o-year 
class specimens. Predation on mollusks was most common by one-year-olds 
longer than 70 mm in summer. Pelecypods, primarily Mufinia sp. and M. tenta, 
were eaten far more abundantly than the gastropods, Crepidufa and ..dcmea sp. 

The greatest diversity of food was not only positively correlated with the 
number of scup examined but also with the total number of all predators 
examined, rather than with either the size of the scup or the season of the year. 
On the other hand, the food diversity of M. bilinearis, an example of a predator 
of few prey species, showed correlation only with the number of whiting 
examined, and none with the total number of all fish examined. A comparison 
of these results indicated the possibility of intra-specific competition in both 
predators and of some inter-specific competition between scup and other mem
bers of the juvenile demersal fish population. 

Ninety-two per cent of the stomachs was full or nearly full. None of the 
contents was weighed, but estimates from known weights of similar-size 
material show that small o-year class scup ate approximately 2 to 4 ° / o of 
their body weight at a time. 

Parasitism by both Ascaris sp. (similar to Linton's, 1901, specimen from 
P. dentatus) and Distomum sp. was prevalent in the o-year class. Approximately
20 °/o of the scup was infested with one or both of these organisms.

Tautogolabrus adspersus. Twenty-four cunners, zero to fourth year, caught 
in spring, summer and fall, ate I 8 identifiable prey, of which crustaceans, 
primarily motile amphipods, were the most important. Small cunners exhibited 
less over-all evidence of bottom feeding than did the larger specimens. Occa
sional polychaetes did not form an important segment of the diet, and small 
numbers of copepods were consumed only by the o-year class. Seven species 
of small amphipods (1.8-4.0 mm) were eaten by all age-groups far more fre
quently than any other prey. Occasional mysids (2-3 mm), shrimps (5.6-16.o 
mm), crabs, and mollusks were primarily eaten by the older cunners. Ten 
per cent of the total caprellids was consumed by I I cunners, while hydroids, 
in which the caprellids live, were eaten only by cunners from 94 to I 38 mm. 
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Very small cunners were apparently able to select the amphipods from the 
hydroids, whereas the older cunners were not able to do so. The only specimen 
of Orchomenella sp. was eaten by a cunner 37 mm long. Empty stomachs 
occurred infrequently and at no particular season. 

Tautoga onitis. Two blackfish, o- and r-year old, ate seven prey, of which 
decapods, amphipods, and E. directus were the most abundant. Two others 
were empty. 

Pho/is gunnellus. Only three rock gunnels were examined, and one was 
empty. Two specimens, from April, ate two polychaetes (N. succinea and 
L. squamatus) and C. linearis .

.Ammodytes americanus. During winter and early spring, one- and two-year
old sand eels, occurring in large schools at St. I, ate Io species of prey, primarily 
pelagic crustaceans. Bottom feeding was shown by only 3 ° / o of this predator. 
Seven species of copepods (1.0-1.8 mm) were consumed, of which T. longi
cornis (1.0-1.8 mm) and .Acartia spp. (1.0-1.2 mm), which included both 
.A. cfausii and .A. tons a, were the most important. Sand eels consumed 8 5 ° /0 of 
T. longicornis, 88°/o of .Acartia spp., the majority of Centropages sp., and few 
P. minutus. Since P. coronatus and L. aestiva were rare in the plankton at this
time, few were consumed.

During winter fewer T. longicornis and .Acartia spp. occurred in plankton 
samples from St. I than during other times of year (Deevey, 1956), yet these 
copepods figured prominently in the sand eel's diet at this time. Some of their 
predators caught in otter trawls also contained sand grains and thus were 
feeding near the bottom. This suggests that these copepods also were concen
trated near the bottom where they would not have been caught quantitatively 
by the plankton net, although .A. tonsa is the only one of these three species 
that is definitely known to prefer bottom waters at this time of the year 
(Conover, 1956). 

Sand eels ate 80°/o of B. balanoides nauplii and 38°/o of the cyprids (0.8-
1.4 mm). Next to B. tyrannus they were the most important barnacle predators. 
The percentage (9 °/o) of N. americana eaten by 21 °/o of the sand eels was small, 
when based upon the total number eaten by all predators all year round. In 
any given sample, however, in which sand eels were present, they ate over 
30 °/o of the N. americana (4.4-13. 7 mm) that were consumed by all species 
in the sample. By volume, compared with copepods, the mysid was of great 
importance. They were usually consumed along with copepods but not always 
simultaneously. Full stomachs were frequently stratified; the mysids were 
packed into one area and the copepods into another. Apparently sand eels 
passed through a swarm of mysids while feeding. Such obvious changes in diet 
were rare among the species from St. 1, and reflected the patchiness of the 
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zooplankton and larger crustaceans. The reason for a predator leaving one 
source of food and passing on to another is not known, but similar behavior 
by Oncorhynchus keta and 0. gorbuscha was noted by Allen and Aron (1958) 
from the western Pacific. One E. cirrzbrius egg and four sand eel larvae were 
consumed. 

Seasonal changes in the diet were noted. During January quantities of 
T. longicornis, and .Acartia spp., some L. aestiva, and N. americana were 
consumed by nearly all of the sand eels. In February some Centropages sp., 
T. longicornis, .Acartia spp., and a few N. americana were consumed along with
barnacle nauplii and cyprids. By March and April an increase in both numbers
and variety of copepods, an increase in mysids, and a decrease in barnacles
were noted. Diet changes were affected more by fluctuations in plankton con
stituents than by number of zooplankton predators. Food diversity was not
correlated with an increase in either sand eels only or in total predators. How
ever, the amount of food, as measured by the number of empty stomachs,
appeared to diminish at the time isospondylous and sublittoral species invaded
St. 1. In February few empty stomachs were noted, but throughout early
spring the proportion of empty stomachs increased; whether this was due to
competition or cold water temperature is at present unknown.

Eight sand eel stomachs and esophagi, full of freshly eaten material, were 
weighed (Table IV). On the average, they ate 3 to 4°/o of their body weight. 
A full stomach of mysids weighed more than one full of copepods and cyprids. 
Since few sand eels ever contained well digested contents and all were taken 
before IO A.M., they apparently ate soon after daylight. We know nothing 
of their feeding habits later in the day. 

The food of one- and two-year-olds was similar to that listed by Covill 
(1959) for postlarvae. No differences were noted in the amount or variety of 
food between the older age groups. No internal parasites were noted. 

Poronotus triacanthus. The stomach contents of most of the o-year class 
butterfish were difficult to identify due to digestion. Available crustaceans 
formed the majority of prey, of which six were partially recognized. Of these, 
.Acartia spp. were eaten by 65 °/o of the butterfish. One acanthocephalid parasite 
was noted. 

Gobiosoma ginsburgi. One naked goby, 27. I mm, was full of three species 
of prey, C. luridus, Corophium sp., and H.formosa (4.8 mm). 

Prionotus carolinus. Zero-year class searobins, one of the more common 
species at St. 1, appeared in September through November and one- and two
year-old specimens were present from May through summer. They were 
omnivorous crustacean feeders interested primarily in mysids and shrimps. 
A few other organisms, such as N. pelagica and .A. mitchilli larvae, were also 
consumed. 



Bulletin of the Bingham Oceanographic Collection 
I 

[XVIII I: 

TABLE IV. NUMBER, WEIGHT, AND PERCENTAGE OF Bo DY WEIGHT OF THE PREY 
OF EIGHT A. americanus FROM ST. l. 

,-- Fish� Food 0/0 of fish Stomach Contents 
Date SL wgt. wgt. body wgt. by Species 

(mm) (g) (mg) 

IV-2-56 ....... 91.5 2.3 84.4 3.7 3 9  T. longicornis 
4 Acartia sp. 

25 Balanus balanoides cyprids 
3 copepods unident. 

IV-2-56 ....... 94.9 2.7 2 3 6.9 8.7 17 4 T. longicornis 
22 9 Acartia sp. 

17 N. americana 
IV-2-56 ....... 92.1 2.5 175.7 7.0 2 1  T. longicornis 

5 Acartia sp. 
9 N. americana 

IV-2-56 .. ..... 95.9 2.6 1 6 4.4 6.3 4 3 3  T. longicornis 
356 Acartia sp. 

5 cyprids 
1 N. americana 
4 A. americanus larvae 

IV- 30-56 ...... 94.8 2.9 80.2 2.8 32 9 T. longicornis 
1 8  Acartia clausi 

l cyprid 
IV- 30-56 ...... 96.3 3.2 93.7 2.9 2 7 5 T. longicornis 

5 Acartia sp. 
125 cyprids 

IV- 30-56 ...... 10 3.9 4.4 1 37.2 3.1 
IV- 30-56 ...... 10 6.l 4.8 12 4.4 2.6 358 T. longicornis 

5 Acartia sp. 
40 cyprids 

Crustacean prey depended to some extent upon the size of the searobin. 
Those under 75 mm long ate five species of copepods (0.8-2.8 mm), of which 
P. coronatus and T. longicornis were most abundant, and nine species of amphi
pods ( 1.9-14.6 mm), both tube-dwellers and non-tube-dwellers; the older
predators ate four kinds of amphipods. The small variety may be due to the
lack of numbers of older specimens available for examination. S. cypris, L. pin
guis, and various caprellids were the most important prey in both age groups.
Searobins of all ages frequently contained sand. N. americana ( 1.9-7 .8 mm)
and a few Pagurus spp. (2.5 mm) were consumed by small specimens, while
C. septemspinosus (5.0-19.6 mm) and only one crab appeared in older sea
robins.

Seasonal changes in the diets reflected the occurrence of different age groups. 
Predation of copepods and amphipods was greatest in fall when small specimens 
were common, whereas mysids and shrimp were consumed whenever sea-
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robins of all ages were available. Although wide food diversity was shown by 
single individuals, on the whole a significantly greater diversity was shown by 
the younger specimens. A small percentage of empty stomachs occurred, yet 
no searobin had a stomach full of fresh material. 

Prionotus evolans. No o-year class striped searobins were present at St. I. 

Only two adults were caught and they had eaten N. americana and C. septem
spinosus (8.1-17.4 mm). 

Myoxocephalus aeneus. Second- and third-year brassy sculpins were caught 
during winter and spring, 75 °/o of which was female, and all but four were 
ripe. They consumed nine prey, primarily crustaceans. Although 12 °/0 of the 
stomachs was empty at this time, a one-year-old ripe female (88 mm, 22 g) 
consumed 5.4°/o of its body weight in the form of L. pinguis, two shrimp (av. 
20 mm), and seven mysids. The food diversity was directly related to the num
ber of sculpins examined. Seventy-five per cent ate N. americana (5.0-13.5 mm) 
while 61 ° /o ate C. septemspinosus (13.3-37.0 mm). Two amphipods, L. pinguis 
and P. reinhardi, a crab, algae, N. succinea, and A. americanus larvae also 
occurred in their stomachs. 

Paralichthys oblongus. Eight o-year class fourspot flounders, caught in Sep
tember-October, consumed two organisms, N. americana (3.2-7.4 mm) oc
casionally and C. septemspinosus (5.3-23.2 mm) more regularly. 

Scophthalmus aquosus. Of all predators at St. 1, the windowpane had the 
most limited diet; the food diversity was in no way correlated with the number 
of windowpanes examined. Of the five species of prey consumed by zero- and 
one-year-olds, N. americana (2.9-12.5 mm) was the most important. Ninety 
per cent of all windowpanes which ate at all consumed 16°/o of all mysids. 
In one-half of the samples which contained windowpanes they consumed 
N. americana exclusively. Even so, this predator constituted only 8 °/0 of all
fish preying on mysids; juvenile whiting and alewives ate more mysids than
the windowpane. Smith (1950) felt that within B.I.S., where mysid predators
were less abundant, competition was not a serious factor for the windowpane.
In L.I.S., on the other hand, the many mysid predators, particularly in fall,
winter, and early spring, perhaps created competition which caused the slower
growth rate of windowpane, compared to that in B.I.S., mentioned by Moore
( 194 7 ). A few T. longicornis were taken by a few small specimens, C. septem
spinosus (8. 2- 1 I. 5 mm) by I 4 ° / o of all windowpanes, and H. formosa and
E. directus (44 mm) each occurred once. No seasonal changes were noted in
the diet. Stomach contents of a one-year-old windowpane ( I 32 mm, 48 g)
were weighed. However, digestion had begun so that 68 mysids constituted
only I. I 0/o of the fish's weight.
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Etropus microstomus. Records of occurrences of smallmouth flounders in 
southern New England waters are rare. In fact, little is known of their dis
tribution or life history except that the range extends from Florida to Cape 
Cod. Parr (1931) claimed that in Delaware Bay it is most common in shallow 
water, but Shuster (1959) does not list this species. Two females, 69 and 
77 mm, almost ripe, caught by oyster suction dredge, v1-30-52, south of 
Milford, Connecticut, raised the possibility that this species may mature in 
its second year and spawn in L.I.S. 

Twelve smallmouth flounders, o- and 1-year old(?), caught between 
July 31 and December 4, 1956, consumed 19 identifiable prey species, 
primarily polychaetes and crustaceans. No particular prey dominated, but 
amphipods and hermit crabs were eaten most frequently. One unidentified 
small sponge, a piece of hydroid, nemerteans, Edotea sp., a crab, Crepidula sp., 
and sand appeared in the stomachs. Four identified polychaetes (7-4-26.5 mm) 
contributed little to the total volume with the exception of the largest, N.caeca. 
Of the amphipods (3.1-8.8 mm), Ampelisca sp. was most frequently consumed 
although five other species occurred in nearly every fish. Small N. americana 

(r.6-6.6 mm) occurred more frequently than C. septemspinosus (2.4-14.3 mm). 
Pagurids (3. I -3.8 mm) were the most consistent prey; they were consumed 
more frequently by smallmouth flounders than by any other predator. No 
empty stomachs were noted, yet none was full enough to be weighed. 

Pseudopleuronectes americanus. Winter flounders, of the first two years of 
age, taken in nearly every sample, were omnivorous. They ate a greater 
variety of food (73 identified prey) than any other demersal fish from St. 1. 

Hydroids, nemerteans, polychaetes, amphipods, decapods, and pelecypods pro
vided most of the diet. Only scup demonstrated a comparable omnivorous diet. 

Hydroids and nemerteans were not counted. The former were eaten by 
21 °/o of the winter flounders, primarily in spring and fall. Nemerteans, of 
which C. luridus was the most common - the others remained unidentified, 
were eaten by 40°/o of the flounders. 

Eighty per cent of all polychaetes was consumed by 72°/o of the winter 
flounders throughout the year. Among these, 33 species were wholly or 
partially identified, the most important of which were N. sue cine a ( see ftn. I) 
and A. acutifrons. Consumption of N. succinea (c 2 mm-+20 mm) by 24°/o of 
the flounders of all ages occurred primarily in winter and spring 1956-57. 
These fish accounted for 9 I 0/o of the predators of this polychaete. Consumption 
of A. acutifrons (3.6-15.3 mm), by 37 °/o of the flounders of all ages, con
stituting 90 °/o of all its predators, occurred throughout the year, but in greatest 
numbers in the fall. The majority of four other polychaetes, S. gracilis (in May 
only), N. incisa (all year), Glycera spp. (all year), F. afjinis (fall and spring), 
and various nereids as a group, were consumed by less than 1 o O / o of the 
flounders. Some of the other polychaetes were more commonly consumed by 
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scup, such as the capitellids, A. fabricii, and E. dianthus. Nevertheless, all 
polychaetes, whether free-swimmers, crawlers, or tube-dwellers, were vulner
able to the flounder. 

Half of the winter flounders contained 41 °/o of all amphipods consumed. 
Fourteen species were identified, of which L. pinguis (2.1-14.6 mm) was the 
most important. Although it was found in 28 °/o of the flounders, the latter 
accounted for two-thirds of the total consumption of this species and con
stituted one-half of its total predators, primarily in the winter and spring. 
Other amphipods frequently eaten were Ampelisca sp. (4.3-11 mm-fall, winter, 
and spring), Stenothoi! sp. (fall), P. nitida (1.6-5.4 mm), S. smithianus (3.1-
7.1 mm), Corophium sp. (1.7-5.0 mm), and various caprellids (2.0-1 I.2 mm), 
the last four, in late spring and fall, along with hydroids. Although winter 
flounders ate nearly all amphipod prey listed from St. 1, the numbers and 
variety were less than the polychaetes. 

Two isopods, two shrimps, a mysid, and four crabs were eaten. N. americana 
(2.7-11.5 mm) was found in 26°/o of the flounders, primarily first year spec
imens and only during winter and spring. Three of the four crab species 
(Pagurus spp., U. a/finis, and a panopeid) were frequently consumed by all 
ages, but never in large numbers. 

Consumption of ten mollusks, six pelecypods, and four gastropods occurred 
in all seasons except winter, primarily by the older group. Of the first, 
E. directus ( 12. 1-3 l mm) was eaten in the greatest quantity in summer, and
of the gastropods, Crepidula sp. was consumed primarily in fall and spring.
Others, such as Mulinia sp., Acmea sp., and M. lunata occurred intermittently.

In general, during winter the flounder concentrated on N. succinea and 
A. acutifrons, but it also consumed about one-half of the total variety of amphipods
as well as a few N. americana. By spring a few mollusks and mysids were
combined with many amphipods and polychaetes of large variety, but in sum
mer, a greater number of mollusks was consumed along with fewer amphipods
and polychaetes than in spring. During the fall, the number and variety of
mollusks and amphipods, and the number of A. acutifrons increased, while the
total variety of polychaetes decreased.

Seasonal changes in the type of prey consumed were due in part to the 
availability of the latter and also to the numbers and ages of the predators. 
Consumption of N. succinea and A. acutifrons occurred in greatest numbers 
among all ages at times of their greatest abundance as given by Sanders ( l 9 5 6 ). 
Small L. pinguis were preyed upon during their peak of abundance following 
the breeding season. Instances of availability effects, however, were not always 
so obvious. Reasons for other fluctuations in the diet, such as lack of mollusks 
during winter, were obscure. 

Correlations between the food diversity and the total number of flounders 
were sometimes close. The greatest number of young flounders occurred in 
fall and spring, accompanied by an increase in numbers and variety of amphi-
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pods and polychaetes in spring and of mollusks and amphipods in the fall. In 
order to test the significance of the predator's age, the diversity of the food of 
each age-group in each season was compared. Table V shows that the food 
diversity of each age, highest in spring and fall, was not always proportional 
to the number of fish within each age grouping. Some other factors besides 
number was partially responsible for some of the diversity fluctuations. 

TABLE V. SUMMARY OF THE SEASONAL FOOD DIVERSITY* OF FIRST THROUGH 
THIRD YEAR CLASSES OF P. americanus TAKEN AT ST. 1, 195 6-5 7 ONLY. 
N = NUMBER OF FISH; D. I. = DIVERSITY INDEX. 

Year class 

First Second Third Total 

Season N D. I. N D. I. N D. I. N D. I. 

Fall ........... 8 4.16 3 1  5.6 6 3 2.5 1 42 5.73 
Winter ......... 3 1  3.5 3 2 4 3.93 2 0.78 5 7  4.14 
Spring ......... 84 6.3 8 13 5.3 4 1 1.5 5 98 7.20 
Summer ....... 13 3.71 5 3.60 1 0.87 19 5.72 

* Diversity Index S- r/logeN, where Sis the number of prey species, N the number of individual 
prey (Margalef, 19 5 8). 

Although differences were demonstrated in diets of each age group, there 
were sufficient similarities to raise the question of inter-age competition, 
particularly during the time of invasion of St. r by the r-year class. To test 
this hypothesis, two methods of analysis were employed. The first was the 
simple diversity index mentioned above, which is based on the formula d= S r/ 
loge N, where S equals the number of species and N equals the number of 
individuals (Margalef, 1958). Indices were computed for polychaetes, crus
taceans, and mollusks and compared between each age-group in each season. 
Secondly, an index of "competitive independence" taken from Smith (1950) 
was computed for the same groups of prey and compared between each age
group in each season. The competitive independence score is based upon the 
percentage of a prey in the diet of each age-group multiplied by the percentage 
in the diet of all age groups. A complete discussion and derivation of the 
formula for this index appears in Smith (1950) and Richards (1963b; this 
issue). Suffice it to state here that the scores resulted in figures between zero 
and one; a high score indicated an ability of an age group to eat a particular 
species of prey with little interference from the other age groups. A low score 
indicated that only a small or a similar amount of a particular prey was con
sumed compared to the other age groups. The results of the two analyses are 
given in Fig. 5.
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Figure 5. Seasonal changes in the diversity and competitive independence indices for polychaetes, 
crustaceans, and mollusks eaten by the first and second year P. amerianus from St. I. 

Within the polychaetes, the group contammg the most species, parallel 
fluctuations in diversity occurred while the scores of competitive independence 
varied between ages of fish. The ability of the two-year-olds to consume poly
chaetes was greater than that of the 1-year class. The former fed more con
sistently on polychaetes as their diversity increased in the spring. This does 
not signify that competition forced a more diversified diet among the two 
year-olds; perhaps they were more interested in polychaetes than the 1-year 
fish. Comparison of the competitive independence scores in each age group 
for the two common polychaetes, N. succinea and ..d. acutifrons, showed sea
sonal variations in their ability to eat these prey. Both fed most successfully 
on N. succinea in winter but neither relied heavily on it. The 2-year class fed 
successfully on ..d. acutifrons in winter and spring, while the 1-year group con
sumed them primarily in the fall and spring. 

Although over-all seasonal fluctuations in diversity of amphipods, eaten by 
both age groups of flounders, were small, differences between the age groups 
were obvious while the scores of competitive independence were almost equal. 
During the winter the 1-year class fed on a less diversified group of amphipods 
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than did the 2-year class, but in spring and summer the two age groups showed
less noticeable diversity differences. In fall the 1-year invaders ate a wider 
selection of amphipods than the older group, although during this season the 
latter ate a greater quantity of amphipods than during the rest of the year. 
Variations in the ability of the year classes to feed on the most popular amphi
pod, L. pinguis, were insignificant. Differences in the utilization of this prey 
perhaps were more marked between juveniles and adults than within the 
juvenile age groups. 

N. americana, on the other hand, was consumed in winter and spring by
the 1 -year fish and seldom by the two-year-olds. The availability of N. ameri
cana to the youngest fish perhaps prevented their competition with the older 
flounders at this time. However, other predators were eating mysids in large 
numbers. 

Between seasons, the consumption of mollusks varied widely, but comparison 
of different ages showed parallel fluctuations in diversity throughout the year 
along with parallel fluctuations in the competitive independence scores. As 
previously noted, no mollusks were consumed during the winter. In summer, 
two-year-olds fed on a variety, while one-year-olds concentrated on E. directus. 
By fall there was a noticeable increase in the amount of mollusks consumed by 
the two-year-olds. In fact, availability of mollusks may have contributed to 
the decreased interest shown by the two-year-olds in polychaetes at that time. 

Some relationships between the diversity indices of a group of prey and the 
competitive independence scores of an individual prey species were noted. 
Thus, groups with the most seasonal variation in diversity usually showed 
greatest variation in competitive scores for a single species. The availability of 
a single species or even of a diverse group varied enough during the year to 
have a marked effect upon the ability of all the fish to feed on it. Thus, as 
the availability (as measured by diversity) of the polychaete and amphipod 
prey of the two-year-olds increased, the one-year-olds tended to feed less upon 
these organisms. Conclusive evidence of competition was not demonstrated, 
but from the data at hand, the I- and 2-year age groups were not constantly 
competing. The possibility that all juveniles competed with the adults has 
yet to be investigated. 

Little seasonal differences were noted in the sizes of the prey within the 
different year classes. Copopods occurred occasionally in fish under 50 mm, 
together with nemerteans. Small N. succinea and amphipods, such as S. cypris, 
occurred in small flounders. Consumption of both large and small specimens 
of a prey, such as L. pinguis in May, tended to be divided between year classes. 
The small specimens were more common in the smaller flounders, while the 
large specimens occurred more frequently in the larger fish. Above 60 mm, 
omnivorousness increased, perhaps accounting for some of the increased food 
diversity during the spring at the time of the resumption of growth by the 
1-year fish.
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Only three other species of fish were considered as possible serious competi
tors, namely S. chrysops, P. carolinus, and E. microstomus. At times of mutual 
abundance, particularly in the fall and in May, they preyed upon some of the 
same polychaetes and amphipods that the winter flounder fed upon. Further 
analyses of these interrelationships are planned. 

Empty stomachs occurred only in winter and early spring. At this time the 
one-year-olds were the most abundant; thus the majority of empty stomachs 
was in this group. Only two fish had stomachs full enough to be weighed. 
One, 89.5 mm, I 1.9 g, consumed 3.1 °/o of its body weight in the form of 
45 N. americana, and the other, 103.2 mm, 21.4 g, consumed 2.3°/o of its 
body weight in the form of 9 I N. americana. 

Flounders of all ages from St. I were parasitized. Anywhere from 50 to 
100°/0 of them in a single sample contained an Ascaris sp., similar to that 
found in the gut of S. chrysops. A few were infested with Distomum sp., also 
similar to that of .d. mitchilli and S. chrysops. 

Sphaeroides maculatus. Two 1-year class and 20 a-year class puffers were 
examined from August through the middle of October. They ate a diet of 
polychaetes, crustaceans, and mollusks. An unidentified hydroid, three poly
chaete species (of which A. iricolor, 76 mm, was the largest prey consumed), 
five amphipods, and a hermit crab occurred occasionally. C. linearis (2.8-
4.1 mm), consumed by 36°/o of the puffers, was the most important crustacean. 
Pelecypods, primarily Mulinia sp., which was consumed by 60°/o of the puffers, 
E. directus, and an occasional gastropod, such as R. caniculatum, constituted a
greater proportion of the puffer's diet than that of any other predator. Only
one-year-old scup consumed comparable amounts of molluskan material.
Three stomachs were empty, many (36°/o) contained well digested contents,
and none was full enough to be weighed.

Lophius americanus. One specimen, 195 mm, from January 8, 1957, had 
eaten one M. bilinearis (c I 20 mm) and two large C. septemspinosus. This 
species is one of the few piscivorous demersal fish in L.I.S. 

DISCUSSION 

Station 1, characterized by a high percentage of sand, shell, and gravel, is 
occupied by a biomass of epifauna five times that of the infauna (Sanders, 1956). 
Due to its abundance, the epifauna was expected to dominate the diets of the 
demersal fish. That this was so is evident from the results. Few other correla
tions were discovered between the relative abundance of prey in the fish stom
achs and in the dredge samples. There are several reasons why this is so; 
changes in abundance may have occurred between the time of the dredge 
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samples (1953-54) and the time of the trawl hauls (1955-57), and more
importantly the dredge was not adapted to catch the motile free-swimming 
crustaceans. Detailed comparisons between data from bottom dredge samples 
and demersal fish diets must await the information from the present epifauna 
sampling program. Fish selected certain prey, not only those which were not 
caught by Sander's dredge, such as Neomysis americana and the copepods, but 
also certain less common amphipods, hermit crabs, and polychaetes. They 
also fed in areas of muddier sediments in juxtaposition with the sand-shell 
zone, which contained bottom fauna not listed from St. I. 

Although polychaetes were constantly preyed upon by P. americanus, which 
constituted at least half of the juvenile fish, these prey were not as important 
a fish food at St. I as the crustaceans. The winter flounder was the only fish 
which ate two polychaetes, Ampharete acutifrons and Neanthes succinea, in 
numbers comparable to certain crustaceans. Consumption of other species 
occurred intermittently by a few predators. Different groups of prey, such as 
mollusks and hydroids, were even less important than polychaetes. 

Crustaceans were the most important food. Of these, Neomysis americana 
was consumed more abundantly, as judged both by numbers and by weight, 
than any other prey and by the greatest variety and number of predators. Only 
Crago septemspinosus, consumed by a far lesser number and variety of fish, 
approximated the volume of N. americana. Other prey formed a significant 
portion of some diets by number, but not by volume, i. e., Temora longicornis, 
Acartia spp., and Pseudodiaptomus coronatus, while some were volumetrically 
more important, such as Leptocheirus pinguis, the caprellids, and other non-tube
dwelling amphipods. 

In many cases fluctuations in variety of diet were directly related to the 
numbers of specimens of a predator examined. Examples of positive correlations 
were found primarily amongst the omnivorous species, such as S. chrysops, 
M. aeneus, E. microstomus, and P. americanus. Increase in the number of
stomachs examined led naturally to an increase in the variety of the food of
these species. Whether an increased abundance of omnivorous fish at St. I 

was directly related to their ability to select a greater variety of food and thereby
lessen the effects of competition is unknown. At this time there is no way of 
accurately measuring the difference between the effect of numbers of stomachs
examined and the predator's abundance since the numbers examined were not
proportional to the abundance. In contrast, an example of a diet which did not 
fluctuate in variety with numbers of stomachs examined or with the predator's
abundance at St. I was that of Scophthalmus aquosus. In this species the possi
bility of competition was not reflected in the variety of its diet. It may be 
reasonably assumed that competition between stenophagous predators might 
produce the absence of one or more of them, whereas competition between 
stenophagous predators might force one or more to seek a greater variety of 
food without decreasing their abundance. 
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The possibility of interspecific competition arising from the dependence of 
a variety of fish upon so few species of similar size can not be analyzed at 
present, thus only preliminary evidence of possible competition is presented. 
Such evidence is based primarily on size, seasonal presence of empty stomachs, 
and on subjective considerations. For example, the adult size of S. aquosus in 
L.I.S. is less than that of B.I.S. S. aquosus, primarily a mysid feeder in both
areas, may have difficulty eating as much in L.I.S. where there are so many
mysid predators, thus slowing its growth rate. An example of the second
piece of evidence occurred in L.I.S. in late winter. Many predators, with
similar diets, which invaded St. I simultaneously, had empty stomachs. Two
factors could cause this result: competition or low water temperature. The
latter could be of advantage to these fish. A decrease in appetite and an increase
in prey availability due to the cold would allow A. americanus, M. menidia,
and the clupeoids to coexist during the time of minimum feeding and growth
rates. Thirdly, competition between the C. septemspinosus predators, M. biline
aris, U. chuss, and P. carolinus, as well as between the two omnivorous pre
dators, P. americanus and S. chrysops in the fall, is a distinct possibility on the
basis of the available evidence.

The similarity of the trophic level (see also Darnell, 1958; Larkin, 1956) 
shown by all species within the juvenile demersal fish population may also pro
duce competition. At St. I all species belonged primarily to the third level 
of the food chain - consumers of herbivores and detritus-feeders. Three species, 
M. bilinearis, C. regalis, and L. americanus, showed tendencies toward the
fourth level as they grew older. Few supplemented their diets by being herbi
vorous themselves. Even in the postlarval stage those which have been investi
gated were not entirely herbivorous (Covill, 1959; Booth, 1959; Richards,
unpubl.), but they relied heavily on copepod nauplii. If the trophic level of 
each species be figured on the basis of weight or volume of food, the importance
of the third stage is increased to the detriment of the second and fourth stages.
A superabundance of herbivorous and detritus-feeding prey may be responsible
for the ability of the demersal fish community to maintain so many juveniles
in the same trophic level, but two effects may result. A large number of species
in this trophic level may provide food for a number of second-stage pelagic
carnivores, such as Roccus saxatilis and Pomatomus saltatrix, which are season
ally abundant in L.I.S. The effect of these predators on the demersal and sub
littoral fish communities is unknown. Secondly, competition within the de
mersal fish population may result in a generally lowered fish productivity.

Fish productivity at St. I was figured on the basis of the weight of food eaten 
by a fish in a day in those species whose stomachs were full of freshly eaten 
material and were weighed, on efficiency of conversion figures based on 
Dawes' ( r 9 3 I) work on plaice, and on standing crop of fish at St. I (Richards, 
1963a; this issue). Such figures are of necessity crude, and various factors 
affecting them can be divided into three categories: sampling error, fish behavior 
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variations, and nutritional variations of the prey. It is assumed that the catch
of the fishing gear accurately reflected the amount of fish in the area. Seasonal
changes in the amount of food consumed were assumed to average out. Un
certainty existed as to the number of times a fish ate in a day. The assumption 
that the fish ate once is based on the fact that the percentage of body weight of
food per day eaten by the flounder was similar to that found experimentally by 
Pearcy ( I 960) and that the range of variation of the percentage of food per day 
of all weighed stomachs was similar to that found experimentally by Krohkin 
(1957) for the sockeye salmon and the three-spined stickleback. If juveniles 
from St. I ate twice a day or more or less continuously (evidence for which is 
scarce) and all the figures in Table VI are doubled, the productivity estimates 
are still low. Despite the various possibilities of error it seemed desirable to 
estimate production and efficiency of trophic level conversion (see Table VI). 

On the sand-shell bottom the approximate productivity of juvenile demersal 
fish which ate both infauna and epifauna was less than 10°/o of the productivity 
of all demersal fish in the English Channel, and the efficiency of conversion 
of bottom fauna into young fish was far less at St. r than in the Channel. N 0 

direct estimates of adult productivity were available. If we assume that the 
adults at St. I ate the same amount of food as the juveniles, then the yearly 
production was 50°/o while the trophic level conversion was 67°/o of those 
in the English Channel. Since adults may have eaten less, percentagewise, than 
the juveniles, these estimates for St. I are perhaps high. 

The same methods, applied to P. americanus alone, showed a juvenile pro
duction of 0.06 g/m2/yr. On the basis of the amount of food it consumed, the 
productivity of infauna appeared sufficient to support this species without 
additional epifauna in its diet. Trophic level conversion figures were based on 
the consumption of both epi- and infauna, so figures for both together as well 
as for infauna separately are included in Table VI. The efficiency of con
version for infauna alone was six times that of infauna and epifauna combined, 
due to the enormous standing crop of epifauna at St. I. Based either way, 
however, the efficiencies appeared to be low. Thus the most abundant juvenile 
predator did not appear to make maximum use of its available food. 

Since Riley's (1955) explanation for the fish productivity in L.I.S. applied 
to the Sound as a whole, with particular reference to the mud bottom, which 
constitutes the major portion of the bottom of L.I.S., a partial explanation for 
the low productivity on the sand-shell area is necessary. In the first place, 
data collected by a net, which is 20' wide at the mouth, perhaps should not be 
compared with those from commercial operations. Secondly, production figures 
from St. I alone may be low, since many fish caught at St. I spend much of 
their growing season in other areas. Thirdly, possible competition from inverte
brates and between some fish may result in slow growth rates and small 
resultant adult sizes, and fourthly, abundant zooplankton and small pelagic 
crustaceans may be available only to those abundant species which never grow 
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TABLE VJ. PRODUCTIVITY OF JUVENILE DEMERSAL FISH FROM ST. 1 (WET WEIGHT), 
BASED ON THE PERCENTAGE OF BODY WEIGHT IN FOOD CONSUMED/DAY. 
INVERTEBRATE STANDING CROP FROM SANDERS (1956); FISH STANDING CROPS 

FROM RICHARDS (1963a; THIS IssuE); EFFICIENCY FIGURES OF DAWES ( 193 1) 
FOR THE PLAICE. EPIF. = EPIFAUNA; INF. = INFAUNA. 

Juv.of 
all spp. 

eatingepif. 
and inf. 

Av. 0/0 of body weight 
in food/day ..... . 

Av. stand. crop of de
mersal fish (g/m•) . 

Total wgt. of food/yr. 
(g/m• ) .......... . 

Eff. of conversion 
Range .......... . 
Av . ............ . 

Product. of demersal 
fish 
Range (g/m•/yr.) .. 
Av . ............ . 
Eng. Channel 

(g/m•/yr.) ..... . 
Invert. Product. 

(g/m•) 
Epif. and inf ..... . 
Inf. only ........ . 

Troph. level conver. -
0/0 of invert. pro
duct. conv. to fish 
product. 
L.I.S ...•......... 
Eng. Channel . .... 

4.2 

.07 

1.0 

2.3-17.8 
7.0 

.5-.06 
.15 

7 3  

.2 

Juv. P. americanus

eating 
epif. and inf. 

inf. only 

2.8 

.0 3 

0.4 

2.3-1 7.8 
7.0 

.17-.02 
.06 

7 3  

.0 8 

2.8 

.0 3 

0.4 

2.3- 17.8 
7.0 

.17-.0 2 
.06 

12 

.5 

Juv. & adult 
of all spp. 

eating 
epif. and inf. 

4.2 

.6 

8.8 

2.3-17.8 
7.0 

3.7-.49 
1.3 

1.9 

7 3  

2.0 
3.0 

Juv. and adult 
P. americanus eating

epif. inf. 
and inf. only 

2.8 

.4 

1.1 

2.3-1 7.8 
7.0 

.48-.06 
.16 

7 3  

0.2 

2.8 

.4 

2.3- 17.8 
7.0 

.48-.06 
.16 

1 2  

1.3 

to large size. Above all, the production of the major component of the demersal 
fish population at St. r is not in direct proportion to its relative abundance. 
P. americanus juvenile production occurred primarily in the shallow water and
estuaries of L.I.S. (Pearcy, 1960), thus, the data from St. I underestimates
the production and trophic conversion of L.I.S. waters as a whole.
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Capa B. Paqapp;c 

,Il;EMEPCAJihHOE HACEJIEHME PhIB B IIPOJIMBE JIOHr MCJIAH,Il;. 
2. Ilarn;a MOJIO)];H B M0CTHOCTJIX c rrec<JaHO-paKOBHHHhIM )];HOM. CTaHu;HJI 1 

Rpanrnii 06aop 
Ilarn;a MOJIO)];JiI TpHp;u;aTH Tpex BI'l)];OB ;ri;eMepcaJihHhIX phl6, OT 19 ;ri;o 235 MM., 

co CTam:i;rrn: 1 cocTOJIJia IIB op;Horo Heorrpe;ri;eJieI-rnaro BII,[\a ru;ri;pmr;ri;naro rroJinrra, 
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TPH/1.l_\aTH BOebMH IlOJIF!XeTOB, IlHTH/1,eeHTH pa1wo6pa3HbIX, Oll,HHHall,�aTII MOJI

JIIOeKOB H Tpex pbr6. Hau:6oJiee BarKHbIMH BH/1,aMH 6bIJIH: TIOJIIITI; Neanthes 
succinea, Ampharete acutifrons, Pseudodiaptomus corona/us, Temora longicornis, Acar
tia spp., JI11qu:mm Ba/anus balanoides, Eomysis americana, Leptocheirus pinguis, Am
pelisca sp., Caprella spp. lI Crago septemspinosus. 

BOJibllilIHeTBO XlI�HHKOB eJIH 60Jibllie N. americana qeM RaRHX 6bI TO HH 6bIJIO 

HHbIX BII/1,0B /l,06brqH. B o6�eM 61,mo eLe/1,eHO 60JILTIIee KOJIHqeeTBO enmjiaym,1 
qeM 603Il03BOHOqHI,IX eo6eTBeHHOil: <jiayHhl. IIH�a 61,ma HaH60Jiee pa8HOo6pasHoil: 
BeeHOIO H oeeHLIO' TO-eeTL B Te eeBOHbI KOr/1,a eoeTaB XH�HHKOB TOrKe 61,m 
HaH6oJiee pasHoo6paaeH. 

)];Ba BH/1,a MHOrOH/1,HLIX xH�HHROB, Stenotomus chrysops H Pseudopleuronectes 
americanus, rJiaBHhlil: noTpe6HTeJib TIOJIHxeTOB, eheJIH 6oJIL IIIe 50 °lo orrpell,eJien
HbIX BH/1,0B. qeTbipe BH/1,a phl6, Urophysis regius, Centropristes striatus, Prionotus 

carolinus H Etropus microstomus ebeJIH 6oJihTIIe 15 °lo - CeMb BH/1,0B, Merluccius 

bilinearis, Pollachius virens, Urophysis chuss, Cynoscion regalis, Tautogolabrus adsper

sus, Ammodytes americanus H Sphaeroides maculatus e'LeJIH eBhIIIIe 10 °lo , xa Bee 

oeTaJibHbie BH/1,bl MebIIIe 10 °lo. B o6�eM BH/1,LI o6HJibHbIX XH�HHROB eJIH 

6oJiee pa3H006pa3HJIO IIH�y qeM BH/1,bl MeHee o6HJibHbIX XH�HHKOB. HBHOe 
neKJiroqeHHe npell,eTaBJIHJIH TaKHe eTeHo<jiarH RaR Scopthalmus aquosus. 

IIH�a TOJlbRQqTO ebe/1,eHHaH :n HaIIOJIHHBTIIaH rKeJiy/1,0R XH�HHROB 6bIJia 
B8BenreHa. Bee IIH�II ROJie6aJieH OT 1.1 °lo /1,0 9 .4 °lo 

Beea TeJia. B o6�eM Bee 

IIH�H XH�HHROB paBHHJieH 4 .2 °lo Beea HX TeJia. Iloll,eqeT npoll,yRTHBHOeTH 
MOJI0/1,lI ll,eMepeaJI'LHbIX p1,16 CTaH�HH 1, rrpn6JIH3HTe8bHO 0.15 g/m2 BbI'0/1,, IlORaBaJI 

qTo OHa MeHbllie 10 °lo . a rrpOH8BO/l,lITeJibHOeTb rrpeBpa�eHHH rrplI/1,0HHOil: <jiayHhl 
B MOJI0/1,'L paBHHeTeH TOJlbRO 0/J,HOil: IlHTHall,�aTOil: IIO/l,06Haro rrpeBpa�eHHH B 
MOJI0/1,b Beex ll,eMepeaJibHbIX pbI6 AHrJIHil:eRaro IlpOJIHBa. IIpoll,yRTlIBHOeTb 
P. americanus ,  HaH6oJiee o6blqHaro XH�mma CTaH�HH 1, Bee TIH�H ROTOparo B 

epell,HeM paBHHJieH 2 .8 °lo Beea ero TeJia, rrpH6JIH8HTeJibHO eoeTaBJlfIJia 0 .05 °lo 

B roll,. 
IloqTH Bee XH�HHRH eJIH TpaBOH/1,HblX H ll,eTpHTOHHLIX O)];HO:ll: H TO:ll:rKe Be

JIHqHHbl H npHHall,JierKaJIH R TOMY fie n:n�eBOMy ypoBHIO. B npell,eJiax 8Toro 
ypoBHH 8MHrpa�HH MHOI'HX XH�HHROB B ll,pyrHe pa:ll:OHbl B eeaoH poeTa H B03-

M0rKHOe eopeBHOBaHHe B JIOBJie rJiaBHOil: ll,06blqll Ha neeqaHo- paROBHHHbIX 
oea)];Rax QTqaern: o6hHeHHIOT HH8RHH: ypoBeHb np0/1,JRTHBHOeTH pbI6. 
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ABSTRACT 

The most important identified food species of 20 juvenile fish species (21.6-
217.1 mm) from St. 3A were Nephthys incisa, Pseudodiaptomus coronatus, Labidocera aesti<Va, 
Neomysis americana, Leptocheirus pinguis, and Crago septemspinosus. Crustaceans were con
sumed in greater quantity, both in number and volume, than any other group of prey. 
Of these, N. americana was eaten by the greatest number of predators, while C. septemspinosus 
was eaten in the greatest quantity by volume. Seasonal fluctuations occurred in the quality 
and diversity of the food. The most noticeable variation was the increased consumption of 
small crustaceans during the fall and winter. At these times there was an increase in the 
diversity of the predator species. 

Comparison with data from St. 1 indicated (1) less variety of invertebrates were consumed 
in the mud locality than in the sand-shell locality; (2) infauna! organisms constituted a 

73 
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greater percentage of the total food at St. 3 A than at St. r; (3) a higher percentage of empty 
stomachs occurred at St. 3A, perhaps due to the smaller amount of available bottom illumina
tion there than at St. r. 

Analyses of food selection showed that competition did not exist between three chosen 
resident species: Merluccius bilinearis, Scophthalmus aquosus, and Pseudopleuronectes america
nus. Slight competition for N. americana and C. septemspinosus was noted at certain times
of year between M. bilinearis and S. aquosus and the migratory crustacean feeders. P. ameri
canus avoided competition by feeding on polychaetes and by being omnivorous. Small well 
defined feeding niches were seldom evident within the dernersal fish population of Long 
Island Sound. 

INTRODUCT ION 

Analyses of the food of juvenile demersal fish from a mud locality conclude 
the 1955-1957 study of the demersal fish population from Long Island 
Sound previously described (Richards, 1963a, b; this issue). The locality 
(St. 3A) discussed herein, which is three miles SSE of Charles Island near 
Milford, Connecticut, is 1 7 m deep, and has a mud substrate characterized 
by a high percentage of fine silt ( 0.049-0. Io 5 mm) similar in texture and 
color to that found at St. 3, four miles S of St. 3A (Sanders, 1956). St. 1, the 
first locality from which the food habits of the demersal fish were studied 
(Richards, 1963 b; this issue), is characterized by a high percentage of medium 
and coarse sand (0.25-1.0 mm) (Sanders, 1956) and broken shell. Furthermore, 
considerable differences exist in the fauna of the two areas; St. 3A is occupied 
by a less varied invertebrate fauna (Richards and Riley, unpubl.) and a slightly 
less varied fish fauna (Richards, 1963a; this issue) than is St. I. It will be 
shown that the food of the juvenile fish from St. 3A is also less varied than 
the food from fish at St. I. Secondly, a comparison of three methods of food 
study is included: the numbers method, volume method, and the occurrence 
method (terminology from Hynes, 1950). Due to size differences, the relative 
amounts of individual prey species varied according to the method employed. 
Yet the importance of the crustaceans as a group as food for the juvenile fish 
(Fig. 2) was brought out by all three methods. Thirdly, seasonal fluctuations 
in the quality of the food are discussed. Lastly, a method of analyzing food 
selection was employed. In this analysis three common resident predators, 
Merluccius bilinearis, Scophthalmus aquosus, and Pseudopleuronectes americanus 
were treated individually, and the remainder of the predator species were 
combined and treated as a single group. Problems of food selection and com
petition of these forms were examined in relation to eight selected prey. 

MATERIALS AND METHODS 

A total of 49 8 specimens ( 2I.6-21 7. I mm) of 20 species from I 9 afternoon 
trawl hauls between July 17, 1956, and July 23, 1957 was examined; of 
these, 96 (or 19°/o) were empty (Table II). Thus, the results will be based on 



1963] Richards: The Demersal Fish Population of Long Island Sound 75 

the stomach contents of 402 fish. Each species is listed in Table II along with 
the number of specimens with stomachs of varying degrees of fullness: empty, 
< r/ 2 full, > 1/ 2 full. Also included in this table are the number of food species 
eaten by each fish predator species as well as the percentage of all identified 
food species eaten by all predators. The Appendix includes the food of each 
predator species as (I) the percentage (by number) of all predators eating each 
prey, and (2) the percentage of each prey eaten (by number) of all that prey 
eaten by all predators. 

In most cases the data are arranged by seasons: June through August, Sep
tember through November, December through February, March through May. 
These intervals are based on seasonal fluctuations in the fish population. 

Food (Table I) from the stomach proper was identified, counted, and 
measured. It was weighed only when the stomach was absolutely full of fresh 
material. Volumes were determined by measuring the amount of water dis
placed in graduate cylinders or centrifuge tubes to the nearest 0.01 cc. The 
small size of many organisms precluded independent volume measurements, 
thus different species of crustaceans or of polychaetes were frequently combined. 
These combined volume determinations were particularly applicable to the 
stomach contents of the euryphagous species, such as Stenotomus chrysops and 
P. americanus.

A rough analysis of the relationships between three resident predators and
eight chosen prey depended upon a comparison of the "indices of competitive 
independence" according to Smith's (1950) method described on p. 86. 

RESULTS 

Eighty food items, including "unidentified", ranging in size from 0.4-
90 mm, were consumed by 402 juveniles. Of these, 56 were identified to 
species, 65 to genus, and 73 to family or group (Table I). There were three 
hydroids, two nemerteans, 28 polychaetes, and 31 crustaceans. Also there 
were 13 mollusks, and three fish, besides "animal remains" and sand. The total 
variety of food species was less than that of St. I, where I I 3 identified items 
were eaten - I 1 miscellaneous items, 38 polychaetes, 50 crustaceans, I I mol
lusks, and three fish (Richards, I 963 b; this issue). The smaller variety of food 
of fish from St. 3 A partially resulted from the examination of fewer stomachs 
of certain species, notably S. chrysops, P. carolinus, and P. americanus, from 
St. 3 A than from St. I (Fig. I). In addition, the variety of available food in 
the mud areas is less than in the sand-shell localities (Sanders, 1956; Richards 
and Riley, unpubl.). 

Sand and mud accompanied the food in the stomachs of 33 ° / o of the pre
dator species, primarily P. americanus, but in only 5 °/o of the individuals. 
Comparison with the data from St. 1, where 50 °/o of the predators species 
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TABLE L FOOD OF EIGHTEENtt SPECIES OF JUVENILE DEMERSAL FrSHt FRO]\{ 
ST.3A, LONG ISLAND SOUND, INCLUDING THE NUMBER AND PERCENTAGE** 
OF TOTAL PREDATORS AND THE SrzE RANGE OF THE PREY. 

Prey 

Sand 
Hydroid-unident . ................. . 
Hydroid medusa .................. . 
Campanularidae ................... . 
N emertean-unident . ............... . 
Cephalothrix linearis . . . . . . . . . . . . . . . .  . 

Syllidae .......................... . 
Auto!ytus sp . ...................... . 
Lepidonotus squamatus . . . . . . . . . . . . . .  . 

Phyllodoce fragilis ...........•....... 
Eteone alba . . . . . . . . . . . . . . . . . . . . . . .  . 

Nephthys sp . ...................... . 
Nephthys caeca . . . . . . . . . . . . . . . . . . . .  . 

Nephthys incisa . . . . . . . . . . . . . . . . . . . .  . 

Nereis sp . ........................ . 
Arabella iricolor . . . . . . . . . . . . . . . • . . . .

Glycera dibranchiata . . . . . . . . . . . . . . .  . 

Cirratulus sp ...................... . 
Cirratulus grandis . . . . . . . . . . . . . . . . . .  . 

Terebellidae ...................... . 
Ampharetidae .................... . 
Ampharete acutifrons . . . . . . . . . . . . . . .  . 

Melinna cristata . . . . . . . . . . . . . . . . . . .  . 

Cistenide s gouldii . . . . . . . . . . . . . . . . . . .  . 

Capitellidae ....................... . 
Capitella capitata . . . . . . . . . . . . . . . . . . .  . 

Maldanidae ....................... . 
Maldane sarsi . . . . . . . . . . . . . . . . . . . . .  . 

Praxillella sp. * ................... . 
Flabelligera a/finis . . . . . . . . . . . . . . . . .  . 

Potamilla neglecta* . . . . . . . . . . . . . . . . .  . 

Spionidae ........................ . 
P aranaitis speciosa* . . . . . . . . . . . . . . . .  . 

Polychaete-unident. . .............. . 
Worm-unident . ................... . 
Sarsiella zostericola* . . . . . . . . . . . . . . . .  . 

C;theridea americana* . . . . . . . . . . . . . .  . 

Pseudocalanus minutus . . . . . . . . . . . . . .  . 

Centropages hamatus . • . . . . . . . . . . . . . . .

Pseudodiaptomus coronatus ........... 
Temora longicornis . . . . . . . . . . . . . . . . .  . 

Labidocera aesti'1Ja . . . . . . . . . . . . . . . . .  . 

,.-----Predators-----

Species Indiv. 

(N) 

6 
I 
1 

1 

2 
l 

1 
1 
1 
2 
l 

2 
I 
6 

2 
2 
l 

l 

1 
l 

l 

2 
2 
2 
I 
1 
l 

l 

l 

l 

2 
1 
l 

6 
l 
3 
4 
2 
l 
8 
3 
6 

(•/o) 

33 
6 
6 
6 

11 
6 
6 
6 
6 

11 
6 

11 
6 

33 
11 
11 

6 
6 
6 
6 
6 

11 
11 
11 

6 
6 
6 
6 
6 
6 

11 
6 
6 

33 
6 

17 
22 
11 

6 
4 4  

17 
33 

(N) 

23 
9 
1 
2 
8 
l 
I 
1 
I 
4 
2 
2 
1 

63 
5 
8 
I 
1 
I 
6 
l 

1 8
27 
1 6
3 
8 
I 
l 

1 

2 
5 
l 

1 

2 6
4 

1 0
11 
2 8
2 

4 8  
1 6
37 

(•/o) 

5 
2 
+ 
+ 
2 
+ 
+ 
+ 
+ 
1 

+ 
+ 
+ 

13 
1 

2 
+ 
+ 
+ 
1 

+ 
4 
5 
3 
+ 
2 
+ 
+ 
+ 
+ 
1 
+ 
+ 
5 
I 
2 
2 
6 

+ 
1 0

3 
7 

Prey 
Size 

(mm ) 

11.2 

8- 9.6

12 
3-6 

7.2 
1-3

6-48 
small 

9.6 
6.4 

small 
4.9 

4.8-17.6 
4-2 8.4 
3-12.8
4- 5

small 

5.6-1 0.4 

3- 5

1.0-1.5 
1.0-2.4 
1.0-1.4 
>1.0
0.6-1.8 

1.5 
2.1-3.0 

(Cont.) 
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TABLE I. (Cont.) 

,,----- Predators -----

Species Indiv. 

Prey (N) 

Acartia spp . ...................... . 
Balanus balanoides ................. . 
Neomysis americana . . . . . . . . . . . . . . . . . 1 6  
Oxyurostylis smithi* . . . . . . . . . . . . . . . . . 1 
Diastylis quadrispinosa* . . . . . . . . . . . . . . l 
Edotea montosa . . . . . . . . . . . . . . . . . . . . . 7 
Cyathura polita . . . . . . . . . . . . . . . . . . . . . 1 
Amphipoda-unident.. . . . . . . . . . . . . . . . 2 
Ampelisca sp. . . . . . . . . . . . . . . . . . . . . . . 4 
Stenothoi! cypris . . . . . . . . . . . . . . . . . . . . . 3 
Stenothoi! minuta . . . . . . . . . . . . . . . . . . . . 2 
Podoceropsis nitida . . . . . . . . . . . . . . . . . . 2 
Leptocheirus pinguis . . . . . . . . . . . . . . . . . 9 
Unciola irrorata . . . . . . . . . . . . . . . . . . . . 2 
Corophium cylindricum . . . . . . . . . . . . . . . 3 
Caprella linearis . . . . . . . . . . . . . . . . . . . . l
Aeginella longicornis . . . . . . . . . . . . . . . . . 4 
Crago septemspinosus . . . . . . . . . . . . . . . . . 1 0
Pagurus longicarpus . . . . . . . . . . . . . . . . . 2 
Neopanope texana sayi . . . . . . . . . . . . . . . 2 
Pinnixia sayana* . . . . . . . . . . . . . . . . . . . l
Squilla sp. *. . . . . . . . . . . . . . . . . . . . . . . . l 
Crustacean-unident. . . . . . . . . . . . . . . . . 4 
Nymphon grossipes. . . . . . . . . . . . . . . . . . . 2 
Nucula proxima . . . . . . . . . . . . . . . . . . . . 3 
Yoldia limatula . . . . . . . . . . . . . . . . . . . . . 2 
Lyonsia hyalina* . . . . . . . . . . . . . . . . . . . . I 
Cerastoderma pinnulatum* . . . . . . . . . . . . 2 
Gemma gemma* . . . . . . . . . . . . . . . . . . . . l 
Macoma tenta . . . . . . . . . . . . . . . . . . . . . . 2 
Ensis directus . . . . . . . . . . . . . . . . . . . . . . l 
Mulinia lateralis . . . . . . . . . . . . . . . . . . . . l
N assarius tri'Viattatus . . . . . . . . . . . . . . . . 1 
Retusa caniculatum . . . . . . . . . . . . . . . . . . l 
Mitrella lunata . . . . . . . . . . . . . . . . . . . . . 2 
Loligo sp. . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Mollusk-unident. . . . . . . . . . . . . . . . . . . . 4 
Anchoa mitchilli. . . . . . . . . . . . . . . . . . . . . 2 
Ammodytes americanus . . . . . . . . . . . . . . . 2 
Fish-unident. . . . . . . . . . . . . . . . . . . . . . . 3 
Animal Remains . . . . . . . . . . . . . . . . . . . 3 

(o/o) 
6 
6 

8 9  
6 
6 

4 3
6 

11 
2 2
17 
11 
11 
5 0

11 
17 

6 
2 2
5 6  

11 
11 

6 
6 

2 2
11 
17 
11 

6 
11 

6 
11 

6 
6 
6 
6 

11 
6 

2 2
11 
ll 
17 
17 

tt Data lost for Menidia menidia and Syngnathus fuscus. 
t See Appendix for details of food for each species. 

(N) 
2 
6 

1 8 8  
1 
2 

3 0
1 
4 

1 2
4 
2 
9 

72 
2 
4 
2 
6 

9 3
2 
2 

1 
3 
4 
5 
9 
6 
2 
5 
4 
4 

11 
2 
l 
3 
3 
2 
6 
4 
5 
4 
4 

(o/o) 
+ 
I 

3 8  
+ 
+ 
6 

+ 
1 
2 

+ 

2 
1 4  
+ 

l 
+ 

l 
1 9  
+ 

+ 

+ 

+ 
l 
l 
2 
l 

+ 
l 
1 
1 
2 

+ 
+ 
+ 
+ 
+ 
l 
l 

Prey 
Size 

(mm ) 

1.4 
1.9-11 

5.4 
2.0- 3.1 
1.8- 8 

2.2 
1.5- 4.8 
1.5- 2.5 

2.5 
4- 8

1.5-1 4.1 
6.9 

1.3- 4.2 
8 

3.2-11.4 
5.3-2 9 
3.0-4.5 

7.0-8.8 
8.7 

1.9 
0.9- 5.6 
2.2- 8.3 

5.6 
2.7-4.0 

1.0- 3.8 
4.4 

2.0- 5.2 

1.1 
0.4- 2.8 

1.9 
1 2-1 5 

1 5.2-78 
larva-< 9 0  

1.1-11.2 

** All percentages rounded off to nearest whole number; those less than one indicated by a + sign. 
* Species not found in the stomachs of juveniles from St. I, 
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TABLE II. NUMBER OF EACH SPECIES EXAMINED FROM ST. 3At, INCLUDING THE
NUMBER AND PERCENTAGES** WITH EMPTY, < 0.5 FULL, > 0.5 FULL STOM-
ACHS, AS WELL AS THE NUMBER OF ALL IDENTIFIED FOOD SPECIES EATEN 
BY EACH PREDATOR SPECIES. THE PERCENTAGE OF ALL FooD SPECIES IS
BASED ON 65 IDENTIFIED ITEMS. 

,-- Number of stomachs---, Total Ident. Prey 
Predator Species 

Raja erinacea ............. 

Clupea harengus ...........

Alosa aesti'Valis ............ 

Bre'Voortia tyrannus ........ 

Anchoa mitchilli ............

Osmerus mordax ........... 
Merluccius bilinearis .......

Enchelyopus cimbrius ........

Urophycis chuss ............

Urophycis regius ...........

Menidia menidia* 0 • • • • • • • •  

Syngnathus fuscus* .........

CJ noscion regalis ...........

Stenotomus chr;sops .........

Tautogolabrus adspersus ..... 
Poronotus triacanthus ....... 

Prionotus carolinus .........

Paralichthys oblongus .......

ScoJhthalmus aquosus ....... 

Pseudopleuronectes americanus 

empty 

(N) (o/o) 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

55 33 
3 33 
5 19 
0 0 
l 33
2 67 
0 0 
0 0 
2 17 
4 80 
0 0 
0 0 

10 40 
14 16 

<0.5 full 

(N) (o/o) 

0 0 
2 8 
0 0 
0 0 
0 0 
0 0 

36 22 
4 44 
6 22 

6 

5 10 
1 7 
2 17 
0 0 
0 0 
0 0 
7 28 

13 15 
t See Appendix for details of food of predator species. 

** All percentages rounded off to whole numbers. 
* Data for these species lost.

>0.5

(N)

5 
22 

1 
l 

18 

l 

74 
2 

16 
15 

43 
13 
8 
l 

23 
12 
8 

59 

contained sand with their food, indicated that fewer 
the bottom in the muddy area. 

full No. (N) spp.
(o/o) (o/o) 

100 5 4 6 
92 24 7 11 

100 l 2 3 

100 4 6 
100 18 5 8 

100 1 2 3 
45 165 17 26 
22 9 8 12 
59 27 12 18 
94 16 8 12 

3 
3 

90 48 7 11 

93 14 26 40 
66 12 5 8 

20 5 1 l 

100 23 10 15 
100 12 3 5 
32 25 2 3 
69 86 48 74 

species ate directly off 

Prey. Hydroids, occurring almost exclusively in P. americanus stomachs, 
were probably eaten in areas bordering the sampled locality. Representatives 
of this group were seldom found by dredging at St. 3A (Richards and Riley, 
unpubl.). Nemerteans were occasionally consumed by P. americanus. 

Of the 28 polychaetes (1-48 mm) consumed by 43°/o of the predator spe
cies (see Appendix), I 3 were exclusively eaten by P. americanus, six by 
S. chrysops, and nine were found in small quantity in the stomachs of six 
predators. The most available polychaete, Nephthys incisa (6-48 mm), was the 
most important in the fish diets. Although it was eaten by all predators which 
ate polychaetes, 74°/o of the total was consumed by P. americanus. Certain 
other species appeared in the stomachs, such as Melinna cristata, Cistenides
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Figure I. Comparison of the differences in numbers of fish species examined and the differences in 
numbers of identified food items consumed between Sts. r and 3 A. Initials indicate the 
first letters of the genus and species name of the fish. 

gouldii, ..dmpharete acutifrons, and Lepidonotus squamatus. The first two were
important to S. chrysops and P. americanus. The others were consumed in far 
less quantity than at St. I. 

All predators ate a variety of crustaceans (0.6-29 mm) of which mysids, 
shrimps, isopods, amphipods, and copepods were of greatest importance. Of 
these, Neomysis americana (1.9-1 I mm) interested the greatest variety of pre
dators. It was consumed by 89°/o of the predator species and by 38°/0 of the 
individuals (Table I). Chief among its predators were M. bilinearis, C. regalis, 
P. carolinus, and S. aquosus (see Appendix). Although the number of mysids
consumed was less than the number of copepods, and the total volume consumed
was less than the volume of C. septemspinosus, they still played an important 
role in the food of the juvenile fish. C. septemspinosus 1 (5.3-29 mm) was eaten

1 Since this paper went to press, Kent S. Price, Jr. has informed the author (personal communication, 
January 3 r, 1962) that L.B. Holthuis recently discovered that the proper name for this species is Crangon 
septemspinosa. 
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by more than half of the predator species, but by only 19°/o of the individuals,
yet its total volume was approximately twice that of the mysid. The greatest
percentage of shrimp was consumed by M. bilinearis, both Urophycis spp.
and P. oblongus (Appendix). Leptocheirus pinguis ( 1.5-14. I mm) was consumed
by about 50 °/o of the predator species and 14 °/o of the individuals in approx
imately the same quantity by volume as N. americana but in less numbers.
Chiefly responsible were P. americanus which ate 80 °/o of the total consumed,
and S. chrysops which ate 4°/o. Other crustaceans, particularly .Ampelisca sp.,
and the isopod, Edotea montosa, were eaten in much smaller quantity than
L. pinguis by a variety of predators. Copepods ( 0.6-3.0 mm) appeared in the 
stomachs in great numbers because of their small size. However, only two,
Pseudodiaptomus coronatus and Labidocera aestiva, were eaten by a variety of
predators, principally R. erinacea, .A. mitchilli, C. regalis, S. chrysops, and P. ca
rolinus, while two others, Pseudocalanus minutus and Temora longicornis, were
eaten nearly exclusively by C. harengus.

Two other groups of prey, namely mollusks and fish, were represented in
about the same quantity as at St. I. The former group (0.4-8.3 mm) was 
found in small quantities in the stomachs of one-third of the predators. Of the 
I I mollusk species (excluding for the moment, Loligo sp.), six were eaten 
exclusively by P. americanus. Only Nucula proxima (0.9-5.6 mm) and Yoldia
limatula (2.2-8.3 mm), two of the most available species in the mud sediments
(Sanders, 1956; Richards and Riley, unpubl.), appeared in the stomachs of 
other predators in significant amounts (Table I). Of the fish (1.1-< 90 mm),
.Anchoa mitchilli and .Ammodytes americanus were the most important prey.
M. bilinearis alone consumed 26°/o by number and 71 °/o by volume of all
fish prey. Other predators were B. tyrannus, U. regius, C. regalis, and P. oblon
gus, but fish prey were less important as to relative number than either poly
chaetes or crustaceans.

Comparison with previous data (Richards, 1963 b; this issue) shows that 
the majority of juvenile demersal fish depends upon N. americana and C. sep
temspinosus regardless of the type of substrate; only P. americanus constantly
consumed a significant amount of polychaetes. Of the other important prey,
a slightly greater quantity of N. incisa and L. pinguis was consumed in the
mud locality than on the sand-shell bottom. At St. 1, on the other hand,
greater quantities of .A. acutifrons, copepods, and crabs were eaten than at
St. 3 A, because of the availability of the prey at St. 1, and because of the
presence there of certain copepod feeders such as .Ammodytes americanus.

Three methods were used to compare the quantities of the five principal
groups of prey that were consumed: percentage of all groups by number,
percentage by volume, and percentage by the number of occurrences in the 
fish stomachs. These percentages are shown graphically in Fig. 2, in which 
the importance of the crustacean group is apparent, regardless of the method
of measuring their quantity. The similarity between the percentage of occur-
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Figure 2. Comparison of the consumption of groups of prey according to three methods of measure

ment. 

rence by predator species and by predator individuals was due to the universality 
of crustaceans as fish food in L.I.S. The difference between percentage quantity 
by number and by volume was due to the consumption of a greater number of 
species of small size rather than species of large size. Thus, the assessment of 
the relative quantity of crustaceans in the fish diet varied according to the 
criteria used. An indication of the relative amount of the second most im
portant group of prey, polychaetes, also depended upon the method of evalua
tion. Volume measurements were underestimated because of digestion: more 
so, actually, than in the case of the crustaceans. N. incisa, for instance, occurred 
frequently as flaccid bits with very little volume. Nevertheless, due to the 
large size of this species, as well as of M. cristata, the total percentage of poly
chaetes by volume was greater than the percentage shown by number. Estimates 
of polychaete consumption by percentage of occurrence were higher than those 
obtained by either the volume or the number method. The percentage of 
occurrence by species was similar to that based on individuals, because so many 

6 
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individuals of one of the most abundant predators, P. americanus, ate poly
chaetes. 

Based on all three methods, the estimated consumption of the other three
groups was less than the consumption of polychaetes or crustaceans. In the
first place, the quantity of fish consumed, estimated by volume, was much less
than that for polychaetes or crustaceans. Secondly, the number and volume of 
hydroids, nemerteans, and mollusks were difficult to assess. Hydroids could not 
be counted, and nemerteans and mollusks occurred in too many broken frag
ments for counts or volume determinations. Only by the occurrence method 
could the importance of these groups be compared with the other groups. 
All three showed similar percentages of occurrence and appeared in far fewer 
stomachs than did either polychaetes or crustaceans. 

Seasonal Fluctuations in Food and Feeding Habits. Two methods were 
utilized to estimate seasonal change in the food of the fish. First a general 
comparison based on all three methods of estimation of the quantity of each 
group of prey (Table III) indicated over-all changes in the quality of the food 
items as well as changes in the size of the prey. Secondly, a summary of the 
changes in quantity and diversity of prey is given. Five principal groups of food 
are listed in Table III, including the most important species, such as N. incisa, 
A. acutifrons, and M. cristata, because they constituted 41 °/o by number and
63 °/o by volume of all polychaetes; copepods, mysids, shrimps, and L. pinguis
constituted over 90°/o of all crustaceans. N. proxima was not necessarily the
most commonly consumed mollusk, but it was the easiest to identify and
measure due to its thick shell which resisted digestion. Two points should be 
remembered ( 1) the small number of hauls for each season allows only the 
most generalized statements about food fluctuations; and ( 2) the differences
in estimates of consumption between summer I 9 5 6 and I 9 5 7 indicate the
minimum range of variation which can be expected.

The data in Table III show that three groups of prey, polychaetes, crus
taceans, and mollusks were consumed throughout the year, while others, i.e. 
hydroids, nemerteans, and fish were each neglected at one particular season. 
Further examination shows that two of the common polychaetes, N. incisa 
and M. cristata, and two of the common crustaceans, N. americana and C. sep
temspinosus, were eaten in all seasons, while other common items, such as 
copepods and L. pinguis, were neglected during one season or another. 

During the summer all groups of prey were eaten; hydroids, nemerteans, 
polychaetes, and mollusks in greater quantities than at any other time during 
the year, crustaceans in slightly less quantity during 1956 than 1957, and 
fish only in 1957. The consumption of individual species of polychaetes varied; 
in 1956 M. cristata was the favorite, in 1957 N. incisa was eaten more abun
dantly, and A. acutifrons was neglected entirely. Of the crustaceans, copepods 
were never eaten in summer by the fish species examined, the consumption of 
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C. septemspinosus remained stable, while the quantity of mysids and particularly 
L. pinguis varied. In fact, the lack of L. pinguis in 1956 largely accounted for
the decline in the total quantity of crustaceans. N. proxima occurred in simi
lar small amounts during both summers. 

During the fall a change took place in the quality of the food. A decreased con
sumption of polychaetes accompanied an increased consumption of crustaceans. 
The increased quantity of crustaceans was perhaps due to an influx of pelagic 
crustacean feeders at this time. Note the differences between the percentage quan
tity by number and by volume which reflects the increase in copepod and mysid 
consumption by first-year migrants at the time of decreased consumption of the 
large crustaceans by such residents as M. bilinearis. The amount of µiollusks, 
hydroids, and nemerteans eaten remained similar to that of summer, while the 
amount of fish increased, due to availability of enormous numbers of anchovy fry. 

In winter, no hydroids or nemerteans were eaten. The only polychaete 
eaten in abundance was N. incisa, and only a few mollusks occurred in the 
stomachs -none of these from mid-January through February. In contrast, 
crustaceans were popular. Of these, copepods and mysids were more abundant 
in the stomachs than during the warm half of the year. The relative quantity 
of C. septemspinosus decreased a little, while the occurrence of L. pinguis 
decreased considerably. The consumption of fish, primarily the abundant or 
readily available .A. americanus fry, increased a little. 

H ydroids, nemerteans, and mollusks appeared again in the stomachs of a 
few fish during spring. Though polychaetes became slightly more abundant, 
with N. incisa still the most important, polychaete fluctuations were not corre
lated with the seasonal fluctuations in the relative number of their dominant 
predator, P. americanus. The consumption of crustaceans as a whole remained 
constant, but within the group, interest in copepods and mysids decreased. 
Rather there occurred an increased interest in L. pinguis which continued 
through the following summer. The amount of C. septemspinosus eaten through 
the spring remained about the same as during winter. 

Seasonal fl. uctuations in total numbers of food organisms were large compared 
with variations in volumes. During the summer a small variety and number 
of predators fed on an unvaried diet of organisms of similar size. An increase 
in variety and number of prey of different sizes occurred in fall, thus altering 
the relative number of food items considerably while the relative volume 
remained about the same. The slight increase in volume between summer and 
fall was due to the development of a more accurate technique for volume 
determinations as well as to an increased number of fish available for examina
tion. During winter such a large number of small crustaceans were eaten by 
the majority of predators that the total volume of food remained the same as 
during the fall. During spring there was an increase in numbers of M. bilinearis 
and P. americanus, neither of which were interested in copepods. For this 
reason the number of food items in the stomachs decreased. 



1963] Richards: The Demersal Fish Population of Long Island Sound 8 5 

Seasonal fluctuations in diversity of food and of predators according to the 
simple formula, d = S - I /log, N,  where S = the number of species, and N = 
the number of individuals, are listed in the last two lines of Table II I. Predator 
diversity was low during summer, increased during fall, and remained rather 
constant throughout the rest of the year. Prey diversity, on the other hand, 
showed wider variations; it increased from summer to fall, decreased again 
in winter, increased in spring, and then decreased again in summer. Some 
qualitative interpretations of these changes are pertinent. Fish from two hauls 
in summer 1956 showed a greater diversification in diet than from summer 
1957, due to variation in the food of P. americanus. The increased prey diver
sity during fall was a result of the influx of first-year migrant predators, while 
the prey diversity in winter, clearly due to the consumption of large numbers 
of a few species of copepods, was accompanied by an increase in the percentage 
of predators with empty stomachs. The spring increase in diversity of prey 
occurred at a time of no increase in the diversity of predators but of a decrease 
in numbers of fish feeding on copepods, and an increased consumption of benthic 
crustaceans. The summer decrease was synchronized with a decrease in diver
sity and number of predators, and with an increased percentage of fish with 
empty stomachs. The apparent correlation between a high percentage of fish 
with empty stomachs and low prey diversity was perhaps an effect of the small 
numbers of hauls examined. Nevertheless, it appeared both here and at St. I, 

that fish eating rapidly or consistently (thus with a low percentage of empty 
stomachs) consumed a diversified diet. 

The relative number of fish with empty stomachs from Sts. I and 3 A is 
compared in Table IV. A greater percentage of empty fish occurred at St. 3A 
than at St. I in almost all seasons. In addition to the fact that the St. 3 A 
hauls were taken at a different time of day than those at St. 1, there are two 
other reasonable explanations for this result. One, a greater variety of motile 
epifauna was available at St. I than at 3A (Sanders, 1956, Richards and Riley, 
unpubl.). Secondly, there is a greater amount of bottom illumination at the 
shallower St. I than at 3A (Table IV). Even during the winter, 1957, which 
included the time of the height of the plankton bloom, bottom illumination at 
St. I was thirty times that of St. 3 A. Predators of pelagic crustaceans and 
benthic epifauna thus perhaps have a greater advantage in the St. I area than 
further offshore. Even P. americanus had a lower average percentage of empty 
stomachs at St. I (6°/o) than at St. 3A (16°/o). Conclusive results of the effect 
of seasonal changes in illumination on the feeding of fish in L.I.S. require 
sampling of similar type substrates at many depths during different hours of 
the day, as well as experimental work on the limits of the vision of the fish. 

Food Selection and Competition. Three species of fish occurring in nearly 
every sample from St. 3 A were selected for analysis: M. bilinearis, S. aquosus, 
and P. americanus. All other predators were grouped as one (referred to here-
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TABLE IV. COMPARISON OF SEASONAL CHANGE IN BOTTOM ILLUMINATION WITH 
THE PERCENTAGE OF PREDATORS HAVING EMPTY STOMACHS , STS. l AND 3A, 
195 6-1957. THE EXTINCTION COEFFICIENT (k = 1.7/S.D., OF POOLE AND 

ATKINS, 1929) MULTIPLIED BY DEPTH (z) WAS USED TO ESTIMATE THE 
PERCENTAGE OF SURFACE ILLUMINATION WHICH REACHED THE BOTTOM 
ACCORDING TO THE EQUATION, Iz/Io = e-kz, 

,--St. 1--, ,--St. 3A� 
(z = 9 m) (z = 17 m) 

Season Bot. oJo Bot. oJo 
Illum. Empty Illum. Empty 

Summer ....... 1 0.6 5.7 0.04 34.5 
Fall ........... 1 0.5 4.6 0.1 2 1 0.5 
Winter ......... 1.5 27.9 0.04 3 3.3 
Spring ......... 14.4 17.2* 0.87 7.3 
Summer 6.1 1 2.2 0.2 1 3 8.5 

Average ....... 8.6 1 3.0 0.34 19.3 

" Subtraction of a large school of Ammodytes americanus taken March 22, 1956 which had an extra
ordinarily high percentage of empty stomachs gives 2.7°/0 as the total for the spring at St. r. 

after as OTHERS) regardless of species compos1t10n or seasonal distribution. 
Eight prey were chosen: N. incisa, M. cristata, all copepods, N. americana, 
L. pinguis, C. septemspinosus, N. proxima, and all fish. All other prey were 
also grouped as one (hereafter "others"). The method employed for the study
of food selection establishes an arbitrary and relative index of the amount of
a given prey eaten by a given predator in relation to the amount of that prey
eaten by all other species of predators and the amount of other prey eaten by
the predator in question (see Smith, 1950).

Thus in a particular sample or in a series of samples which we intend to 
combine into a single average value, we define the following: 

Pr number (or volume) of prey of a given species found in the stomach 
contents of a given species of predator. 

.EPr = number or volume of the same species of prey found in all predators . 
.ERr = number or volume of all prey taken by the given predator under con

sideration. 

Then the ratio Pr/EPr indicates the relative proportion of the total con
sumption of the given prey species which is allocated to the chosen predator 
species. The ratio Pr/.ERr indicates the degree to which this predator feeds 
on the given species of prey to the exclusion of other prey. The index of com
petitive independence, C. I., combines the two ratios. Thus C. I. = (Pr)2/ 
(.EPr .ERr). The index so obtained ranges from zero to unity. An index of 
zero indicates that none of the given species of prey is eaten by the predator 
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TABLE V. SCORES OF COMPETITIVE INDEPENDENCE DETERMINED FOR THREE 
RESIDENT PREDATORS - M. bilinearis, s. aquosus, P. americanus, AND FOR 
OTHERS - AND FOR EIGHT PREY AND "others", FOR EACH SEASON AND FOR 
THE TOTAL YEAR, BY BOTH AVERAGE NUMBER AND AVERAGE VOLUME OF 
PREY/PREDATOR SPECIES. A+ SIGN INDICATES A SCORE LESS THAN 0.001; 

A ? INDICATES THAT THE AMOUNT WAS NOT DETERMINED. SEE TEXT FOR 
EXPLANATION OF THE EQUATION FOR SCORES. 

Prey Species 

June-August 

M. bilin.

Nephthys incisa .... . 
Melinna cristata ... . 
Copepods (all) .... . 
Neomysis americana . 
Leptoc heirus pinguis .. 

Crago septemspinosus . 
Nucula proxima ... . 
Fish ............. . 
''others'' . . . . . . . . .  . 

N 

.000 

.ooo 

. 000 

.014 

.000 

.495 

.000 

.ooo 

.000 

S eptem ber-N ovember 
Nephthys incisa . . . . . .000 

Melinna cristata . . . . .000 
Copepods (all) . . . . . .001 

Neomysis americana . .023 
Leptocheirus pinguis.. + 
Crago septemspinosus . .007 
Nucula proxima . . . . .000 

Fish .............• . 050 

"others" . . . . • . . . . . .010 

December-February 
Nephthys incisa . . . . . .000 

Melinna cristata . . . . .000 

Copepods (all) . . . . . .000 

Neomysis americana . .023 
Leptocheirus pinguis. . .007 

Crago septemspinosus . .015 

Nucula proxima . . . . .000 

Fish .............. . 003 

"others" . . . . . . . . . . .000 

March-May 
Nephthys incisa . . . . . .000 

Melinna cristata . . . . .000 

Copepods (all) . . . . . + 
Neomysis americana . .017 

Leptocheirus pinguis . .023 
Crago septemspinosus . .015 

Nucula proxima . . . . .000 

Fish .............• . 027 

"others" . . . . . . . . . . + 

V 

.000 

.000 

.000 

+ 
.000 

.759 

.000 

.000 

.000 

.000 

.000 

+ 
.018 

+ 
.265 

.000 

.002 

+ 

.000 

.ooo 

.000 

.014 

.003 

.295 

.000 

.051 

.000 

.000 

.000 

+ 
.001 

.013 

.106 

.000 

.251 

+ 

S. aquas.

N 

.000 

.000 

.000 

.932 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.650 

.000 

+ 
.000 

.000 

.000 

.000 

.000 

.000 

.064 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.352 

.000 

.000 

.000 

.000 

.000 

V 

.000 

.000 

.000 

.977 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.557 

.000 

+ 
.000 

.000 

.000 

.000 

.ooo 

.ooo 

.168 

.ooo 

.ooo 

.000 

.000 

.000 

.ooo 

.ooo 

.ooo 

.385 

.ooo 

.000 

.000 

.000 

.000 

P. amer. 

N 

.015 

.321 

.000 

+ 
.ooo 

.000 

.004 

.000 

.603 

.004 

.025 

.000 

+ 

.564 

.000 

.000 

.ooo 

.032 

.184 

.113 

.000 

+ 
.008 

.000 

.000 

.000 

.001 

.125 

.021 

.000 

.001 

.265 

.000 

.021 

.000 

.021 

V 

.371 

.000 

+ 
.000 

.ooo 

.ooo 

.097 

.056 

.000 

+ 
.283 

.000 

.000 

.000 

.376 

.091 

.098 

.000 

+ 

+ 
.000 

.000 

.000 

.003 

.298 

.014 

.000 

+ 
.120 

.000 

.006 

.000 

.018 

OTHERS 

N 

.ooo 

.ooo 

.ooo 

.ooo 

.ooo 

.146 

.ooo 

.ooo 

.051 

.001 

.001 

.554 

.085 

.003 

.045 

.002 

+ 
.043 

V 

.000 

.000 

.000 

.000 

.000 

.094 

.000 

.000 

.588 

? 

.051 

.069 

.001 

.373 

.110 

.045 

.009 .313 

.000 .000 

.539 .060 

.394 .248 

+ .147

.005 .007

.ooo .000

.003 .063

+ + 

+ .010

.ooo .000

.544 .024

.142 .116

.031 .167

.019 .132

.000 .000

.009 .020

.112 .238

(Cont.) 
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TABLE V. (Cont.) 

Prey Species M. bilin. S. aquas. P. amer. OTHERS 

June-August 
N V N V N V N V 

Nephthys incisa . . . . .  .023 .021 .000 .000 .001 + .103 ,402 
Melinna cristata . . . .  .000 .000 .000 .000 .018 .060 .000 .ooo 
Copepods (all) ..... .000 .000 .ooo .000 .000 .ooo .000 .ooo 
Neomysis americana . . .000 .000 .969 .991 .000 .000 + + 

Leptocheirus pinguis . . + + .ooo .000 .861 .258 .025 ,274 
Crago septemspinosus . .140 .414 .ooo .000 .000 .ooo .204 .045 
Nucula proxima . . . .  .000 .000 .000 .000 .000 .000 + + 

Fish .............. .027 .084 .ooo .000 .ooo .000 .ooo .ooc 
"others " .013 .001 .000 .000 .009 .064 .116 .032 . . . . . . . . . .

Totals 
Nephthys incisa . . . . . + .002 .000 .000 .014 .040 .006 .155 
Melinna cristata . . . .  .000 .000 .000 .000 .104 .030 + 

Copepods (all) ..... + + .000 .000 .000 .000 .536 -030
Neomysis americana . . 019 .004 .346 .429 + + .222 .085
Leptocheirus pinguis . . + .001 .000 .000 .432 .157 .003 .097
Crago septemspinosus . 043 .405 + + .000 .000 .019 .119
Nucula proxima . . . .  .000 .ooo .000 .000 .002 + + + 

Fish .............. . 007 .042 .000 .000 .000 .000 .002 .021 
"others " .001 + .000 .000 .073 .051 .011 .J 11 . . . . . . . . . .

in question. An index of unity is obtained under the extreme conditions where 
the given prey is the only food taken by the chosen predator and is not eaten 
by any other predator. Scores between unity and zero indicate feeding overlap 
resulting from three possible situations. In the first place, active interspecific 
competition may be present. In this analysis it is difficult to separate the effect 
of active competition from the effect of passive indifference to a prey or the 
lack of specific ability of a predator to catch a prey which is actively consumed 
by another predator. The actual degree of dependence of a predator on a given 
prey can be judged when the index is either fairly high or very low. Yet, this 
method measures the amount of interference from other predators a little 
more clearly than either the "frequency" or "dominance" methods of Nilsson 
(1955). However, its application requires the assumption of constant prey 
availability, a less important assumption for the application of Nilsson's techni
ques (1955, 1960). 

Differences in scores, depending on whether numbers or volumes were 
used in the computation, are noted in Table V. Such differences were minimal 
in cases such as S. aquosus, which was almost entirely dependent on one species 
of prey. Differences were larger when prey of different sizes were commonly 
eaten. Since the method does not lead to a single clear-cut result, it seems 
desirable to list both sets of scores. 
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1 The total annual scores listed in the lower part of Table Vindicate that there 
is little competition among the three resident species for any one prey. M. bili
nearis ate 14 species but concentrated on C. septemspinosus, while S. aquosus 
was almost entirely limited to N. americana. P. americanus relied primarily on 
N. incisa, M. cristata, and L. pinguis, although the total list of prey included
49 species. Some competition existed between S. aquosus and OTHERS and
between M. bilinearis and OTHERS, but no really serious competition arose
between P. americanus and OTHERS with the possible exception of one of the
group, S. chrysops. On the whole the OTHERS group relied upon N. incisa,
copepods, N. americana, L. pinguis, and C. septemspinosus out of a total of 57
prey identified to species. These species varied in importance, depending on the
constituents of the predator group, the season of the year, and the method of
measuring prey quantity (Table V). Copepods were eaten only by OTHERS,
and there was always some species present, in addition to S. aquosus, which
fed on mysids. Those species in OTHERS which ate any significant amount of
mysids were B. tyrannus, .A. mitchilli, U. chuss, U. regius, C. regalis, and
P. carolinus; none relied upon it heavily with the exception of the last one in
the list. C. septemspinosus, the favorite food of M. bilinearis, was eaten by
U. chuss, U. regius, P. carolinus, and P. oblongus. Only the last relied upon it
heavily. The constant presence of juveniles of both this species and the whiting,
as well as the sea robin and the windowpane, would perhaps result in serious
food competition. Prey other than the favorite species were eaten only by
P. americanus and OTHERS to any extent, the former because of the euryphagous
nature of its diet, the latter due to the inclusion of predators of varying food
habits within the group.

In addition to variations which resulted from the method of determining the 
quantity of prey consumed, there were other fluctuations in these scores. These 
are discussed below for each species in turn, along with simultaneous analyses 
of the effect of fluctuations in prey and predator diversities on the scores of 
each predator. The results are shown in Fig. 3. 

In general, the scores of M. bilinearis, which remained at a rather low level 
throughout most of the year, increased during summer when the whiting 
concentrated on C. septemspinosus. At this time predator diversity was low. 
An increase in diversity was accompanied not only by a decrease in the whiting's 
total score, but also by an increase in the variety of its prey. 

Precipitous seasonal changes in S. aquosus scores of competitive independence 
are noted involving one species, N. americana. Decreasing steadily from sum
mer to winter, the scores increased through the spring to a high again the 
following summer. There was, of course, no connection between the scores 
and prey diversity due to the stenophagous nature of the windowpane's diet. 
Rather, these scores were inversely proportional to changes in predator diversity. 
Since such a variety and number of fish consume N. americana in L.I.S., the 
apparent seasonal fluctuations in S. aquosus scores for this prey may have 
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Figure 3. Seasonal change in predator diversity and competitive independence scores by number 
(solid line) and volume (dashed line) for S. aquosus, M. bilinearis, P. americanus, and 
OTHERS. 

resulted directly from changes in predator diversity rather than from changes 
in prey availability or from changes in physical characteristics of the Sound. 

Competitive independence scores for P. americanus varied considerably. In 
the first place, those based on numbers of prey decreased during fall and winter 
and increased during spring as did the scores of the other two residents. On 
the other hand, the scores resulting from volume measurements increased 
during spring and fall but decreased during winter and during summer. Thus, 
fluctuations by volume were directly proportional to changes in prey and 
predator diversities combined, while fluctuations in scores for numbers of prey 
were proportional to changes in predator diversity only. These results may 
have been due to the expansion of the winter Hounder's diet to include less 
commonly consumed prey at the time of fall abundance of migratory predators, 
and to include a greater diversity of polychaetes and a greater amount of 
L. pinguis in the spring.

The scores of the remaining predators, OTHERS, fluctuated quite differently
from those of the three chosen residents, due to a combination of a variety of 
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predators and to definite seasonal trends in their feeding habits. By numbers 
the scores increased from summer to winter and decreased during the spring 
and thus were possibly proportional to changes in predator diversity. The corre
lation may be explained in part by the increased consumption of large numbers 
of mysids and copepods during the fall and winter. By volume, hardly any 
changes occurred in the scores. 

Removal of the prey called "others" from the total of all prey effected the 
scores of some predators. Naturally, no change occurred in the scores of 
S. aquosus, which depended on one chosen prey. By the same token very little
effect was noted in the M. bilinearis scores, because it depended on chosen
shrimp, mysid, and fish. Subtraction of "others" drastically altered the flounder
scores for summer and fall, the seasons in which the flounder created most of
the prey diversity. Removal of "others" resulted in little changes in the scores
of all other predators as a group, during fall and winter since copepods and
mysids were primarily eaten. During spring and summer however, a difference
was noted; other prey besides the chosen species were more heavily consumed
by a small variety of predators at these times.

DISCUSSION 

An accurate determination of the amount of food consumed by juvenile 
fish in L.I.S. depended on both counts and volume measurements of prey. 
Furthermore, the percentage of occurrence (relative number of species or 
individual predators consuming a prey) was necessary to measure the prey's 
horizontal spread through the fish population. The size of the prey combined 
with these measurements of quantity allowed comparison of the food of pre
dators from the mud locality with those from the sand-shell locality. 

The food of juvenile demersal fish at St. 3A was less varied than that from 
St. I, due in part to fewer fish examined, but also to the more uniform nature 
of available prey associated with the mud bottom. Nevertheless, the principal 
food at both stations consisted of the crustaceans, Neomysis americana and Crago 
septemspinosus. The first of these probably provided the basic diet of more 
predator species than any other organism in L.I.S. , while the second was 
eaten in greater volume than any other prey. The importance of copepods, 
L. pinguis, .A. acutifrons, and N. incisa should not be overlooked at either
station. The first two formed the basic diet of many species, while the two
polychaetes were important to the most common predator from both localities,
P. americanus.

The percentage of the total variety of identified prey which was consumed
by the principal predators at Sts. I and 3A was compared (see Table I; also 
Richards, I 963 b: table I, this issue). The majority of these predators consumed 
less than 20 °/o of the total variety of prey in both areas, while two predators, 

7* 
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S. chrysops and P. americanus, consumed 50 °/o or more of the total variety.
Many less common predators consumed less than I o 0/o of the variety of prey.
A few predators occurring in both areas consumed less variety at St. 3 A than 
at St. I, for example, S. chrysops. Fewer specimens were examined from St. 3A 
than from St. I (Fig. 1). Only two major predators, M bilinearis and U. chuss,
had a greater variety of food at St. 3 A than at St. I. This resulted in part from 
the larger total number examined from St. 3 A, but perhaps primarily to 
greater fluctuations in availability of their favorite prey at the mud locality. 
It is clear, however, that only a few prey constituted the major portion of the 
diets of most predator species from both areas. 

In general the nature of the diet of P. americanus was almost unique. Its 
dependence on polychaetes separated it from most others, which tended to be 
primarily crustacean feeders. Furthermore, its omnivorous tendencies allowed 
it to consume a variety of prey at any time. Although overlap existed between 
its food and that of other predators, extensive competition with the crustacean 
feeders was precluded by the Rounder's omnivorous diet. The greater size 
of the feeding niche of P. americanus, in contrast to the other resident predators, 
is probably the reason for its greater relative abundance in L.I.S. 

Immigration of migratory predator species, which occurred sporadically 
throughout the year, increased the chances of interspecific competition. How
ever, two factors tended to keep such competition to a minimum for all species 
with the exception of S. aquosus; the superabundant and well distributed food 
resources and the lack of territorial behaviour of the predators. The mobility 
of both prey and predators in a temperate marine environment such as L.I.S. 
results in constant shifts in the amount of feeding overlap, thus preventing the 
formation of well defined small feeding niches such as are common on Pacific 
coral reefs (Hiatt and Strasburg, 1960). 
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Capa B. P.11qap1w 

,!l;EMEPCAJI'bHOE HACEJIEHME PbIB B IIPOJIMBE JIOHr MCJIAH,!l;. 

3. IlHII\a MOJIO)J;H B HJIHCTOM MeCTHOCTH. CTaHIIHH 3A. 

KpaT1rnfi O6sop 
Han:6oJiee BaIBHhie orrpe)J;eJieHHhle Bli)J;hl ITHII\H )J;Bap;n;aTH BH)l;OB MOJIO)l;H p;eMep

caJihHhlX phl6 c rJiy6HHhl OT 21. 1 )l;O 217 .1 MeTpOB Ha CTaHIIHH 3A 6hlJIH Nepthys 

incisa Pseudodiaptomus corona/us, Labidocera aestiva, Neomysis americana, Leptocheirus 

pinguis H Crago septemspinosus. qHCJIO .11 o6neM Chep;eHHhlX paiwo6pa3HhlX 6nIJIH 

60JihIIIe '!eM TaKOBhie p;pyrn:x rpyrrrr O BOJihIIIHHCTBO XHII\HHKOB eJIH N. americana' 

a HaH60JihIIIHfi o6neM saHHMaJIH C. septemspinosus. 

CesOHHhie KOJie6aHHH Ha6mop;aJIHC"h n: B Ka'leCTBe n B paBHOpO)l;HOCTH ITH�H. 

Han:6oJiee saMeTHOfi Bap.11a11n:efi 6hlJIO yBeJIH'!eHHOe ITOllmpaHHe MaJieHhK.liX 

paKoo6pa8HhlX oceHhIO H 3HMOfi' Korp;a li paBH006pamrn Bli)l;OB XH�HHKOB TOIBe 

BOBpacTaJIO. 
CpaBHeHHe C p;aHHhlMH CTaHIIHH 1 IIOKaBaJio: 1)' 'ITO pa3H006pasn:e 6esrro-

3B0HO'!HhlX Chep;eHHhIX B MeCTHOCTH C .liJI.liCThlM )];HOM 6hlJIO MeHhIIIe TaKOBoro 

B MeCTHOCTH c rrecqaHo-paKOBHHHhlM )];HOM: 2), 'ITO 60JihlIIHM rrpo11eHT ITH�li 
COCTOHJI H8 opraHH3MOB rrpnnap;JielliaIIIHX MeCTHOfi <Dayne Ha CTaHI1HH 3A tJeM 
Ha CTaHIIHH 1: H 3) . 'ITO o6nHCHeHHe 8TOMY 3aKJIIO'l6eTCH' 6bITI, MOIBeT' B 6oJiee 

cJia6oM ocBel.l\eHHH p;na Ha CTaHIIHH 3A '!eM na CTann;n:n: 1. 

AnaJIH3 Bhl6opa IlHII\H IlOKaBaJI' 'ITO He 6nIJIO copeBHOBaHHH Memp;y H36pan -
HhlMH )l;JIH aHaJIHSa TpeMH MeCTHhlMH BH)l;aM.11 phl6, Merluccius bilinearis, Scoph

thalmus aquosus .11 Pseudopleuronectes americanus. B orrpep;eJieHHhie BpeMeHa ro)J;a 
HeKoTopoe copeBHOBaHHe na6JI10p;aJIOCh B rroJinsy N. americana II C. septemspinosus 

no cpaBneHHIO c M. bilinearis H S. aquosus, a MHrpn:pyro�Hfi rroTpe6n:TeJih paKoo-

6paBHhIX, P. americanus, n:s6eraJI KOHKypeHIIHIO KaK IlHTamrnM I lOJIHXeTaMH TaK 
H TeM 'ITO OH MHOrOH)l;eH. He60JihIIIHH, xoponro oqep'IeHHhIH rru�eBhrn HIIIIIH B 

HaCeJieHHHX p;eMepcaJihHhlX phl6 TI pOJIHBa BCTpeqaJIHC TOJlhKO H8pep;Ka. 
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APPENDIX 

THE FooD* OF EACH PREDATOR SPECIES FROM STS. 1 AND 3A: COLUMN A, THE PERCENT
AGE** OF ALL PREDATOR SPECIES WHICH ATE EACH PREY SPECIES; COLUMN B, THE PERCENT

AGE OF ALL PREY SPECIES EATEN BY ALL PREDATOR SPECIES. 

St. l 
A B

Nt=3 
Raja erinacea 89-1 10

mm 
Sand .................. + 
Pseudocalanus minutus ... 0 0 
Pseudodiaptomus coronatus 0 0 
Temora longicornis ....... + + 
Neomysis americana ...... + + 
Heteromysis formosa ..... l 3 
Leptocheirus pinguis . ..... 0 0 
Crago septemspinosus ..... + + 
Crustacean -unident. . . . 0 0 

N = 18 
33.9-

Clupea harengus 5 1.1mm, 
23.2cms 

Sand .................. + 
Diatoms + dinoflagellates . 57 73 
Eggs - invertebrate ..... 50 72

Paracalanus sp .......... 100 100 
Paracalanus crassirostris .. 45 60 
Pseudocalanus minutus ... 17 13 
Centropages hamatus ..... 75 30 
Pseudodiaptomus coronatus 0 0 
Temora longicornis ....... 1 + 
.A.cartia clausi ........... 25 16 
Acartia sp. . . . . . . . . . . . . 0 0 
Copepods - unident. . . . . 17 28 
Balanus balanoides ...... 0 0 
Neomysis americana ...... + 2 
Crustacean - unident. . . . 10 

N=9 
Alosa pseudoharengus 57.6-

10 1 mm 
Sand .................. + 
Temora longicornis ....... l + 
Labidocera aesti'Va ...... 8 11

Acartia tonsa ........... 17 8 

St.3A 
A B

N=5 
90-120 

mm 
0 0 
14 l 
10 33 
0 0 
0 0 
0 0 
l + 
4 2 

25 33 

N=24 
46.0-
122.1 
mm 
0 0 
0 0 
0 0 
0 0 
0 0 

86 99 
100 100 
2 1 2 
69 97 

0 0 
50 50 

0 0 
100 100 

6 4 
0 0 

N=O 

0 0 
0 0 
0 0 
0 0 

Acartia spp ............. 
Balanus balanoides 

(cyprids) ............ 
Leptocheirus pinguis ...... 
Neomysis americana ...... 

Alosa aesti'Valis 

Eggs -invertebrate ..... 
Centropages hamatus ..... 
Pseudodiaptomus coronatus 
Temora longicornis ....... 
Acartia spp ............. 
Copepod - unident. . ... 
Neomysis americana ...... 

Bre'Voortia tyrannus 

Centropages sp. •••o• ••• • 

Paracalanus crassirostris .. 
Temora longicornis ....... 
Labidocera aesti'Va ...... 
Acartia spp. . . . . . . . . . . .
Copepod * - uni dent ..... 
Balanus balanoides 

(nauplii) ............. 
Balanus balanoides 

(cyprids) ........... . 
Neomysis americana ..... . 
Photis reinhardi ......... 
Palaemonetes 'Vulgaris . ... 
Crustacean - unident. ...

Anchoa mitchilli ......... 

* broken T. longicornis 
combined. 

* Stomach contents of less than 1 °/0 indicated by a plus sign.
** All percentages rounded off to the nearest whole number.
tN = number examined.

St. l St.3A 
A B A B 

+ 0 0 

l + 0 0 
3 + 0 0 
2 18 0 0 

N=2 N=! 
56.8, 93.2mm 

60.1mm 
8 + 0 0 

25 70 0 0 
0 0 2 + 
l + 0 0 

+ + 0 0 
8 1 1 0 0 
0 0 + + 

N=28 N =l 
16.2- 100mm 

120.l mm 
13 l 0 0 

22 >2 0 0 
7 9 0 0 
2 + 3 l 
+ + 25 2
8 4 0 0 

37 19 0 0 

19 6 1 0 0 
5 6 + 6 
6 4 0 0 

100 100 0 0 
5 0 0 
0 0 25 40 

and P. crassirostris 
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Anchoa mitchilli 

Sand ........ •••••••••• 
Diatoms+ Dino flagellates 
Centropages sp . . . . . . . . . .
Pseudodiaptomus coronatus 
Labidocera aesti'Va . . . . . .

Ostracods - unident. . ... 
Neomysis americana ...... 
Amphipod - unident. . . .
Pagurus longicarpus . . . . .

Osmerus mordax 

Neomysis americana .•.... 
Ampelisca sp. . . . . . . . . . .

Calliopius lae'Viusculus .. . .

Crago septemspinosus . . . . .

Merluccius bilinearis 

Sand .................. 
Hydroid medusa - unident. 
Nephthys incisa . . . . . . . . .

Temora longicornis .. . . . . .

Labidocera aesti'Va . . . . . .

Neomysis americana ...... 
Heteromysis formosa . . . . .

Edotea montosa . . . . . . . . .

Ampelisca sp ........... 
Leptocheirus pinguis . . . . . .

Corophium cylindricum . . .

Corophium sp. . . . . . . . . . .
Aeginella longicornis . . . . .

Amphipod - unident. ... 
Crago septemspinosus . . . . .

Crab - unident. . . . . . . . .
Yoldia limatula . . . . . . . . .

Macoma tenta . . . . . . . . . .

Ensis directus .. . . . . . . . . .

Mitrella lunata . . . . . . . . .

Loligo sp ............... 
Anchoa mitchilli .. . . . . . . .

Merluccius bilinearis .. . . .

Ammodytes americanus . . .

Fish - unident .......... 
Animal remains ........ 

St. 1 
A B 

N=6 
64.0-

83.1mm 
0 0 

14 + 
7 2 
2 6 
7 34 

25 6 3  
I I 
0 0 
0 0 

N=2 
136.5, 

147.8mm 
+ I

2 8 
50 67  
+ 

N = Ill 
72.5-

211mm 
+ 

0 0 
0 0 
0 0 
0 0 

14 15 
3 I 
0 0 

10 13 
9 4 
0 0 
2 I 
0 0 

14 13 
24 25 
25 25 
0 0 
0 0 
4 I 
0 0 
0 0 

25 40 
50 50 
6 0  45 
0 0 
0 0 

.Appendix 

St.3A 
A B 

N =18 
6 3.5-

78.4mm 
4 
0 0 
0 0 

33  57 
94 77 
0 0 
7 4 

25 
50 50 

N=l 
166.7 
mm 

+ l 

0 0
0 0

l

N = 165 
62.8-

216mm 
0 0 

100 100 
5 2 

13 + 
3 16 

29 15 
0 0 
7 I 
8 21 
8 + 

25 11 

0 0 
17 4 
0 0 

47 33  
0 0 

17 6 
25 8 
0 0 

33  50 
100 100 

75 6 0  
0 0 

40 14 
25 25 
25 

Pollachius 'Virens 

Calanus finmarchicus . . . . .

Paracalanus crassirostris .. 

Pseudocalanus minutus . . .

Pseudodiaptomus coronatus 
Temora longicornis .. . . . . .

Ac artia clausi. . . . . . . . . . . 
Acartia spp ............. 
Tortanus discaudatus . . . . .

Neomysis americana ...... 
Heteromysis formosa . . . . .

Stenothoi! cypris . . . . . . . . .

Siphonoecetes smithianus . .

Caprellid - unident. ..... 

Enchelyopus cimbrius 

Sand .................. 
Polychaete - unident . ... 
Nephthys incisa . . . . . . . . .
Cytheridea americana . . . .

Neomysis americana .. . . . .

Edotea montosa . . . . . . . . .

Ampelisca sp ............ 
Crago septemspinosus . . . . .

Neopanope t. sayi .. . . . . . .

Mollusk - unident ....... 

Urophycis chuss 

Sand .................. 
Twig ................. 
Nereidae - unident ...... 
Nephthys incisa . . . . . . . . .
Nephthys sp ............. 
Glycera sp .............. 
Polychaete - unident. . . .

Sarsiella zostericola .. . . . .

Cytheridea americana . . . .

Neomysis americana ...... 
Heteromysis formosa . . . . .

Edotea montosa . . . . . . . . .

Ampelisca sp ............ 
Leptocheirus pinguis . . . . . .

95 

St. 1 St.3A 
A B A B 

N=22 N=0 
23.1-

66.2mm 
100 100 0 0 
22 3 7  0 0 
67  79 0 0 

I + 0 0 
3 + 0 0 

17 I 0 0 
3 I 0 0 

100 100 0 0 
4 3 0 0 
5 51 0 0 
2 l 0 0 
5 3 0 0 
7 I 0 0 

N=0 N=9 
146.8-
217.l 
mm 

0 0 4 
0 0 8 + 
0 0 8 4 
0 0 9 7 
0 0 + + 
0 0 3 + 
0 0 8 16 
0 0 I 
0 0 50 50 
0 0 17 17 

N 21 N=27 
85.9- 70-
203.8 16 8.3 
mm mm 

l 0 0 
50 50 0 0 

7 5 0 0 
0 0 13 14 
0 0 50 25 
6 4 0 0 

2 I 4 + 

0 0 10 6 
0 0 9 7 
2 I 4 I 
3 2 0 0 
0 0 IO 9 
2 I 0 0 
5 4 7 
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Corophium sp . .......... 
Aeginella longicornis . . . . .

Crago septemspinosus . . . . .

Callianasa stimpsoni .. . . . .

Neopanope t. sayi . . . . . . . .

Pinnixia sayana . . . . . . . . .

Crustacean - unident. . . .

Cerastoderma pinnulatum .

Urophycis regius 

Sand .................. 
Hydroid - unident. . . . . .

Nephthys incisa . . . . . . . . .

G!ycera americana ....... 
Polychaete - unident. ... 
"Stuff"* ............... 
Pseudodiaptomus coronatus 
Temora longicornis .. . . . . .

Halocypris bre<Virostris? . .

Ostracod - unident. ..... 
Neomysis americana ...... 
Heteromysis formosa .. . . . .

Edotea montosa ......... 
Stenothoe cypris ......... 
Calliopius lae<Viusculus . . . .

Leptocheirus pinguis .. . . . .

Unciola irrorata ........ 
Corophium cylindricum . . .

Corophium sp. ... · · · · ·  .. 
Caprella geometrica . . . . . .

Caprella linearis . . . . . . . .

Crago septemspinosus . . . . .

Crab - unident. . . . . . . . .

Crustacean - unident. ... 
Macoma tenta . . . . . . . . . .

.Ammodytes americanus . . .

Animal remains ........ 

St. 1 
A B

3 2 
0 0 
9 18 

100 100 
0 0 
0 0 
0 0 
0 0 

N = 17 
56.1-
195mm 

2 
1 
4 2 

50 57 
2 1 
2 2 
0 0 
1 + 

100 100 
100 100 

1 + 

5 5 
100 100 

3 2 
50 33 
5 5 
9 8 
0 0 
2 1 
14 4 
3 + 

3 8 
25 25 
5 

11 5 
17 9 
0 0 

St.SA 
A B

0 0 
33 2 1 
13 8 
0 0 

50 50 
100 100 
25 33 
20 4 

N=l6 
48.2-
186.1 
mm 
4 
0 0 
5 l 

0 0 
8 
0 0 
2 + 

19 3 
0 0 
0 0 
3 + 

0 0 
0 0 
0 0 
0 0 
8 1 
0 0 

25 44 
0 0 
0 0 
0 0 
6 4 
0 0 
0 0 
0 0 

60 86 
25 

* Amorphous mass of organic material found
only in species which ate polychaetes. 

N=4 N=O 
.Apeltes quadracus 43-53

mm
Temora longicornis .. . . . . . + 0 0 
Labidocera aesti<Va . . . . . . 5 1 0 0 
.Acartia spp ............. + + 0 0 

Balanus balanoides 
(nauplii) ............. 

Balanus balanoides 
(cyprids) ............ 

Neomysis americana ...... 
Crustacean - unident. . . .

Syngnathus fuscus 

Eggs - invertebrate ..... 
Pseudodiaptomus coronatus 
Temora longicornis .. . . . . .

Eurytemora sp. ......... 
Acartia tonsa . . . . . . . . . . .

Acartia sp .............. 
Alteutha depress a . . . . . . . .

Neomysis americana .. . . . .

Stenothoe cypris . . . . . . . . .

N assarius tri<Viattatus . . . .

Menidia menidia 

Sand .................. 
Algae ................. 
Egg -fish ............. 
Pseudodiaptomus coronatus 
Temora longicornis .. . . . . .

Labidocera aesti<Va . . . . . .

Acartia spp ............. 
Copepod - unident . ..... 
Cyclopoid ............. 
Neomysis americana . . . . . .

Heteromysis formosa ..... 

Cynoscion regalis 

Eggs - invertebrate ..... 
Pseudodiaptomus coronatus 
Temora longicornis .. . . . . .

Labidocera aesti<Va . . . . . .

.Acartia spp ............. 
Neomysis americana ...... 
Nebalia sp.? . . . . . . . . . . .

Ampelisca sp ............ 
Leptocheirus pinguis • . . . . .

Corophium sp . .......... 
Amphipod - unident. ... 

[XVII! 

St. 1 St3A. 
i 

A B A B Ii jl 
2 + 0 11 0 

)i 
0 0 

0
11 

+ + 0 0 ,, 

6 0 0 
·i

I 

N = 13 N=3 
88- 177.6 data 

mm lost 
8 26 
3 5 
1 + 

100 100 
17 8 
+ + 

100 100 
1 + 

5 4 

50 50 

N=54 N=3 
47- 1 16.9 data 

mm lost 
2

25
50 67 

2 + 

3 +

2 + 

6 2 
17 6 

100 100 
5 4 
3 1 

N=23 N=48 
40-99 37-82.5 
mm mm 
8 + 0 0 
4 2 2 +

2 + 0 0
5 1 27 7 1

0 0 20 20 

+ + 14 12 

100 100 0 0 

6 8 0 0 

1 + 3 +

2 1 + + 

7 7 0 0 
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Crago septemspinosus . . . .  . 

Upogebia af.finis . . . . . . . .  . 

Pagurus sp ............ . 
P anopeus herbstii . . . . . . .  . 

Anchoa mitchilli . . . . . . . . . 

Fish - unident ......... . 

Centropristes striatus 

Sand ................. . 
Hydroid - unident . .... . 
Sternaspis acutata . . . . . .  . 

Polychaete - unident. . .. 
Pseudodiaptomus coronatus 
Temora longicornis . . . . . .  . 

Acartia spp ............ . 
Neomysis americana ..... . 
Heteromysis formosa . . . .  . 

Michtheimysis stenolepis . .

Ampelisca sp ........... . 
Stenothoif cypris . . . . . . . .  . 

Stenothoif sp ............ . 
Erichthonius brasiliensis . .

Corophium sp . ......... . 
Aeginella longicornis . . . .  . 

Caprella linearis . . . . . . .  . 

Caprellid - unident ..... . 
Crago septemspinosus . . . .  . 

Pagurus sp . ........... . 
Panopeid - unident ..... . 
Crab larvae ........... . 
Crab - unident. . ...... . 

Stenotomus chrysops 

Sand ................. . 
Twig ................ . 
Eggs - invertebrate .... . 
Hydroid - unident . .... . 
Cerebratulus luridus . . . .  . 

Nemerteans - unident ... . 
Autolytus sp ............ . 
Lepidonotus squamatus . . .  . 

Sthenelais gracilis . . . . . .  . 

Phyllodoce fragilis ...... . 
Eteone alba . . . . . . . . . . .  . 

Nereis pelagica ......... . 
Nereis sp .............. . 

St. 1 
A B 

7 4 
50 57 
4 8 
4 3 

50 40 
0 0 

N=28 
19.l-

49.5mm 
3 
1 

100 100 
2 1 
6 1 
3 + 

+ + 
4 1 

25 14 
25 40 

6 3 
8 3 

16 9 
19 45 
11 5 
2 + 

10 14 
13 8 

3 2 
26 21 

9 5 
100 100 

25 25 

N = 167 
20-

146mm 
11 
50 50 
17 + 
21 
10 + 
14 
50 50 
29 23 
11 4 
76 94 

0 0 
17 13 
0 0 

.Appendix 

St.3A 
A B 

5 2 
0 0 
0 0 
0 0 
0 0 

50 50 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

N=l4 
28.6-

82.8mm 
0 0 
0 0 
0 0 
0 0 
0 0 

37 
0 0 
0 0 
0 0 

100 100 
100 100 

0 0 
40 33 

Nereidae - unident ..... . 
Neanthes succinea . . . . . .  . 

Nephthys incisa . . . . . . . .  . 

Nephthys sp ............ . 
Nephthyidae - unident. .. 
Lumbrinereis sp ........ . 
Glycera americana ...... . 
Glycera dibranchiata . . . .  . 

Glycera sp ............. . 
Arabella iricolor . . . . . . .  . 

Cirratulus grandis . . . . . .  . 

Cirratulus sp ........... . 
Ampharete acutifrons . . . .  . 

Ampharete sp . ......... . 
Melinna cristata . . . . . . .  . 

Cistenides gouldii . . . . . . .  . 

Capitella capitata . . . . . . .  . 

Capitellidae - unident ... . 
Maldane sp . .......... . 
Maldanidae - unident ... 
Flabelligera a/finis . . . . .  . 

Amphicora f abricii . . . . . . 

Eupomatus dianthus ..... . 
Paranaitis speciosa ...... . 
Polychaete - unident . .. . 
"Stuff"* .............. . 
Clitellio arenarius . . . . . .  . 

Oligochaete - unident ... . 
Worm - unident . ...... . 
Sagitta sp . ............ . 
Pseudodiaptomus coronatus 
Temora longicornis . . . . . .  . 

Labidocera aesticva . . . . .  . 

Acartia clausi . . . . . . . . . .  . 

Acartia tonsa . . . . . . . . . .  . 

Acartia spp ............ . 
Copepod - unident ..... . 
Sarsiella zostericola . . . . .  . 

Cytheridea americana . . .  . 

Neomysis americana ..... . 
Heteromysis formosa . . . .  . 

Michtheimysis stenolepis . . . 

Mysid - unident . ...... . 
Edotea montosa . . . . . . . .  . 

Ampelisca sp ........... . 
Stenothoif cypris . . . . . . . .  . 

Stenothoif minuta . . . . . . .  . 

Stenothoif sp ............ . 
P hotis reinhardi . . . . . . . .  . 

Podoceropsis nitida . . . . .  . 

St. 1 
A B 

20 14 
5 3 

19 15 
0 0 
9 7 

100 33 
25 14 
0 0 

19 17 
0 0 

25 17 
0 0 
8 3 

14 9 
64 59 
67 73 
25 40 
85 92 
50 33 

0 0 
0 0 

38 47 
92 94 
0 0 

24 24 
61 64 

8 I 
25 12 
50 50 

100 100 
48 61 
19 2 
44 15 
17 1 
50 76 
21 7 
25 8 
0 0 
0 0 

10 2 
15 12 
75 60 

100 100 
0 0 

16 28 
28 31 

100 100 
46 44 
12 1 
9 10 

97 

St.3A 
A B 

0 0 
0 0 
6 4 

50 75 
0 0 
0 0 
0 0 

100 100 
0 0 

25 4 
0 0 

100 100 
22 26 

0 0 
15 36 
25 10 
0 0 
0 0 
0 0 

100 100 
20 17 

0 0 
0 0 

100 100 
27 94 
0 0 
0 0 
0 0 
0 0 
0 0 

10 7 
0 0 

13 5 
0 0 
0 0 
0 0 
0 0 

30 41 
9 7 
4 +
0 0 
0 0 
0 0 

13 8 
33 26 
25 10 
50 50 

0 0 
0 0 

56 52 
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Leptocheirus pinguis . ..... 
Erichthonius brasiliensis . . 
Unciola irrorata ........ 
Siphonocoetes smithianus ... 
Corophium sp . .......... 
Aeginella longicornis ..... 
Caprella geometrica ...... 
Caprella linearis ........ 
Caprellid -unident ...... 
Amphipod -unident. ... 
Amphipod -sand tube .. 
Crago septemspinosus ..... 
Pagurus longicarpus ..... 
Pagurus sp . ............ 
Panopeid .............. 
Crustacea -unident. . . . . 
Nymphon grossipes •...... 
Nucula proxima ......... 
Macoma tenta .......... 
Ensis directus ........... 
Mulinia sp . ............ 
Pelecypod -unident ..... 
Crepidula sp ............ 
Acmea sp ............... 
Mollusk -unident ....... 
Animal remains ........ 

St. 1 
A B

14 9 
25 11

18 15 
14 9 
21 18 
32 30 
14 4 
42 45 
20 21 
36 33 
40 50 

4 1 
33 33 
14 10 

4 
39 
60 67 

0 0 
44 33 

4 1 
56 74 
28 34 

4 5 
17 10 

0 0 

St.3A 
A B

6 4 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

20 20 
11 8 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

50 67 
0 0 

* Amorphous mass of organic material found
only in species which ate polychaetes. 

N=28 N = 12 
Tautogolabrus adspersus 38.3- 40-149.5

180mm mm
Sand .................. 2 0 0 
Hydroid -unident . ..... 4 0 0 
Neanthes succinea ....... 1 0 0 
Polychaete -unident. . .. 3 0 0 
Polychaete spines ....... 50 0 0 
Temora longicornis . ...... + + 0 0 
Acartia spp ............. + + 0 0 
Neomysis americana ...... 1 + 3 1 
Edotea montosa ......... 0 0 3 + 
Stenothoe cypris ......... 2 1 0 0 
Stenothoe sp ............. 5 2 0 0 
Orchomenella sp ......... 100 100 0 0 
Leptocheirus pinguis ...... 1 1 3 + 
Aeginella longicornis ..... 7 8 17 64 
Caprella geometrica ...... 28 21 0 0 
Caprella linearis ........ 5 8 0 0 
Caprellid -unident ...... 27 52 0 0 

Amphipod sand tube .... 
Crago septemspinosus ..... 
Panopeid -unident. ..... 
Crustacean remains ..... 
Crustacean -unident. ... 
Nucula proxima ......... 
Macoma tenta .......... 
E nsis directus ........... 
Pelecypod -unident ..... 
Mollusk -unident ....... 

Tautoga onitis 

Sand .................. 
Hydroid -unident. ..... 
Siphonocoetes smithianus .. 
Crago septemspinosus ..... 
Crab -unident. ........ 
Nymphon grossipes ....... 
Ensis directus ........... 
Pelecypod -unident ..... 

P holis gunnellus 

Lepidonotus squamatus .... 
Neanthes succinea ....... 
Caprella linearis ........ 
Amphipod coxal plates .. 

Ammodytes americanus 

Sand .................. 
Diatoms + Dinoflagellates 
Eggs - invertebrate ..... 
Eggs - fish, E. cimbrius . 
Polychaete -unident. . .. 
Pseudocalanus minutus ... 
Centropages sp. ......... 
Pseudodiaptomus coronatus 
Temora longicornis ....... 
Labidocera aestiva ...... 
Acartia clausi* .......... 
Acartia tonsa* .......... 
Acartia spp ............. 
Copepods -unident. .... 
Balanus balanoides 

(nauplii) ............. 

[XVIII 

St. 1 St.3A i 
A B A B l1 16 20 0 0 

3 l 0 Bl 
0 ti 

13 26 0 'I 

0 /1 
5 0 0 -1 
0 0 25 

(j 
33 ,1 

0 0 33 .t,i 
11 5 0 0 1i 13 5 0 0 

4 3 0 0 
100 100 17 8 

N=4 N=O 
48.8-

176mm 
+ 0 0 
2 0 0 
3 5 0 0 

+ 2 0 0 
25 25 0 0 
20 17 0 0 
4 l 0 0 
4 3 0 0 

N=3 N=O 
59-118.1

mm
14 8 0 0 

1 l 0 0 
I + 0 0 

0 0 

N=290 N=O 
74.3-

132.1mm 
3 0 0 

14 0 0 
8 + 0 0 

50 33 0 0 
2 1 0 0 

17 8 0 0 
81 97 0 0 

5 2 0 0 
42 85 0 0 
19 37 0 0 
42 82 0 0 
17 8 0 0 
55 88 0 0 
17 2 0 0 

60 81 0 0 
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1963] .Appendix 99 

St. I St.SA 
A B A B

Balanus balanoides 
(cyprids) ............ 79 38 0 0 

Neomysis americana . . . . . . 12 9 0 0 
Crustacean - unident. ... 10 0 0 
Ammodytes americanus 

larvae ............... 17 36 0 0 
Unidentified object ..... 0 0 

* Included as Acartia spp. more frequently
than as separate species. 

Poronotus triacanthus 

Spionidae - unident. .... 
Acartia spp ............. 
Copepod - unident ...... 
Neomysis americana ...... 
Isopod larvae .......... 
Amphipod tube ........ 
Shrimp - unident. ...... 
Decapod larvae ......... 
Squilla sp. pseudozoea ... 
Crustacean - unident. ... 
Animal remains ........ 

Gobiosoma ginsburgi 

Cerebratulus luridus . . . . .

Heteromysis formosa . . .  . . 
Corophium sp. . . . . .  ... . .

Prionotus carolinus 

Sand .................. 
Nereis pelagica .......... 
Nereidae - unident ...... 
Polychaete spines ....... 
Polychaete - unident. . . .
"Stuff"* ............... 
Paracalanus crassirostris 
Pseudodiaptomus coronatus 
Temora longicornis . . . . . . .

Labidocera aesti'Va . . . . . .

Acartia spp ............. 
Neomysis americana ...... 
Heteromysis formosa . . . . .
Oxyurostylis smithi . . . . . . .

Edotea montosa . . . . . . . . .

N = 14 
30-

74.8mm 
100 100 

6 2 
8 l 
+ + 

100 100 
20 33 

100 100 
100 100 

0 0 
5 

N= l 
27.1mm 

10 
3 + 

2 2 

N = 103 
21-

159.7mm 
14 
8 7 
7 5 

50 
0 0 
2 2 

11 2 
25 23 
12 1 
8 1 
2 + 

11 6 
29 10 

0 0 
0 0 

N=5 
21.6-

100mm 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

100 100 
0 0 
0 0 

N=0 

0 0 
0 0 
0 0 

N=23 
25.2-

98mm 
0 0 
0 0 
0 0 
0 0 
4 + 

0 0 
0 0 

18 15 
0 0 

14 7 
0 0 

11 24 
0 0 

100 100 
3 + 

St. 1 St.SA 
A B A B

Cyathura polita . . . . . . . . .  100 100 0 0 
Ampelisca sp ............ 5 2 0 0 
Stenothoe cypris . . . . . . . . . 20 25 25 10 
Stenothoe sp ............. 10 3 0 0 
Leptocheirus pinguis . . . . . . 7 6 21 3 
Erichthonius brasiliensis . . 25 11 0 0 
Unciola irrorata . . . . . . . . 9 8 50 50 
Siphonocoetes smithianus .. 9 6 0 0 
Corophium sp. . ......... 18 12 0 0 
Aeginella longicornis . . . . . 18 4 0 0 
Caprella geometrica . . . . . . 28 18 0 0 
Caprella linearis . . . . . . . . 22 6 0 0 
Crago septemspinosus . . . . . 25 21 9 5 
Pagurus sp . ............ 16 21 0 0 
Panopeid - unident ...... 4 3 0 0 
Crustacean-unident ...... 5 0 0 
Anchoa mitchilli . . . . . . . . . 25 20 0 0 

* Amorphous mass of organic matter found
only in species eating polychaetes. 

N=28 N=0 
Myoxocephalus aeneus 76.7-

134.9 mm 
Sand .................. + 0 0
Algae - unident ......... 25 0 0 
Neanthes succinea . . . . . . . 1 + 0 0
Neomysis americana . . . . . . 4 7 0 0 
Heteromysis formosa . . . . . 5 2 0 0 
P hotis reinhardi . . . . . . . . . 6 8 0 0 
Leptocheirus pinguis . . . . . . 3 1 0 0 
Crago septemspinosus . . . . . 7 9 0 0 
Panopeid - unident ...... 4 5 0 0 
Ammodytes americanus . . . 17 9 0 0 

N=8 N =12 
54.8- 33-

Paralichthys oblongus 122.6 137.7 
mm mm 

Neomysis americana ...... + + 5 4
Crago septemspinosus . . . . . 3 5 12 54 
Fish - unident .......... 0 0 25 25 

N=49 N=25 
31- 27.9-

Scophthalmus aquosus 131.8 130.l
mm mm

Sand .................. + 0 0
Temora longicornis . . . . . . . 1 + 0 0
Neomysis americana ...... 8 16 8 24 



100 Bulletin of the Bingham Oceanographic Collection 

Heteromysis formosa . . . .  . 

Crago septemspinosus . . . .  . 

Crustacean remains .... . 
Ensis directus . . . . . . . . . .  . 

Etropus microstomus 

Sand ................. . 
Sponge - unident . ..... . 
Hydroid - unident . .... . 
Nemerteans - unident ... . 
Nephthys incisa . . . . . . . .  . 

Nephthys caeca . . . . . . . . .  . 

Nephthyidae - unident .. . 
.A mpharete acutifrons . . . .  . 

Flabelligera a/finis . . . . .  . 

Polychaete - unident. . .. 
"Stuff"* .............. . 
Neomysis americana ..... . 
Edotea sp . ............ . 
Ampelisca sp ........... . 
Podoceropsis nitida . . . . .  . 

Leptocheirus pinguis . . . . .  . 

Siphonocoetes smithianus . . . 

Corophium sp . ......... . 
Caprella linearis . . . . . . .  . 

Caprellidae - unident ... . 
Crago septemspinosus . . . .  . 

Pagurus pollicaris . . . . . .  . 

Pagurus sp . ........... . 
Panopeid - unident ..... . 
Crepidula sp ........... . 

St. l 
A B 

1 + 
3 1 
6 
4 

N =12 
39.5-

99.8 mm 
l 

50 50 
1 
+ 

8 4 
17 11 
9 7 
2 + 
9 9 
2 5 
2 2 
l +

50 33 
2 3 
9 10 
1 + 
5 3 
2 2 
l +
7 2 
2 l 

100 
26 33 

4 3 
4 3 

St.3A 
A B 

0 0 
1 + 
0 0 
0 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

* Amorphous mass of organic material found
only in species eating polychaetes. 

P seudopleuronectes 
americanus 

Sand ................. . 
Diatoms+ Dinoflagellates 
Algae - unident ........ . 
Sponge - unident . ..... . 
Eggs - invertebrate .... . 
Hydroid - unident. . ... . 
Campanularidae ....... . 
Cerebratulus luridus . . . .  . 

Cephalothrix linearis . . . .  . 

N=287 
37-

165mm 

54 
14 + 
50 + 
50 50 
+ + 
67 

0 0 
80 99 
0 0 

N=86 
81-

159.5 
mm 

74 
0 0 
0 0 
0 0 
0 0 

100 100 
100 100 

0 0 
100 100 

Nemerteans - unident. .. . 
Syllidae .............. . 
Autolytus cornutus . . . . . .  . 

Autolytus sp ............ . 
Lepidonotus squamatus . . .  . 

Harmothoif imbricata . . . .  . 

Sthenelais gracilis . . . . . .  . 

Phyllodoce fragilis .. . . . .  . 

Eumida sanguinea . . . . . .  . 

Nereis pelagica ......... . 
N ereis ciliata . . . . . . . . . .  . 

Nereis sp .............. . 
Nereidae - unident ..... . 
Neanthes succinea . . . . . .  . 

Nephthys ingens . . . . . . . .  . 

Nephthys incisa . . . . . . . . . 

Nephthys caeca . . . . . . . . .  . 

Nephthyidae - unident .. . 
Arabella iricolor . . . . . . .  . 

Eunicidae - unident . ... . 
Lumbrinereis tenuis . . . . .  . 

Glycera americana ...... . 
Glycera dibranchiata . . . .  . 

Glycera sp ............. . 
Goniada gracilis . . . . . . .  . 

Megalona papillicornis . . .  . 

Cirratulus grandis . . . . . .  . 

Terebellidae - unident .. . 
Polycirrus eximus . . . . . .  . 

Ampharete acutifrons . . . .  . 

Ampharete sp . ......... . 
Melinna cristata . . . . . . .  . 

Ampharetidae - uni dent .. 
Cistenides gouldii . . . . . . .  . 

Capitella capitata . . . . . . .  . 

Capitellidae - unident ... . 
Scole<;i'.orm polychaete .. 
Tra<Vista sp ............ . 
Clymenella torquata . . . . .  . 

Maldane sarsi . . . . . . . . .  . 

Maldane sp . .......... . 
Praxillella sp .......... . 
Scalibregma injlatum . . . .  . 

.Arenicola sp . .......... . 
Flabelligera affinis . . . . .  . 

Amphicora fabricii . . . . .  . 

Potamilla neglecta . . . . . .  . 

Spionidae - unident. ... . 
Eupomatus dianthus ..... 
Polychaete - unident . .. 

[XVIII 

St. l 
A B 

85 
100 100 
100 100 

0 0 
57 69 

100 100 
89 96 
24 6 

100 100 
75 80 

100 100 
0 0 

67 76 
91 94 

100 100 
69 81 
83 89 
82 86 
80 83 

100 100 
100 100 
25 29 
91 88 
75 78 

100 100 
100 100 

75 83 
100 100 
100 100 
90 96 
86 91 
36 41 

0 0 
25 20 
75 60 
15 8 

100 100 
100 100 
100 100 

0 0 
50 67 
0 0 

100 100 
100 100 

91 91 
62 53 

0 0 
0 0 
9 6 

65 66 

St. 3A 
A B 
62 

100 100 
0 0 

100 100 
100 100 

0 0 
0 0 

33 7 
0 0 
0 0 
0 O 

60 67 
0 O 
0 O 
0 O 

64 74 
100 100 

0 O 
75 96 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

100 100 
100 100 

0 0 
78 74 
0 0 

85 97 
100 100 
75 90 

100 100 
100 100 

0 0 
0 0 
0 0 

100 100 
0 0 

100 100 
0 0 
0 0 

80 83 
0 0 

100 100 
100 JOO 

0 0 
54 5 
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St. 1 
A B 

"Stuff"* . .............. 33 32

[) 
Clitellio arenarius ....... 92 99

[) 
Oligochaete - unident .... 75 88 

Worm -unident . ....... 50 50 
[) 

[) 
Pseudodiaptomus coronatus 3 +

[) 
Temora longicornis ....... l +

D 
Acartia spp ............. + + 

7 
Sarsiella zostericola ...... 0 0 

D 
Cytheridea americana .... 0 0 

[) 
Neomysis americana ...... 3 8 

D 
Diastylis quadrispinosa ... 0 0 

7 Edotea montosa . . . . . . . . . 0 0 

[) 
Edotea sp. . . . . . . . . . . . . . 50 66 

[) 
Idothea sp .............. 100 100 

[) 
Cyathura polita . . . . . . . . . 0 0 

4 Ampelisca sp ............ 45 32 

) 
Stenothoif cypris . . . . . . . . . 32 32 

) 
Stenothoif minuta ........ 0 0 
Stenothoif sp ............. 22 42 

) 
Monoculodes edwardsi ... 100 100

) 
P hotis reinhardi ......... 76 75

) 
Podoceropsis nitida ...... 68 70 

) 
Leptocheirus pinguis ...... 54 69 

) 
Erichthonius brasiliensis .. 25 32

) 
Unciola irrorata ........ 64 69 

) 
Siphonocoetes smithianus .. 64 77

) 
Corophium cylindricum ... 0 0

) 
Corophium sp. . . . . . . . . . . 35 58 

) 
Aeginella longicornis ..... 82 58 

} 
Caprella geometric a ...... 14 53

) 
Caprella linearis ........ 8 10 

7 Caprellidae - unident .... 27 16 

) 
Amphipod - unident. ... 50 80

) 
Amphipod coxal plates .. 

) 
Crago septemspinosus ..... 3 1 

) Sabinea sarsii . .......... 100 100

) Upogebia afjinis ......... 50 43

) 
Pagurus longicarpus . . . . . 33 33 

) 
Pagurus sp ............. 16 12 

) 
Panopeid - unident ...... 57 55 

) 
Crustacean - unident. . . . 5 

) 
Nymphon grossipes ....... 20 17

) 
Nucula proxima ......... 0 0 

) 
Nucula sp .............. 100 100 

) 
Yoldia limatula ......... 0 0 

) 
Yoldia sp ............... 100 100 

) 
Lyonsia hyalina ......... 0 0 

) 

.Appendix IOI 

St.3A 
A B 

0 0 
0 0 
0 0 

100 100 
0 0 
0 0 
0 0 

60 53 
73 79 

3 +
100 100 
60 80 

0 0 
0 0 

100 100 
50 37 
50 70 
50 50 

0 0 
0 0 
0 0 

44 48 
43 89 
0 0 

50 25 
0 0 

50 44 
0 0 

33 11 
0 0 

100 100 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

50 50 
0 0 
0 0 
0 0 

80 80 
56 92 
0 0 

84 94 
0 0 

100 100 

Astarte undulata ........ 
1vlacoma tenta .......... 
Mulinia lateralis ........ 
Mulinia sp . ............ 
Cerastoderma pinnulatum . 
Gemma gemma .......... 
E nsis directus ........... 
Pelecypod - unident. .... 
Crepidula sp ............ 
Acmea sp ............... 
N assarius triviattatus .... 
Mitrella lunata ......... 
Retusa caniculatum ...... 
Gastropod - unident ..... 
Animal Remains . . . . . . .
Unidentified Object ..... 

St. 1 
A B

100 100 
33 57 
0 0 

31 18 
0 0 
0 0 

65 90 
20 14 
93 92 
83 90 
50 50 

100 100 
0 0 

100 100 
0 0 

St.3A 
A B 

0 0 
75 92 

100 100 
0 0 

80 96 
100 100 
100 100 

0 0 
0 0 
0 0 

100 100 
67 50 

100 100 
0 0 

50 67 
0 0 

* Amorphous mass of organic material found
only in species eating polychaetes. 

N=22 N =0 
Sphaeroides maculatus 29.4-

89.5mm 
Sand .................. 2 0 0 
Hydroid - unident . ..... 1 0 0 
Arabella irocolor ........ 20 17 0 0 
Glycera dibranchiata ..... 9 12 0 0 
Cistenides gouldii ........ 8 7 0 0 
"Stuff"* ............... 2 + 0 0 
Ampelisca sp ............ 3 2 0 0 
Stenothoif cypris . . . . . . . . . 2 0 0 
Stenothoif sp ............. 2 + 0 0 
Erichthonius brasiliensis .. 6 3 0 0 
Corophium sp. . . . . . . . . . . 2 1 0 0 
Caprella linearis ........ 8 16 0 0 
Pagurus longicarpus ..... 33 33 0 0 
Pagurus sp ............. 5 4 0 0 
Mulinia sp . ............ 12 8 0 0 
E nsis directus ........... 4 0 0 
Pelecypod - unident ..... 44 46 0 0 
Retusa caniculatum ...... 100 100 0 0 
Unidentified Object ..... 0 0 

Lophius americanus N=l N=0 
195mm 

Crago septemspinosus ..... + + 0 0 
Merluccius bilinearis . .... 50 50 0 0 
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