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ABSTRACT 

Stomach contents of fish and squid caught while bottom trawling 

off Cape Ann, Cape Cod, and Nantucket, Massachusetts, in November of 1976 

are examined. Special emphaSis is given to the feeding intensity and 

catchability of Atlantic mackerel. Fish prey identified in the Cape Ann 

and Cape Cod region is consistent with previous reports on fish food in 

those a.reas. Food was generally made up of benthic invertebrates, plank

tonic organisms, and fish and squid depending on the particular predator. 

Percentage similarity values (which indicate dietary overlap) were generally 

low between most predators. In waters off Nantucket the gammarid amphipod, 

Garrm.arus annulatus, was the principal prey and all species s.ampled preyed 

upon them to some extent. H·i gh di etary overl ap was noted between many 

species because of predation on Q. annulatus. Silver hake and spiny dog

fish ate mostly Atlantic mackerel in the Nantucket area. Data on mackerel 

provides some evidence they are caught mainly during daylight hours when 

bottom trawling, and initiate feeding sometime before dawn. 

ii 
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INTRODUCTION 

The multispec;es approach to fishery management was generally 

accepted in the late 1970· s (Edwards 1976; Gulland 1977, 1978; Grosslein 

et al. 1980). Management of whole ecosystems requires a better under-

standing of species interactions within fish communities. Studies of .. 
the feeding of fish and fish assemblages indicate resource partitioning 

and segregation of species in fish communities is an intricate web of 

species interrelationships (Tyler 1972; Schoener 1974; Ross 1977; 

Grosslein et al. 1980; Gabriel and Tyler 1980; Langton and Bowman 1980; 

Bowman 1981A, 1981B). Information on the coexistence of species within 

offshore communities is especially necessary for modeling species inter

actions. Such information is scarce from Northwest Atlantic waters 

(Grosslein et al. 1980). Studies on the food of fishes within fi?h 

communities give$ some indication of how resources' are partitioned. Fish 
~ ~ 

feed·;ng studies also provide information helpful for understanding the 

ecology of cohabiting species. 

The purpose of this study is to examine trophic feeding interactions 

between various Northwest Atlantic fishes and squids. Particular emphasis 

is given to Atlantic mackerel because little is known about their feeding 

behavior or vulnerability to bottom trawls when fishing in areas of known 

mackerel concentrations. This work is consistent with the overall objectives 

of NOAA's MARMAP (Marine Re·sources Monitoring, Assessment., and Prediction) 

program in the northeast (U.S.A.). 
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METHODS 

A fish feeding study was conducted in November 1976 by American 

and Polish scientists aboard the Polish research vessel WIECZNO. The 

shi p fi shed a modifi.ed No. 41 Yankee trawl for the fi rst 27 stat; ons and 

a Polish No. 28/32 trawl at subsequent stations. Fishing activities 

corrmenced at 0700 and ended at 2400 (EST) daily in waters off Cape Ann, 

Cape Cod, and Nantucket, Massachusetts (Figure 1). A 30-min trawl haul 

was made at a speed of 4.0 kn at each station. Data on time, depth, 

location, etc. for each station are listed in Table 1. Standard bottom 

trawl survey techniques used by personnel at the Northeast Fisheries 

Center (NEFC) located in Woods Hole, Massachusetts, 02543, were used to 

process the catch of all species at each station. All fish were measured 

to the nearest centimeter (fork length when applicable) and the total 

catch of each species weighed. After the catch was processed, stomachs 

were excised from as many fish or squid of selected species as time per

mitted before the next set of the traw1. 

A total of 599 stomachs from 31 species was collected. Stomachs were 

individually wrapped in gauze~ labeled, and preserved in 3.7 percent formal

dehyde. In the laboratory each stomach was opened and its contents emptied 

over a fine mesh screen sieve. The contents wer~ then flushed with water 

to remove the formaldehyde and transferred to a dish. Prey items were 

sorted, identified, counted, damp dried on bibulous paper and weighed. 

Parasites in the stomachs were included as part of the stomach contents. 
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Prey categories for each species are presented as the percentage 

they made up of the total weight of stomach contents (percentage weight) 

and as the percentage of the total number of fish whose stomachs contained 

a particular item (pe'rcentage occurrence). A table 1 ;sting percentage 

weight and occurrence of dietary items in taxonomic detail is given in 

the appendix for each predator. In the appendix tables, data for each 

area are presented separately and subtotals (offset and underlined) are 

given for broad taxonomic groupings (percentage weight only). On the 

right-hand side of the appendix tables the stomach content data for the 

three areas are combined and given as a percentage weight. Percentage 

occurrence information is not mentioned in the text. 

A summary of the stomach contents of all species sampled for each 

area is presented in Tables 2-4. In these tables, stomach content cate

gories are given in less taxonomic detail than those found in the appendix, 

and only as a percentage weight. Subtotals are offset for broad taxonomic 

groupings. In the text the percentage weight is included in parentheses 

after the first mention of a prey group to quantify that prey's importance 

in the diet. 

Dietary overlap was calculated as a percentage similarity according 

to the formula of Shorygin (Ivlev 1961) as follows: 

P.S. = 100-0.5r!a-b! 

or, more simply, by summing the smaller value, in this case the percentage 

weight, for all prey shared by two predators. That is: 

P.S. = 2: (a,b) 

where: 



P.s. = percentage similarity 

a = percentage weight of a given prey 

group for predator A. 

b = percentage weight of the same prey 

group for predator B. 

4 

If a +, indicating <0.1% weight, was the smallest value for any prey 

group in the table it was arbitrarily assigned a value equal to 0.05% for 

the calculationso In Figures 2-4 similarity values have been grouped into 

the following three categories to more readily illustrate dietary overlap: 

low, 0 to <30%; intermediate, 30 to <60%; and high, 60 to 100%. 

Data on feeding intensity of Atlantic mackerel at different times of 

day was determined by calculating the percentage body weight (% BW) made 

.up by the stomach contents of each fish and then obtaining the average for 

all fish sampledcwithin each 3 hr time period. Body weights were determined 

by using the following length-weight equation from Anderson et al. (1976): 

where: 

W = a Lb 

W = weight of fish 

a = 0.4136 x 10-5 

L = f~rk length of fish 

b = 3.1541 

The average number of fish caught per tow within 3-hr time intervals was 

calculated to determine diurnal variation in catchability. Additional 

catch data (from Bowman 1980) obtained during a feeding chronology study 
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conducted by sci enti sts aboard the R/V BELOGORSK in September 1978 on the 

southern part of Georges Bank is included here to docLDTlentmackerel catch

ability during time periods for which no data were gathered during the 

present study. The information ;s presented as the average catch per tow 

(in kilograms) for 3-hr time periods throughout the day. 

RESULTS 

In most instances fish prey can be broadly classified into three 

general categories; the benthos (consisting principally of polychaetes, 

benthic crustaceans, benthic mollusks~ and echinoderms), plankton (mostly 

euphausiids, mysids, copepods, chaetognaths, and some amphipod species), 

and fish and squid (Cephalopoda). Generally, the food of fishes and squids 

tends to be rather constant within one of the three prey groups noted 

above, being somewhat dependent on the age (length) of a particular predator 

(Edwards and Bowman 1979). Below, the predators sampled in each area are 

separated by the kind of food they consumed (usually >505h of their prey 

falls into one of the three categories) and more important prey groups 

(those making up >10% of their diet by weight) are noted. 

Area A - In the waters off Cape Ann food data on ten species were 

gathered (Table 2). Predators which ate primarily benthic organisms, and 

the percentage weights of the prey in their diet, were: fourbeard rockling, 

100% Polychaeta (73.0% Nephtys); white hake, 100% Pandalidae; witch flounder, 

98.8%; Polychaeta (44.7% Ampharetidae and 21.0% Onuphis); American plaice, 

92.7% Echinodermata (14.8% Ophiuroidea); and winter flounder, 100% 

Echinodermata (100% Ophiuroidea). 
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The only species which preyed on plankton was the alewife, and its 

diet included solely hyperi'id amphipods (100% Parathemisto). 

Four speci es ate mostly fi sh and squi d. S hort-fi'nned squi d stomachs 

contained 100% squid; barndoor skate ate fish which w-ere identified as 

Atlantic herring (100%); Atlantic cod consumed squid (91.8%), most of which 

was short-finned squid (91.1%); and silver hake whose stomach contents were 

made up of 99.6% fish (97.4% herring). 

Percentage similarity values were calculated from the data in Table 2 

and range from 0 to a maximum of 97 (Figure 2). It is readily seen in 

Figure 2 that the diets with the most similarity are those of short-finned 

squid and Atlantic cod (79%), a~d barndoor skate and silver hake (97%). 

Squid (73%) accounts for most of the similarity between the short-finned 

squid and Atlantic cod, while herring (97%) is the principal prey common 

_ to barndoor skate and silver ha~e. Fourbeard rockling and witch flounder 

diets have intermediate similarity. Unidentified polychaete worms make up 

most of the di etary ov·erl ap noted for thes~two speci es (27%). 

Area B - In the waters off Cape Cod, food data on 25 predators were 

gathered (Table 3). Predators which fed on the benthos were: barndoor skate, 

whose diet was principally pandalid shrimp (81.5% Dichelopandalus leptocerus); 

thorny skate~ which consumed most1y benthic crustaceans (87.6%) consisting 

mainly of Crangon septemspinosa (27.2%) and several species of lysianassid 

amphipods (15.4%); Atlantic cod, who preyed on benthic crustaceans (various 

taxa listed in Appendix Table 14 sum to 21.9%) and mollusks (Pectinidae 

32.5%); black sea bass, whose stomachs- contained unidentified Mollusca 

(63.0%), Cancer irroratus (25.2%), and the pandalid shrimp, Dichelopandalus 
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leptocerus (10.9%). Also, longhorn sculpin stomach contents included 

Corophiidae (44.7%), which was made up of Unciola irrorata (31.0%) and 

Ericthonius rubicornius (10.3%), and a large percentage of sand and rock 

(24.1%); alligatorfish preyed only on Corophiidae (100%) which were identi-

fied as Ericthonius rubicornis; witch flounder food was mainly polychaetes 

(97.4%), with Lumbrineris fragilis (57.7%) being the dominant species; the 

American plaice diet was principally ophiuroids (66.8%), most of which 

were identified as Ophiura sarsi (64.1%), along with sabellid worms (24.3%) 

identified as Potamethus; yellowtail flounder preyed mainly upon Corophi;dae 

(39.3%) mostly identified as Unciola inermis (27.7%) and Ericthonius 

rubricornis (10.6%), along with some unidentified ampharetid worms (12.2%); 

and winter flounder whose diet was principally unidentified worms (78.1%) 

and corophiid amphipods (13.7%). 

Six predators were classified as plankton reeders. The only prey 

identified in the diet of blueback herring was copepods (46.5%), of which 
4It 

41.7% were Cal,anoida. Alewife also ate copepods (51.0%) identified as 

Calanoida (46.3%) along with the hyperiid amphipod Parathemisto (36.7%). 

American shad and Atlantic herring preyed principally on calanoid copepods 

(74.9% and 100.0%, respectively). Atlantic mackerel stomachs contained 

fish scales (58.3%) and copepods (36.5%) of which 31.0% were Calanoida. 

Nothing was identified in the stomachs of butterfish taken from this area; 

they are only inc1uded here because they are known to feed primarily on 

planktonic organisms such as salps (see data for Area e). 

Fish and squid were eaten by the fo1lowing nine species: short

finned squid ate mostly squid (44.1%); almost all the food of long-finned 
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squid was unidentified (animal remains, 91.4%) but they did eat some fish 

(2.7%); spiny dogfish preyed on fish (81.4%), (66.4~b of the fish were her

ring and 15% were unidentified), and squid (18.6%); the diet of goosefish 

was principally Pisces (94.1%) including skates (79.5%) and flatfish (10.1%); 

haddock (although haddock ;s a known benthic feeder, e.g., see Edwards and 

Bowman 1979, it is included here based on the stomach contents identified 

during this study) stomachs contained mostly fish (48.3%) and benthic 

organisms such as Ophiuroidea (23.5%), (12.6% Ophiura sarsi and 10.7% 

Oohiopholis aculeata), and corophiid amphipods (11.6%) identified as mostly 

Unciola inermis (11.3%); silver hake preyed for the most part upon fish 

(89.6%), (67.0% were unidentified and 20.0% were found to be the sand 

lance, Ammodytes americanus);pollock ate large amounts of squid (83.9%) 

which were mostly Illex (72.5%) and Loligo peale; (10.1%); red hake 

stomachs contained 57.6% fish (all unidentified) and some benthic animals 

(the largest percentage was the photid amphipod, Leptocheirus pinguis, 

10.3%); white hake fed almost exclusively on fish (99.2%), (81.8% were 

identified as gadids and 17.3% were unclassified). 

Percentage similarity values based on the diets of fish sampled in 

Area B are presented ;n Figure 3 (calculations were made on data given in 

Table 3). High dietary overlap can be seen (looking at the rows of non

numerical boxes at the top of the figure, from left to right, for each 

species listed in the left-hand column and noting overlap with species 

directly above) between long-finned squid and butterfish (91%), blueback 

herring and American shad (62%), American shad and Atlantic herring (75%), 
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haddock and red hake (62%), and silver hake and red hake (65%). The per

centage simflarity between long-finned squid and butterfish is accounted 

for totally by animal remains and therefore is of little consequence. The 

similarity v·alue obtained for blueback herring and American shad was mostly 

copepods (47%), while the value for American shad and Atlantic herring was 

totally copepods (75%). Percentage similarity values for haddock and red 

hake, and silver and red hake are mainly accounted for by unidentified fish 

in their diet (48% and 58%, respectively). 

Intermediate similarity values obtained for various species pairs can 

be summarized as follows: those of no importance; values accounted for 

mostly by copepod prey; and overlap principally caused by fish and squid 

prey. Values obtained for short-finned squid and blueback herring, short

finned squid and butterfish, long-finned squid and blueback herring, and 

blueback herring and butterfish are made up for the most part (or totally) 

by animal remains and are therefore of no importance. Also of little 

significance is the similarity noted for thorny skate and longhorn sculpin 

(mainly unidentified crustaceans), and haddock and Atlantic mackerel, silver 

hake and Atlantic mackerel~ and red hake and Atlantic mackerel, all of 

which can be principally accounted for by fish scales found in the Atlantic 

mackerel stomachs (versus whole fish found in the stomachs of other species). 

Copepod prey was responsible for the overlap in the diets of blueback herring 

and alewife (47%), Atlantic herring (47%), and Atlantic mackerel (37%); 

also for the similarity between alewife and American shad (51%), Atlantic 

herring (51%), and Atlantic mackerel (37%); and for the values obtained 

for American shad and Atlantic mackerel (37%), and Atlantic herring and 
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Atlantic mackerel (37%). Fish and squid were dominant items in the diet of 

short-finned squid and pollock (44% squid), and haddock and silver hake 

(48% fi sh). 

Area C - Data on the dietary of 16 species of fish and squid sampled 

from the waters off Nantucket are summarized in Table 4. None of the species 

examined fed heavily on benthic organisms. Predators which fed chiefly on 

planktonic organisms (unless otherwise noted all percentages mentioned 

represent Gammarus annulatus, or unidentified Gammaridae assumed to be 

Gammarus annulatus, which is an essentially pelagic species according to 

Bousfield, 1973) were long-finned squid (47.6%), 1 ittle skate (52.8%,; 

their diet also included 36.2% scallop viscera which were likely discards 

from sca 11 op fi shermen as they have been previ ous ly reported to be eaten 

by fi sh in this area by Bowman and Langton: 1978), bl ueback herring (79.4%; 

another dietary item was fish, 20.6%), alewife (96.9%), American shad 

(87.2% Neomysis americana), red hake (86.4%)~ white hake (76.5%), Atlantic· 

mackerel (99.5%), butterfish (90.2% Sa1pida), windowpane (69.0%), and yellow

tail flounder (90.8%). Fish and squid were eaten by the following predators: 

short-finned squid (82.4% fish), spiny dogfish (36.6% Atlantic mackerel; 

33.5% unidentified fish; and 2,5.0% squid), Atlant'ic cod (71.9% summer flounder, 

and 12.9% Nassarius triuittatus, a benthic gastropod), silver hake (74.7% 

Atlantic mackerel and 18.5% unidentified fish), and pollock (87.6% Loligo 

pealei). 

High dietary overlap was found for 16 predator pairs in Area C 

(Figure 4). In every instance gammarid amphipods identified as Gammarus 

annu)atus were the prevalent prey (percentages indicated below) the 
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predators shared (Table 4). High similarity was noted in the diet of blue

back herring and white hake (46% G. annulatus and 21% unidentified fish); 

alewife and red hake (86%), white hake (77%), Atlantic mackerel (94%), 

windowpane (69%), and yellowtail flounder (91%); red hake and white hake 

(77%), Atlantic mackerel (86%), windowpane (69%), and yellowtail flounder 

(86%); white hake and Atlantic mackerel (77%), windowpane (69%)~ and yellow

tail flounder (77%); Atlantic mackerel and windowpane (69%), and yellowtail 

flounder (91%); and windowpane and yellowtail flounder (69%). 

Similarly, the percentage Similarity of 13 of the 16 species pairs 

with intermediate dietary overlap was made up of mostly gammarid amphipods. 

Gammarideans were the single most important dietary item to the following 

predator pairs (all values are strictly G. annulatus unless otherwise noted): 

squid and bl ueback herring (34% unidentified Gammaridea, probably §.. 

annulatus); little skate and blueback herring (46%), alewife (53%), red 

hake (53%), white hake (53%), Atlantic mackerel (53%), windowpane (53%), 

and yellowtail flounder (53%); and blueback herring and alewife (46%), red 

hake (46%), Atlantic mackerel (46%), windowpane (46%), and ye110wtail 

flounder (46%). The three remaining species pairs with intermediate values 

were short-finned squid and spiny dogfish (34% unidentified fish), spiny 

dogfish and silver hake (37% Atlantic mackerel and 19% unidentified fish), 

and windowpane and American shad (30% Neomysis americana). 

Atlantic mackerel - Information on the diurnal variation in the feeding 

intensity and catchability of Atlantic mackerel is shown in Figure 5. 

Stomach samples were taken from fish caught in the waters off Nantucket 

duri ng three time peri-ods ~ i. e. 0600-0900 ~ 1200-1500, and 1800-2100. The 



average percentage body weight made up by the stomach contents in each 

period were as follows: 0600-0900, 1.41% BW; 1200-1500, 1.64% BW; and 
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1800 ... 2100, 1.03% BW (Figure 5A). Nearly all food eaten was Gammarus 

annulatus (see Appendix Table 22). Mackerel were principally caught during 

hours of daylight when trawling from the WIECZNO e.g., an average of 1772 

fish per tow from 0600 to 0900, and 928 fish per tow between 1200 and 1500 

(Fi gure 58). However, note that only one tow was made at night (towi ng 

began at 1905) during the 1800 to 2100 period. Because of this, catch

ability information obtained during a study conducted by scientists aboard 

the R/V BELOGORSK in September of 1978 on the southern part of Georges Bank 

is included (Figure 5C). Data from that study shows the largest quantities 

of mackerel are caught during daylight hours when bottom trawling. 

DISCUSSION 

Cape Ann and Cape Cod - the food of ' predators sampled from the waters 

off Cape Ann and Cape Cod, Massachusetts, was generally similar to dietary 

information previously reported for these species (Maurer and Bowman 1975; 

Edwards and Bowman 1979; Langton and Bowman 1980, 1981; and Bowman 1981B). 

Overall, the small percentage similarity values obtained between most predators 

in both areas indicate there is little dietary overlap except for species 

which feed predominantly on copepods (e.g., b1ueback herring, alewife, 

American shad, Atlantic herring, and Atlantic mackerel). Some dietary 

overlap was noted for fish and squid predators (e.g., barndoor skate and 

silver hake fed on herring) in the area off Cape Ann (Table 2), but much 

of thi s overl ap is accounted for by the prey group nOther Pis ces, II most 

of which was unidentified (Table 3). 
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Obviously a prey category consisting of large amounts of unidentified fish 

results in elevated p.ercentage similarity values between fish eating 

predators. Moyle (1977) also noticed that greater overlap occurs when prey 

are broadly classified during his study on the di'et of sculpins and salmonids. 

Of interest to us here is that although predators were gathered in localized 

areas, and in fairly small numbers, their diets illustrate how effectively 

resources are partitioned. Foraging tactics, habitat separation, and spatial 

and temporal distribution (of predators and prey) apparently i'nfluence 

the food taken by fishes in local areas almost as much as they do over broad 

areas. If thi s was not true the resul ts obta i ned here woul d not be so 

similar to the results obtained by Edwards and Bowman 1979; and Langton and 

Bowman 1980, 1981, who studied the diet of many of the same species over a 

much broader geographi c range. It is worth noti ng however, that in some 

areas or during certain years (or seasons) the abundance of a particular 

prey may, to a large extent, influence the diet of predators (Bowman and 

Langton 1978, Edwards and Bowman 191'9). 

Nantucket .. Profound dietary differences were noted be':tween the pred

ators taken off Nantucket and the other two areas. Virtually every species 

sampled in the Nantucket region ate some Gammarus annulatus, and many of 

the predators consumed large quantities. Because of this, high percentage 

similarity values were obtained between many species. Relatively high 

abundance of ~. annulatus in this particular area has been implicated in 

at least two previous studies (Langton and Bowman 1977, and Bowman 1977) 

and documented in another (Dickinson et al. 1980). In the studies by Langton 

and Bowman, and Bowman (loc. cit.), which were conducted in response to the 
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ARGO MERCHANT oil spill, it was observed that the food of many fishes 

sampled in the same area was G. annulatus (the present study took place in 

November 1976 just prior to the oil spillage which occurred in December 

1976 in the same region). In December 1976 the food of (all below data in 

tenns of percentage of the total stomach contents weight) the following 

species contained §. annulatus (percentages indicated): little skate (63.8%), 

Atlantic cod (47.8%), and windowpa.ne (90.2%). During January 1977 alewife 

ate large quantities (96.4%), and in August 1977 large amounts were eaten 

by silver hake (83.8%), red hake (13.4%), longhorn sculpin (17.2%), yellow

tail flounder (36.0%), and winter flounder (51.0%). Dickinson et al. (loc. 

cit.) noted that §. annulatus is relatively abundant in the same region 

duri ng 1 ate spri ng and early summer based on the resul ts of macro invertebrate 

surveys conducted in the Middle Atlantic Bight region. §. annulatus may be 

considered somewhat endemic to the Nantucket Shoals area since few were 

obtained during other surveys conducted in the Northwest Atlantic (Dickinson 

and Wigley 1981). The above information establishes that~. annulatus may 

likely be found in the Nantucket Shoals region throughout the year and 

further, that this species is a predominant food for fish and squid in

habiting the area. The only other major prey contributing to the food of 

predators in the Nantucket area during the present study were Atlantic 

mackerel [eaten by spiny dogfish (36.6%) and silver hake (74.7%)],and the 

mysid, Neomysis americana, which accounted for 87.2% of the diet of American 

shad and 30.3% of the diet of windowpane. 

Atlantic mackerel - Mackerel were principally caught during daylight 

hours when bottom trawling in the waters off Nantucket. Stations where the 

plankton composition was dominated by §.. annulatus coincided with high catches 
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of mackerel (personal observation). ~1ackerel were intensively feeding on 

§. annulatus (99.5% of all food). Copepods (mostly Calanoida) were the 

main food (36.5%) found in the stomachs of mackerel (13 specimens) examined 

from waters off Cape Cod (Appendix Table 22). 

Information on Atlantic mackerel presented below gives some insight 

into their feeding behavior and avai1ability to bottom trawls. Unpublished 

hydroacoustical data gathered during January of 1981 in the vicinity of 

Hudson Canyon indicates mackerel tend to fonn tight schools located close 

to bottom during daylight hours and are dispersed and somewhat off bottom 

at night (James Crossen, NEFC, Woods Hole, MA, 02543, November 6, 1981 

personal communication). Laboratory studies on the swimming behavior of 

Atlantic mackerel by Olla (1971) show that mackerel swim at higher more 

variable speeds during the day than at night. Mackerel feed by filtering 

small pelagie organisms from the water with their gill rakers, or by active 

pursuit of larger individual prey by sight (Bigelow and Schroeder 1953; 

MacKay 1967). Generally, the habits of mackerel appear similar to the 

habits reported for other tlpelagic" species. Herring, for instance, are 

also filter feeders and tend to be associated with bottom during daylight 

and are off bottom at night (Blaxter and Holliday 1958). Butterfish and 

short-finned squid, two other typical pelagics, are caught more often 

duri ng peri ods of dayl i ght when bottom trawl i ng (Arno ld 1979; Bowman 1980). 

Most of these species reportedly feed near dawn or dusk and seldom feed 

in total darkness (Blaxter and Holliday 1958; Bradbury and Aldrich 1969; 

Arnold 1979, Bowman 1980). Mackere1, fa11ing into the "pelagic" category, 

also likely feed near dawn or dusk and seldom at night.. Data from 
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the present study, although certainly not conclusive, shows that mackerel 

are caught with bottom trawls during daylight and not at night, and that 

they begin feeding sometime just before dawn (since their stomachs con

tained some food during the 0600-0900 period, reached peak fullness near 

noon and contained the least amount of food at dusk). 

Predation on Atlantic mackerel by two species, namely spiny dogfish 

(36.6%) and silver hake (74.7%) occurred in Nantucket waters. Spiny dog

fish and silver hake are known to be the two major fish predators in the 

Northwest Atlantic (Noskov and Vinogradov 1977; Edwards and Bowman 1979). 

Because mackerel congregate in the Nantucket Shoals region at certain 

times of the year (Sette 1950) w·hen silver hake and spiny dogf.ish are also 

in the vicinity (Fritz 1965) it comes as no surprise to find them serving 

as food for these two species. 
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Table 1. Station data for the fish feeding study conducted by American and Polish 
scientists aboard the R/V WIECZNO in November of 1976. Data listed 
indicate the conditions at the beginning of each tow. 

Cloud Wave Bottom Surface 
Time Depth cover height temperature temperature 

Station ~EST) {m~ {%~ ~ft2 {OC2 {OCl Latitude Longitude 
(AREA A) 

1 1325 118 100 3 7.6 10.7 42° 37' 70° 07' 
2 0755 154 70 2 8.0 10.2 43° 15' 70° 04' 
3 1140 164 75 2 7.3 10.1 43° 10' 70° 07' 
4 1930 84 30 5 8.2 10.4 42° 39' 70°- 141 
5 0725 80 10 5 9.0 10.0 42° 38' 70° 14' 
6 1040 74 10 5 8.5 10.0 42° 35' 70° 10' 
7 1620 76 10 3 9.4 10.0 42° 31 1 70° 11' 

(AREA B) 

8 0000 152 50 4 9.2 10.5 41° 39' 69° 241 
9 0715 76 90 5 9.6 10.3 41 ° 31' 69° 23' 

10 1055 60 ,90 2 9.9 10.0 41° 37' 69° 41' 
11 1300 60 100 2 10.2 10.4 41° 36' 69° 38' 
12 1510 52 70 3 101 .. 0 10.0 41° 35' 69° 36' 
13 NONE -_ ........... - ----- ...... 
14 2040 66 50 5 9.7 10.0 41° 37' 69°, 34' 
15 2330 78 10 4 7.9 10.0 41° 37' 69° 33' 
16 0735 76 60 4 8.0 10.3 41° 37' 69° 32' 
17 0945 129 80 4 7.7 10.2 41° 40' 69° 34·' 
18 1220 120 95 5 8.3 10.3 41° 42' 69° 33 1 
19 1615 108 30 5 7.7 10.4 41° 24' 69° 17' 
20 1825 92 50 5 7.9 10.3 41° 271 69° 18' 
21 2050 127 50 6 9.6 41° 26' 69° 16' 
22 0730 78 100 2 41° 37' 69° 33' 
23 1250 99 90 3 7.3 10.5 41° 22' 69° 18' 
24 1625 136 75 2 7.3 10.5 41° 12' 69° 06' 
25 1850 112 50 3 41 ° 15 I 69° 07' 

(AREA C) 

26 0735 58 50 5 9.5 10.3 40° 37 I 69° 50 J 

27 0935 51 65 6 10.0 10.0 40° 40' 69° 50' 
28 1430 40 NA NA 9.6 9.7 40° 45' 69° 48' 
29 1645 40 75 6 9.0 8.9 40° 47' 69° 47' 
30 0800 42 10 5 9.0 9.0 40° 44' 69° 52' 
31 1057 41 5 5 8.8 8 .. 9 40° 44' 69° 53' 
32 1335 39 10 5 8.8 8.9 40° 47' 69° 50' 
33 1905 46 50 6 8.5 8 .. 6 40° 44' 69° 52' 
34 0742 44 5 2 40° 46' 69° 53' 



Table 2. Summary of the stomach contents of fhh and squid gathered off Cape Ann, Massachusetts (Area A) 
during November of 1976. Data expressed as a percentage of the total stomach contents wei9ht. 
A ...... Signifies <0. u: tn the diet. 

Short-
Stomach 
contents 

finned Darndoor Alewife fourbeardO Atlantic SHver White Witch American Wtnter 
squid skate rockling cod hake hake flounder plaice flounder 
(% wt) (% wt) (% wt) {% wt) l% wt) (% wt) u: wt) (% wt) U: wt) (%~tL-

PORIfERA 
POLVCIIAUA 100.0 

Maldanidae 
Onuphtdae 
Nephty1dae 73.0 
Ampharetidae 
Other Polychaeta 21.0 

CRUSTACEA .. 100.0 
Ganwuaridae 
Hypertidea 100.0 
Ganmaddea 
Panda 1 tda.e 
Decapoda 
Cumacea 
EuptJausiacea 
Other Crustacea .. 

MOLLUSCA 13.3 
Pelecypoda 
Cephalopoda 73.3 

ECHINODERMATA 
Ophturoidea 
Other Echtnodennata 

PISCES 5.3 100.0 
'~rrings 100.0 
SHver hake 
Other Pisces 5.3 

ANIMAL RlMAINS 20.0 
CESTODA 1.4 
TREMATODA 

NlInber of specimens 
examined 

Ntmber of empty 
stomachs 

Mean stomach content 
Weight 

Mean fish length(cm) 
Length range (em) 

1 

o 
6.957 
26.9 

26-28 

o 

26.055 
112.0 
il2 

2 

0.032 
24.5 

24-25 

o 

0.200 
24.0 

24 

1.0 0.4 

.. 

0.1 

0.9 0.3 
0.1 

91.8 

91.0 

1.2 99.6 
97.4 
1.1 

7.2 0.5 

6 

o 

30.182 
75.7 

49-95 

., 

15.056 
30.1 

16-49 

90.8 
2.8 

21.0 
2.5 

44.1 
21.8 

100.0 1.2 

100.0 

o 

6.271 
48.0 

48 

3 

o 

0.7 

0.5 

1.122 
47.3 

41:1·51 

3.3 
2.7 

1.0 

0.3 

92.1 

.. .. 

13 

J 

1.2 

1.5 

... 

+ 
LO 

0.3 

14.8 
77 .9 

0.401 
28.6 

12-46 

100.0 
100.0 

.. 

4 

0.000 
21.0 

18-24 

N 
N 



Table 3. $Ylmuu"v of :he stomaeh eonteltts of fish anc1 squid gathered ot~ Citle Coe, Massac:hllSetts (AY"u S) c:iU'l"in9 23 
Novemoer of 1976. 1 Data expresseQ as a l)e~ert'tage of the U)U 1 S'tCll1ach contents weight.. An-+>" si91'f1fies 
<0.1:;; il'l the diet.. 

Shol"'t-

S~mac::h finned Sa f'l'lCi 0'01" _Man Goos ... Atlantic: S i1 vel" 
SQuid skate Alewife shad fish cod t'iaciaoc:k hake contents 
fC:: \tit !% '.<It' 

PO LY CHAE"iA 0.2 2.2 O.S 3.7 
Malc1anic1ae 
Eul'l; c:'iaae 
L.LlYlorineric1ae 
Al'h1"'cu:1itiC\u 1.0 
Goniaclic1ae 
Kephtyiaae 0.1 
Nereidae 0.1 
?hyl1oc:oC:icSi.e 0.1 Polynoiale 0.1 
SiDell ic:!ae 
Sj:)ionic1ae 
AAlphareticlu 
Temen ic1U 
Other Po'yc~aeta 0.2 ,.1 0.4 2.5 CRUSTACEA 4.5 5.9 100.0 87.6 47.0 Sl.l 74.9 100.0 2l.9 l8.0 10.2 Capr!!" ian 0.1 Gamma1"''tClea i.O ... 0.1 1.0 ... Amgelisc:ic1u 2.1 
CaPOP"; ic1ae 4.6 0.2 0.2 U.S El.Isir'iclu 0.2 
Gart'lIftI1"'ic1u 0.1 
Hypenidea O.S 36.7 -+> Lysianusiclae 15."- ... OedicI!1"'Otiaae 7.S ... 
?hotic1ae 4.1 0.1 0.2 Phoxccephalic1ae 0.4 
Decapod a 5.2 0.1 0.1 Cancr'i<1ae 4.Z Cral'tgonidu l8.5 2S.0 0.2 0.1 0.2 Hi f!I\)O lytic1u O.S Majidu 1.3 P&guric1u 

81.5 
4.9 1.Z 0.:3 ?ancialiciae 9.S 3.5 . 6.2 Isol)C)4a . 

Eupl'lalJSiacl!l .- 3.0 Cl,)pe,:.oc1a 46.S 51.0 74.9 100.0 0.3 Othe!'" CrusUC:.~ 4.5 5.9 17.0 0.5 0.3 0.2 MOU,USCA 4.4.1 la.6 5.9 38.0 0.3 
?~lecYl'oc1a 
Pec!inicaeZ 32.S 
Gutro~1 0.4- O.l 
?terolXlda. 
CePhalo~c!a 4.4.1 lS.6 ... 5.9 S.l 
Other Me 11 usa 0.2 CHAEiOGNATHA 1.2 

ECHINODERMATA 9.5 24.7 Ecl'linoidea 0.7 o phi uroiciea 9.5 Z3.S Other £chinodl!1"Nu 0.5 
P!SC~ 8.4 Z.7 8l.4 ... 1.2 0.9 9.2 94.1 23.3 48.3 89.6 Skates 79.5 

l'Iem1"t9s 66.4 
i'lalc.e.s 14.S 
Si lver halte 

l.~ Amer. s~ 1anee ZO.9 Fla.tfishes 10.1 
Other ?i sees 8.4 Z.7 15.0 0+- l.2 0.9 9.2 4.5 9.3 48.3 Si.O ANI?'At. REMAINS 41.3 91.4 3.0 51.S S.O 14.7 1.7 Z.S 0.2 SAND AND ROCK 7.2 1.0 4.5 l.S ctSTOOA 1.S 

TREMATODA 0+- ... ... 
NEr\ATOOA .,. ... .. .. 
Nunbel" of specimens 

examined 34 ZS 16 5 6 ZO 1,2 4 25 29 58 
N~,. of e!1'I1'1:y 

stomachs :3 10 0 0 0 6 0 2 0 24-Meen stem.en content 
wei9nt.(9) 1.492 l.045 36.131 0.540 0.180 0.135 0.ll1 O.Z96 0.105 660.033 5.517 3.85a 1.390 Meln fish lenqth(cm) 25.3 10.9 i6.S 88.0 19.4 24.2 25~:3 3:3.2 Z9.0 7Z.3 ':'9.3 34.3 15.3 Length range (em) 13-,9 S.15 54-101 sa 14..25 Z2-,6 Z2-ZS Zi-43 19 49-97 ZO .. a3 ~oa 5-:9 

1 
·Species col1ec~ed whie!'l oniy nad em;rty stamachs ;nc1ude:~int.e,. ska.~e and Atlantic '1101 offish. 

2./isc:era only. 
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S.laCk Yellow-
Stomach White sea Atlantic Butter- l.onghorn Al1 i guor- Witc" Amerial'! tail ',./inter 
contef'I1:S Po i1 oek. Red hake hak.e bus mackere1 fisn seulpin fish f10unCier plaice f1oW1a.e1" f10under 

~: \\It) ~~ wtl !~ wtJ ~~ wtl (~ wt) (~ wtl (% W'tt I,:; wt) (7; wti (~ \rIt) (~ we) (~- wt) 

POLYCHAEiA 0.3 U.9 0.1 3 . .1 97. " 24.2 37.2 86.3 
Maldan,ciae 0.7 
Eunieidae 1.4 
LJJfto1"ineric1ae 57.7 
Aphroditic1u 
Goniac1iciae 0.1 7.0 
lielliTI:yic1u 1.2 
Nereiciu 
Phyl1oc:oc::icae 5.7 0.1 2.3 -+.8 
Po lynoiciie 0.3 .. 
Sabellic1u 44.2 8.3 3.4 
Sp1 01'11 01. 0.5 
Am\)hal"eticiae 15.2 
Terebell1c1ae 1.0 
Otnel'" Po1yc::naeU 3.7 3.4 31.0 1.0.7 7S.1 

CRUSTACEA 5.1 26.7 0.5 l7 .0 36.5 12..5 100.0 2.6 3.8 42.6 13.1 
C4pl"e"id" O.l 0.4 
Ganmal"ic1ea 1- 0.5 0.0 
Am\)el isc::iciae ... 
Core!)h; ;CSe 2.3 ... O.S 44.7 100.0 ... 39.3 13.7 
EtlSi l"'iQae 
Gimnal"ic:iae ... 
Hyt:lel"i'lc1" 0.3 ... ... 
Lysi anus idae 0.1 ... 0.8 
Oe(iieemic1u 
Photidae 10.3 <4- 0.3 
Phoxoc::epl'ia 1 iciae 
OecapoGa, 0.9 ... 
Can<::ric1u 0.4 %5.2 
Cl"angoniciaf! 0.2 0.3 0.1 '0.7 
Hiptlolytid.ae 
Majic1ae 

': 

?aguric1u 3.0 3.1 o.a 
P aneia 1i dae 4.1 7.8 0.3 10.9 
Iso~a <4- 0.4 
Euphausiacaa 0.3 
Collel'Ocll .. 36.5 
Other Cl"'I.!staeu 0.2 1.i 0.1 27.S 2.6 ... 

/l(jL.l.USCA 83.9 + 63.0 3.2 2.S 
~eieeypoGa 
Pectinic1ae' 

l.Z 0.5 

Ga.stl"O~oQa 2.3 
P'tef'Oooaa O.S 
Cephai()l)OCa 83.4 
Other Me 1 i usa 01- 63.0 

CHAc.,'j"OGNATHA 4.1 
ECHINODERMATA ... 66.S ... 

Ecl'linoic1ea 
Opl'l1uf'OiOli 60.S 
Other Echi neciemati ... 

PISCts 2.6 57.6 99.2 58.3 2.0 
Skates 
Hernn9s 
Hak.es Bl.S 
Silver nake 0.4 0.1 2.0 
Amer. sand lance 
F1atf1sMs 
Other Pisces Z.Z 57.6 17.3 58.3 

ANlMA1.. REMAINS 1." 1.8 ... 1.1 100.0 3.0 
SAND ANO ROCX 5.6 0.9 0.2 24.1 14.3 
c:tS'fOOA 
TREMATODA 0.2 
NEMATODA 1.3 + 0.1 

Nunber of soec::imel'l1 
examined 18 13 11 13 14 :3 10 2 

NIlllDel" of _ty 
s 'tCJII& ens 0 :3 0 0 10 0 0 0 '.) 

Mean stomaeh =ment 
we; ql'lt (9) lJ.W 1.529 40.412 1.509 0.860 0.030 0.010 0.003 1.033 1.324 'J.5"3 O.J73 

Mean fish lengtl'l(CII) SO., 35.1 52.1 33.0 36.2 15.9 16.i S.O 58.0 -loO ., ... 35.S 2.1.: 
Length rang! (om) e0-105 11-45 28-67 !3 32-38 6-20 8-29 8 58 3Z-.t7 :3-.. 3 11-22 



Table 4. Summary of the stomach contents of fish and squid gathered off Nantucket. Massachusetts (Ar~a C) 
during November of 1976.' Oata expressed as a percentage of the total stomach contents weight. 
A " ... " sfgniftes <o.n In the diet. 

Short- [ong-
finned tinned Sptny 

Stomach s~uid squid dogfhh 
contents { wt} (~ wtl (I wt 

POlYCHAETA 0.6 1.6 0.4 6.8 
H.,ldantdae 
flabe 11 tgeddae 0.4 
Aphrod it fdae 6.7 
Nephtyidae 1.6 
flereldae 0.6 
Phy'lococldae 
Sil)" Jlontdae 
Other Polychaeta 0.1 

CRUSTACEA 2.9 lOll. 0 4.9 54.6 19.4 99.5 100.0 6.0 6.S 2.3 
Ganmaridu 47.6 :n.5 2.8 1.3 
Gammaridae 2.0 .. 52.8 45.9 94.1 0.2 1.5 fi.§ 1.8 
Hyped Idea 0.6 
Oecapoda 0.3 
Cancridaa + 
Crangonidae 0.7 1.9 0.1 
Paguridae 4.9 1.2 
Panda lldae 
tsopoda 0.4 
Mysidacea 87.2 
Copepoda 
Other Crustacea 0.9 54.4 0.8 f- 0.7 12.0 0.2 0.1 

NOllUSCA 1.1 25.0 4l.5 14.6 ... 81.6 
Pelecypoda 7.3 
Pect1nldae 36.2. 
Gastropoda 12.9 
Cephalopoda Lt 25.0 1.1 t 87.6 

SAlPIOA 
, 71. I) PISCES 82.4 70.1 20.6 93.2 

Atlantic mackerel 36.6 74.1 
Summer flounder H.9 
Windowpane 
Other Phces 82.4 33.S 18.S 

MISCELlAflEOU5 0.3 - 20.6 0.1 0.2 
AN mAL RB1A lfIS 12.2 O.l 0.5 9.9 
SANU AND ROCK 0 .• 
CESTODA 0.6 
NEMATOOA .. 
Number of specimens 

exaznfned U 5 10 6 3 20 1 5 11 
Number of empty 

stomachs 2 0 5 0 0 2 0 2 0 
11ean s tOlnClch content 

·.~et9ht(9) 4.836 0.690 15.80B t.lU 0.162 0.609 2.017 16.814 18.421 18.236 
Melin fJsh len1th(cm) 26.5 19.4 19.1 50.3 28.0 26.2 36.0 84.6 41. 9 106.0 
length range em) 23-29 15-24 17-83 48-52 26-30 24-2B 31-39 64-l04 2B-51 106 

lSpccies conected whtch only had empty stomachs tnctude: sea raven and wtnter flounder. 

Whfte Athntfc 
hah mackerel 
% wt) (% wt) 

91.0 76.5 99.6 

86.4 16.5 99.5 

+ 

1.9 

4.7 

.. .. 
O.l 

U.S O. t 

23.S 0.1 
i-

7.0 0.1 

i-

J 98 

0 a 2 

4.128 0.812 5.642 
)9.3 50.0 H.O 

31-43 50 26-39 

BuUerflsh Windowpane 
(J bit) (I wt) 

4.6 99.1 

4.6 69.0 

30.3 

90.2 
0.1 

0.7 
... 

5.2 

+ 

8 4 

6 0 

a.Oll 5.409 
21.1 26.8 

14-24 25-28 

Vellowtall 
flQunder 

(J wt) 

4.6 
0.9 

0.2 
l.5 

90.8 

90.8 

4.6 

<1 

0 

1.121 
33.0 

30-37 

N 
U1 
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Figure 1. Locations (A, B, C) where fish and squid were collected for stoma<!h contents 
analysis in November of 1976. Large quantities of the gammarid amphipod, 
Gammarus annulatus were eaten by predators sampled at Area C. 

N 
m 



SIORT-fINNEO SqUIO 

BARNOOOR SKATE 

ALBHfE 

fOURBEARO ROCKLING 

A lLANTI C COO 

SILVER HAKE 

Wllln: HAKE 

WITCH fLOUNOER 

ANERICAN PLAICE 

WINTER fLOUNOER 

0 l!) 
1--1 :z 
=> ..... 
CY ~ til W 

~ 
U 

t3 ~ 0 
0 W 

z: til U ~ 
z: 0 ~ ..... 0::: ~ U 
lL. 0 lt ..... 
• 0 w t: 0::: 

~ 
£:) 

8 £0 W 
:;:: ~ :5 > 

0 ~ ~ 
:J: -.J a t( 1--1 
V) £0 c:( U ... til 

0 

0 0 

79 0 0 

1 97 0 0 

0 0 0 0 0 
--- ----

0 0 0 30 0 0 

0 0 0 3 0 

0 0 0 0 0 0 

l~ 0-<30 ~ 30-<60 

W 0::: 
0::: U W 
W >-1 0 

~ :5 z: 
::::I 

~ ::::I 0- 0 

9 ~ .:a:: z:: 
:J: lL. .:a:: 

«..) 0::: 
W :J: ..... W 
I- u ~ t: ...... I- w 
:J: ...... ~ ...... 
:£ 3: 3: 

0 

0 
--- ._--- --

60-100 

figure 2. Percentage sirnilarity between the diet of 10 predators gathered 
off Cape Ann~ Massachusetts (Area A) in November 1976. for 
calculation see text. Open boxes = 0 to 30%; ruled boxes = 30 
to 60%; solid boxes = 60 to 100%. 
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figure 3. Percentage similarity between the diet of 25 predators sampled from 
the waters off Cape Cod, Massachusetts (Area B) in November 1976. 
for calculation methods see text. Open boxes = 0 to 30%; ruled 
boxes = 30 to 60%; solid boxes = 60 to 100%. 
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sampled from waters off Nantucket, Massachusetts (Area C) in 
November 1976. for calculation methods see text. Open boxes 
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Appendix Tab"le 1. Stomach contents of short-finned squid, lllex 111ecebrosus (leSueur). 

AREA P;- AREA 8 AREA C 
Percentage Percentage Percentage Percentage Percentage Percentage 

Stomach contents weight occurrence weight occurrence weight occurrence 

Po1ychaeta 0.2 0.6 
UnidenUUed Nereidae 0.6 5.9 
Unidenti fled Po lychaeta 0.2 2.9 

Crustacea <0.1 ~~ U 
GaliMnarus annu latus 2.0 H.8 
Unidentif~ustacea <0.1 14.3 4.5 H.8 0.9 11.8 

Cephalopoda 73.3 . 44.1 U 
Unidentified leuthidida 6.9 2.9 
Unident Uied Cephalopoda n.] 28.6 31.2 20.6 1.1 5.9 

Pisces 5.3 28.6 8.4 U.8 82.4 23.5 
Animal remains 20.0 42.9 4D 44.1 12.2 4L2 
Cestoda 1.4 11.4 1:5 44.1 0.8 64.1 
Nematoda <o:T 2.9 

Num~er of specimens examined 7 34 17 
Number of empty s tOlllachs 0 5 2 
Mean stomach content weight(g) 6.951 1.292 4.836 
Mean fish length (an) -26.9 25.3 26.5 
length range (au) 26-28 lJ-29 23-29 

Total 
Percentage 

weight 

M 
0.3 
0.1 

.U 
0.9 
1.4 

R.!! 
1.1 

30.3 
42.3 
21:9 
T.T 
<G:1 

58 
1 

3.014 
25.8 

13-29 

W 
t-A 



Appendb Table 2. Stomach contents of long-finned squjd. loHgo pea lei (LeSueur). 

Stomach contents 

Crustacea 
Unidentified Gallunaddea 
Other Crustacea 

Pisces 
Anima1 remains 

Number 0 f specimens exam i ned 
Number of empty s tomacils 
Mean stomach content welght(g) 
Mean fish length (cm) 
length range (cm) 

AREA A MEAD AREA C -.otal 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

weight occurrence weight occurrence weight occurrenc~ weight 

~ 

5.9 
2.7 

9TI . 
17 .2 
3.4 

15.9 

29 
3 

1.045 
10.9 
6-16 

100.0 
--41.6 

54.4 
60.0 
40.0 

5 
o 

0.690 
19.4 

15-24 

15.6 

2.4 
82.0 

4.9 
10.7 

34 
J 

1.022 
12.1 
6-24 

W 
N 



Appendix Table 3. Stomach contents of spiny dogfish, ~~ ~~ (Unnaeus). 

AREA A AREA B AR£AC-~ lofal 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

Stomach contents weight occurrence weight occurrence weight 9ccurrence weight 

Crustacea 
Gauluarus annuhtus 
Unidentified Paguridae 

Cephalopoda 
Unidentified Teuthldida 

Pisces 
Unidentified ClupeHormes 
Scomber scombrus 
Unidentified Pisces 

HlJllber of spec1mens examined 
HlJlIber of empty stomachs 
Mean stomach content wClght(g) 
Mean fi sh length (all) 
length range (em) 

J.!L! 

" !!h! 
18.6 

66.4 

15.0 

12.5 

12.5 

12.5 

16 
10 

36.731 
76.8 

64-101 

U 

25.0 

70.1 

<0.1 
4.9 

25.0 

36.6 
33.5 

·10.0 
10.0 

10.0 

10.0 
30.0 

10 
5 

15.808 
79.3 

77-83 

.L!! 

20.0 

79.0 

<0.1 
1.0 

20.0 

52.3 
1.8 

18.9 

26 
15 

28.684 
71.7 

64-101 

w 
w 



Appendix Table 4. Stomach contents of little skate, Raja erinacea (KUchH]). 

Stomach contents 

Polychaeta 
Nephtn caeca 
Unidentified Nephtyldae 

Crustacea 
Gafilllarus annulatus 
(rangon septellIspinosa 
Unidentif1ed frecapoda 
Unidentified Crustacea 

Mollusca 
Unidentified Pectinidae 

(viscera) 
Unidentified Pelecypoda 

Bryozoa 
Hydrozoa 

Nunber of specimens examined 
Nt.lllIber of empty stomachs 
Mean stomach content weight(g) 
Mean fish length (em) 
length range (an) 

AREA A AREABAAEA C 
Percentage Percentage Percentage· Percentage Percentage Percentage 

weight occurrence weight occurrence weight occurrence 

li 
0.8 
0.8 

54.6 
52.8 
0.1 
0.3 
0.8 

43.5 

36.2 
1.1 

<0.1 
0.3 

16.7 
16.7 

100.0 
50.0 
16.7 
16.1 

50.0 
11.1 
16.1 
16.1 

6 
o 

1.217 
50.3 

40-52 

Total 
Percentage 

wetght 

1.& 
0.0 
0.0 

54.6 
-- 52.0 

.43.5 

<0.1 
0.3 

0.7 
0.3 
O.B 

36.2 
1.3 

6 
o 

1.217 
50.3 

40-52 

w 
~ 



Appendix Table 5. Stomach contents of barndoor sl<ate. RaJ! laelfis (MitchiH). 

Stomach contents 

Crustacea 
Cra~~ se~tellIspinosa 
1fk1le opan-alLis leptocerus 

Pisces 
.Clupea harengus 
Unidentified Pisces 

Number of specimens examined 
NUlI\ber of empty stomachs 
Mean strnpach cOntent weight(g) 
Mean fish length (em) 
length range (an) 

~O;1. 
Percentage Percentage 
wei~ occurrence 

100.0 
100.0 100.0 

1 
o 

26.055 
112.0 

112 

AREi\lr 
Percentage 

weight 

100.0 
18.5 
81.5 

5Jh! 
<0.1 

Percentage 
occurrence 

100.0 
100.0 

100.0 

1 
o 

0.540 
88.0 
88 

J\REA C 
Percentage Percentage 

weight occurrence 

Total 
Percentage 
wei~_ 

h! 

97.9 

0.4 
1.7 

97.9 
<0.1 

2 
o 

13.298 
100.0 

88-112 

w 
U1 



Appendh Table 6. Stomach contents of winter shte, .B!l! ocellata (MitchiH). 

Stomach contents 

NUllber of specimens examined 
Number of empty stomachs 
Mean stomdch content weight(g) 
Mean fish length (011) 
length range (cm) 

-=-_--:-_ AREA A AREA 8 :---,A~REA~--=-C_---:-__ 
Percentage Percentage Percentage Percentage Percentage Percentage 

weight occurrence weight ~ccurrence weight occurrence 

• 

1 
1 

0.000 
87.0 

87 

Total 
Percentage 

weight 

1 
1 

0.000 
87.0 
87 

w 
m 



Appendix Table 1. Stomach contents of thorny skate. Raja radiata (Donovan). 

Stomach contents 

Polychaeta 
Unidentified Nereidae 
Unidentified Poly~haeta 

Crustacea 
AlIICe 11 sea mdcrocepha la 
lli'!!l!s serrata 
UndoTa inennis UnClO1i ----: 
Anonyx sarsi 
AnoJlYx 
Hippomedon serratus 
Psammonyx noblis 
Paroedicerus 
leptocheirus pinguis 
!Iarpinh prop1ngua 
Rhachotropis aculata 
UnidentHied OediceroUdae 
UnidentH1ed Gallllllaridea 
Crangon septemspinosa 
Unidentified C.'angonidae 
UnidentHied CUllacea 
Unidentified Crustacea 

Animal remains 
Sand 

. Number of specimens examined 
NUliber of empty stomachs 
Mean strnnach content wei9ht(g, 
Mean fish len9th (em) 
length range (an) 

AREA A 
Percentage Percentage 

weight occurrence 

AIlEA B 
Percentage 

weight 

U 
0.1 
2.1 

87.6 
1.9 
0.2 
4.0 
0.6 
4.0 
5.2 
1.0 
5.2 
1.4 
4.1 
0.4 
0.2 
0.4 
1.0 

21.2 
1.8 

<0.1 
17.0 

3.0 
7.2 

Percentage 
occurrence 

20.0 
60.0 

20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
40.0 
20.0 
20.0 
20.0 
60.0 
20.0 
20.0 

5 
o 

0.180 
19.4 

14-25 

-----~-AAEI\T----~---- lota 1 
Percentage Percentage. 

weight occurrence 

;. 

Percentage 
weight 

U 

87.6 

3.0 
7.2 

0.1 
2.1 

1.9 
0.2 
4.0 
0.6 
4.0 
5.2 
1.0 
5.2 
1.4 
4.1 
0.4 
0.2 
0.4 
1.0 

27.2 
1.8 

<0.1 
11.0 

5 
o 

0.180 
19.4 

14-25 

W 
'...J 



Appendb Table 8. Stomach contents of blueback herring. Alosa aestivaHs (MHchiH). 

Stomach contents 

Crustacea 
GaliMnarus annulatus 
Unidentified Gammaridea 
Unidentified Uyperiidea 
Unidentified Calanoida 
Unidentified Copepoda 
Unidentified Crustacea 

Cephalopoda 
Pisces 
Animal remains 
Trematoda 

NUlllber of specimens examined 
N18llber of empty stomachs 
Mean stomach content weight(g) 
Mean fish len9th (cm) 
length range (an) 

AREA-A--------- -AArK 0------- -~--ARrrr~ .. ---- Total 

Percentage Per'centage Percentage Percentage Percentage Percentage Percentage 
weight occurrence weight occurrence weight occurrence we1ght 

47.0 

0.5 
41.1 
4.8 

<0.1 
T.2 
5n 
<0.1 

33.3 
83.3 
16.1 

16.1 
16.1 
50.0 
16.1 

6 
o 

0.135 
24.2 

22-26 

]9.4 
45.9 
33.5 

<0.1 

20.6 
<0.1 

66.7 
66.7 

33.3 

33.3 
33.3 

J 
o 

0.162 
28.0 

26-30 

59.1 

<0.1 
f[5 
32.4 
<0.1 

17.2 
12.6 
0.3 

26.0 
3.0 

<0.1 

9 
o 

0.144 
25.4 

22-30 

w 
CO 
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Appendix Table 9. Stomach contents of a lewHe. Alosa pseudoharengus (WUson). 

AREA A 
Percentage Percentage 

Stomach contents weight occurrence 

Po lychaeta 
Unidentified flabell19cridae 

Crustacea 100.0 
Gallullarus annulatus --
Undola 
UnidentHied Ganlnaridea 
Parathcmisto 100.0 
UnidentifIed Hyperiidea 
Crangon septemspinosa 
Oecapoda larvae 
Unidentified Oecapoda 
Unidentified Calanoida 
Unidentified Copepoda 
Unidentified Crustacea 

Pisces (scales) 
Animals remains 
Trematoda 
Nematoda 
Sand 

Nlinber of specimens examined 
Number of empty stomachs 
Mean st~"ach content weight(g) 
Mean fish length (em) 
length range (cm) 

50.0 

2 
1 

0.032 
24.5 

24-25 

AREA 8 - AR£JLC Tota 1 
Percentage Percentage Percentage Percentage Percentage 

weight occurrence weight occurrence weight 

93.1 

0.9 
5.0 

<O.T 
<0.1 
1.0 

0.2 
<0.1 
36.7 
<0.1 

<0.1 
5.2 

46.3 
4.7 

5.0 
5.0 

10.0 
10.0 

5.0 
10.0 
45.0 
10.0 

10.0 
20.0 
10.0 
10.0 
5.0 

20 
6 

O.lll 
25.3 

22-28 

hl 
0.4 

99.5 
94.1 

2.8 

1.9 

0.1 

!:l 

5.0 

80.0 

15.0 

5.0 

10.0 

5.0 

20 
2 

0.609 
26.2 

24-28 

~ 
0.3 

98.3 
-·77.1 

0.2 r.o 
<([1 
<o.T 
0.2 

<0.1 
2.3 
6.9 

<0.1 
1.6 

<0.1 
0.9 
8.2 
0.8 
0.5 

42 
9 

0.329 
25.6 

22-28 

W 
lD 



.-~ 

Appendix Table 10. Stomach contents ofAlnerican shad. ~ MP..idissima OH 1son). 

Stomach contents 

Crustacea 
Galllmarus annulatus 
Parathemisto 
Heomysls amertcana 
Unidentified Calanolda 
Unidentified Crustacea 

Chaetognatha 
Pisces 

Pisces eggs 
Pisces scales 

Animal remains 

NLauber of specimens examined 
Number of empty stomachs 
Mean stomach content weight(g) 
Mean fish length(oll) 
length range (em) 

-ARfA A AREA B AREA C Total 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

weight occurrence weight occurrence weight occurrence weight 

74.9 

14.9 

1.2 
9.2 

1.0 
8.2 

14.7 

15.0 
8.3 

16.1 

6.1 
8.3 

16.7 

12 
1 

0.296 
33.2 

27-43 

~ 
0.2 
0.6 

81.2 

12.0 

33.3 
33.3 
33.3 

66.1 

3 
o 

2.011 
36.0 

31-39 

90.7 

0.4 
3.5 

~ 

0.1 
0.4 

54.9 
27.1 
1.6 

0.4 
3.1 

15 
1 

0.640 
33.7 

27-43 

---------------------------------------------------------------------------------------------------------------- ..{.:::> 
a 



Appendh Table n. Stomach contents of Atlantic herring. Clupea harengus harengus (Unnaeus). 

Stomach contents 

Crustacea 
Unidentified Calano1da 

Number of specimens examined 
Nl.Juber of empty stomachs 
Mean stomach content weight(g) 
Mean fish length (elll) 
length range(cm) 

to 

AREA A AREA 8 
Percentage Percentage Percentage Percentage 

weight occurrence weight occurrence 

100.0 
--100.0 

If) 

100.0 

1 
o 

0.105 
29.0 
29 

AREA C Total 
Percentage Percentage Percentage 

wejght occurrence weight 

100.0 
--100.0 

1 
o 

0.105 
29.0 
29 

+:a 
....... 



Appendix Table 12. Stomach contents of gooseflsh. ~ runericanus (Valenclennes). 

AREA A AREA B AREA C Totil 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

Stollla~h cC)fltellt~ weight occurrence weight occurrence weight occurrence weight 

Cephalopoda 
Lo11go 

Pisces 
Unidentified Rajidae 
UnidentHied Pleuronec1Honnes 
Unidentified Pisces 

Number of specimens examined 
Numl1er of empty stomachs 
Mean stomach content wetght(g) 
Mean fish len~th (cm) 
length range (Clll) 

U 
5.9 

94.1 
19.5 
10.1 
'.5 

25.0 

25.0 
25.0 
25.0 

4 
1 

660.0:n 
72.3 

49-91 

U 
5.9 

94.1 . 
79.5 
10.1 
4.5 

4 
1 

660.033 
72.3 

49-91 
+::a 
N 



Appendb Table 13. Stomach contents of fourbeard rockHng, [nchelyopus cllllbrius (Unnaeus) 

Stomach contents 

Polychaeta 
He¥s~s 
Un entjfied Po1ycbaeta 

Number of specimens examined 
Humber of empty stomachs 
Mean stomach content weight(g) 
Mean fish len9th (em) 
length range (an) 

AREA A 
Percentage Percentage 

weight occurrence 

100.0 
--13.0 

21.0 
100.0 
100.0 

1 
o 

0.200 
24.0 

24 

~ 

AREA 8 MUc-------.ofil 
Percentage Percentage Percentage Percentage Percentage 

weight occurrence weight occurrence weight 

100.0 
--13.0 

21.0 

1 
o 

0.200 
24.0 
24 

~ 
w 



Appendix Table 14. Stomach contents of Atlantic cod. Gadus morhua (Unnaeus). 

AREA A AREA D AREA C Total 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

Stomach contents weight occurrence weight occurrence weight occurrence weight 

Polychaeta 0.5 6.8 b! 
AphrodHa hastata 6.1 20.0 2.4 
Unidentif1ea-NePlitYldae 0.1 3.8 ,<0.1 
Other Polychaeta <0.1 11.S <0.1 
Unidentified Polychaeta 0.4 15."4 0.1 20.0 0.2 

Crustacea !.J! 21.9" 6.0 8& 
Ae91nina longicornis 0.1 3.8 <0.1 
Une ofa1nermis 0.2 1.1 <0.1 
Galllinarus annulatus 3.5 40.0 1.3 
Me 1 ita dentata 0.1 1.1 <0.1 
le~tocheirus pinquls 0.1 19.2 <0.1 
Ot er Ganmartdea 0.1 19.2 0.1 
UnidentHied Gan,narJdea <0.1 1.1 1.3 20.0 0.5 
Cancer 1rroratus 4.2 1.1 <0.1 20.0 1.2 
Cran on septemsp1nosa 0.2 1.7 <0.1 
Un enti Hed Hi ppo lytidae 0.1 3.8 <0.1 
lebbeus polaris 0.4 3.8 0.1 
Hyas coaretatus .. 1.3 3.8 0.4 
Pagurus pubescens 4.3 15.4 1.2 
Pagurus acadianus 1.2 20.0 0.4 
Unidentjfied Pagur1dae 0.6 3.8 0.2 
Pandalus montagui 5.8 3.8 1.6 
Olchelo~andalus leptocerus 3.7 26.9 1.1 
Unident fied Oecapoda 0.1 16.7 0.1 11.5 <0.1 
tieganyctiphanes norvegica 0.9 50.0 " 0.3 
Unidentified Crustacea 0.6 23.1 0.2 

Mollusca 91.8 38.0 14.6 48.1 
Unidentified Pectlnidae 32.5 U.S 9.2 

(viscera) 
Nassarlus triuittatus 12.9 20.0 4.1 
urnJdentified Gastropoda 0.4 3.8 0.1 
Illex illecebrosus 91.1 16.1 32.4 
Unidentified Cephalopoda 0.1 16.1 5.1 3.8 1.1 20.0 2.3 

Echlnodennata li U 
Ophiopholts aculeata 9.5 U.S 2.7 
Unidentified Ophiuroidea 0.1 1.1 <0.1 

Pisces L.1. 23.8 11.9 35.d 
Unidentified Gadidae 14.5 l.8 4.1 
ParalichthY.i dentatus 11.9 20.0 26.0 
Unidentified Pisces 7.2 50.0 9.3 23.1 5.2 

Animal remains 'hI 30.8 0~5 20.0 0.8 
Plant remains if.T 20.0 <(f.1 
Sand and rock 4.5 U.5 o.T 20.0 T.3 
Nematoda <0.1 7.1 <0.1 60.0 <"G.T 
Trematoda <0.1 U.5 <0.1 

Number of "specimens exalllined 6 26 5 3] ..J::::. 
..J::::. 

Number of empty stomachs 0 2 1 3 
Mean stomach content weight(g) 30.182 5.511 36.814 13.746 
Mean fish lentMcm) 75.7 49.3 84.6 50.3 
length range em) 49-95 20-03 64-104 20-104 



Appendix Table 15. Stomach contents of haddock. Melanogranillus aeglefinus (Unnaeus). 

AREA A AREA B AREA-C 
Percentage Percentage Percentage Percentage Percentage Percentage 

Stomach contents weight occurrence weight occurrence weight occurrence 

Polychaeta u.. 
Travisia 0.1 3.4 
umdentHied Aphrodltidae l.0 3.4 
Unidentified Glyceridae 0.1 10.3 
Phyllodoce mucosa 0.1 3.4 
lIanliathoe --- 0.1 3.4 
Other Po lychaeta 0.1 13.0 
UnidentHied Polychaeta 2.2 31.9 

Crustacea 18.0 
Erlcthonius rubricornis 0.3 34.5 
Undola Jnennh n.3 24.1 
he~toche i ru~ ~ 0.2 20.7 

t er Gallllllari aa 0.1 11.2 
Unidentified Ga~lIaridea 0.9 24.1 
Crangon septemspinosa 0.1 3.4 
Pagurus pubescans 1.1 3.4 
payhrus acadianus 0.1 3.4 
!!.ic e10pandalus leptoceras 3.5 11.2 
Other Oecapoda <0.1 3.4 
UnMent i tied Oecapoda 0.1 10.3 
Other Crus tacea <0.1 13.8 
Unident1fied Crustacea 0.3 13.8 

Mollusca Qd 
Unidentified Gastropoda 0.1 6.9 
Other Mollusca <0.1 11.2 
Unidentified Mollusca 0.2 3.4 

[ell i nodenlla ta 24.7 
Stronglocentro5uS drobachlensjs 0.1 3.4 
Echinarachnius panna 0.6 3.4 
~~holis aculeata 10.7 10. J 
Or lura sars.) 12.6 17 .2 
Uni entffirnrOphiuroldea 0.2 17 .2 
Unident Hied Edlinodennata 0.5 3.4 

Pisces 48.3 6.9 
An ima 1 rema j ns T.8 31.0 
Sand 1.8 17 .2 

Humber of specimens eXdmlned 29 
Humber of empty stomachs 0 
Mean st~lIach content weight(g) 3.858 
Mean fish length (cm) 34.3 
length range (all) 9-68 

- --lotal 
Percentage 

weight 

.u 
0.1 
.1.0 
0.1 
0.1 
0.1 
0.1 
2.2 

18.0 
0.3 

11. 3 
0.2 
0.1 
0.9 
0.1 
1.1 
0.1 
3.5 

<0.1 
0.1 

<0.1 
0.3 

hl 
0.1 

<0.1 
0.2 

24.7 
0.1 
0.6 

10.7 
12.6 
0.2 
0.5 

48.3 
-r2 

L8 

29 
0 

3.856 
34.3 
9-68 

-Po 
CJ1 



Appendix Table 16. Stomach contents of sHver hake. Merluccius biHneads (MitchiH). 

Sto"~ch contents 

Crustacea 
Gruwnarus annulatus 
Parathemisto 
Uip~on~don serratus 
ni entifled Oe4icerotldae 

UnidentHied Tr10nidae 
Crangon se&temsPillosa 
Pagurus pu escens 
Dichelopandalus leptocerus 
Megan~ctiphanes nOfve lea 
Unidentified Euplausiacea 
Calanus 
Unidentified Calanoida 
Unid~ntified Crustacea 

Cepha )ol)oda 
Chaetognatha 
Pisces 

Un1denti fied Clupeidae 
Merlucciusbilinearis 
Allvllod vtes amed canus 
Scomber sc~nbrus 
Unidentified Pisces 

An 1 lila 1 ren~ i ns 
NelQatoda 

tkuuber of specimens examlned 
Nuuber of empty stomachs 
Mean stomach content welght(g) 
Mean fish length (em) 
length range (au) 

AREA 1\ 
Percentage 

weight 

~ 

<0.1 

0.3 

0.1 

99.6 
97.4 
1.7 

0.5 

Percentage 
occurrence 

14.3 

42.9 

14.3 

14.3 
14.3 

14.3 

7 
1 

15.056 
30.1 

16-49 

AREA II 
Percentage 

weight 

10.2 

<0.1 
<0.1 
<0.1 
<0.1 
0.2 
0.3 
6.2 
2.9 
0.1 
0.3 

<0.1 
0.2 

<0.1 
89.6 

1.0 
.20.9 

67.0 
0.2 

<0.1 

Percentage 
occurrence 

0.0 
1.5 
1.5 
2.9 
2.9 
1.5 

20.6 
7.4 
5.9 
1.5 
1.5 

10.3 

68 
24 

1.890 
26.8 
6-59 

2.9 

2.9 
1.5 

7.4 
4.4 
1.5 

AREA C 
Percentage Percentage 

weight 

§.J! 
6.5 

0.1 

0.2 
<0.1 

93.2 

14.7 
18.5 

occurrence 

11 
2 

18.241 
41.9 

20-57 

35.3 

23.5 

5.9 
5.9 

11.0 
23.5 

Total 
Percentage 

weight 

14 
0.4 

<0.1 
<0.1 
<0.1 
<0.1 
0.1 
0.1 
1.5 
0.7 
0.1 
0.1 

<0.1 
0.2 

<0.1 
<0.1 

96.0 

<0.1 
<0.1 

19.4 
0.6 
5.1 

44.2 
21.5 

92 
27 

5.946 
29.8 
6-59 

.po 
Q) 



Appendix Table 11. Stomach contents of pollock. PolheMus virens (Unnaeus). 

Stomach contents 

Polychaeta 
Unident.i fied Polynoidea 

Crushcea 
Ganlnarus annulatus 
Onidentlfied Ganmaridea 
Parathemisto 
Unidentified Hyper1idea 
Crangon septelllspinosa 
Oichelopandalus leptocerus 
Idotea baltica 
Tdotea meta llica 
neYanyctiphanes norvegica 

n entifie Euphausiacea 
Unidentified Crustacea 

Mollusca 
C1 ione 11macina 
Untdentified Pteropoda 
loli9Q. pealei 
TIfex 
UnidentHied Cephalopoda 

Pisces 
.'auroHcus cennantl 
Merluccius ilinearis 
Untdentiffed Pisces 

Animal remains 
Rod 
feather 
Nematoda 

NunDer of specimens examined 
Number of empty stomachs 
Mean stomach content weight(g) 
Mean fish length(an) 
length range (em) 

AREA A 
Percentage Percentage 
wei~~rrence 

., 

• 

AREA B 
Percentage 

weight 

!hI 
0.3 

U 
<:0.1 
0.3 

<:0.1 
0.2 
4.1 

0.3 
<0.1 
0.2 

83.9 
0.5 

<0.1 
10.1 
72.5 
0.8 

~ 
0.1 
0.4 
2.1 

1.2 
5.6 

!d 

t 

Percentage 
occurrence 

5.6 

5.6 
50.0 
5.6 

11.1 
38.9 

38.9 
5.6 

16. :1 

44.4 
1l.1 
11.1 
5.6 

ILl 

5.6 
11.1 
22.2 
38.9 
5.6 

5.6 

18 
1 

13.823 
80.2 

60-105 

AREA e-
Percentage 

weight 

U 
1.8 

0.3 
0.1 

0.1 
81.6 

81.6 

~ 

0.2 

Percentage 
occurrence 

100.0 

100.0 
100.0 

100.0 

100.0 

100.0 

100.0 

1 
o 

18.236 
106.0 
106 

Total 
Percentage 

weight 

~ 

4.8 

84.2 

U 

2.0 
5.2 

<o.T 
1.2 

0.2 

0.1 
<:0.1 
0.2 

<:0.1 
0.2 
l.8 

<0.1 
<0.1 
0.3 

<0.1 
0.2 

0.5 
<0.1 
15.4 
61.6 
0.1 

0.1 
0.4 
1.9 

19 
1 

14.055 
81.6 

60:-106 

..p. ......, 



Appendix Table 18. Stomach contents of red hake. UroEhlc1s chuss (WalbaulII). 

St~"ach contents 

Polychaeta 
[uince fiinatG Unldent e oniadidae 
P~llodoce groenlandica 
fl!l!1odoce ~ 
Unidentified Terebellidae 
Unidentified Polychaeta 

Crustacea 
~inina lo~icorn1s 
Un aentTfied Caprel1idea 
~llpel~sca agassiz1 
Erict onius rubicornls 
Eridhonius 
Uncjoh inennis 
Unciola irrorata 
liammarus anllulatus 
Unidentified lysianassldae 
leptocheirus pinguls 
Unidentified Ganwaridea 
Parathemisto 
Unidentified Cancridae 
C.'angon septemspinosa 
~a9drus acadianus 
nl ent j fled Paguridae 

Oichelopandalus leptocerus 
Unidentified Oecapoda 
Unidentified Isopoda 
Unidenh fied Crustacea 

Mollusca 
Echinodennata 
Pisces 
Animal remains 
Sand 
Trematoda 

Number of specimens examined 
Number of empty st~"achs 
Mean stomach content weight(g) 
Mean fish lenyth (an) 
length range (cm) 

AREA A 
Percentage Percentage 

weight occurrence 

AREA 8 
Percentage 

weight 

11. 9 
1.4 
0.1 
4.2 
1.5 
1.0 
3.1 

27.6 
0.3 

<0.1 
<0.1 
<0.1 
<0.1 
0.1 
1.6 

0.1 
10.3 
0.5 

<0.1 
0.4 
0.3 
0.9 
2.1 
1.0 
0.9 

<0.1 
1.1 

<0.1 
<0.1 
51.6 
T.8 
0:9 
0·1 

Percentage 
occurrence 

1.1 
1.1 
1.1 

15.4 
7.1 

23.1 

1.7 
Ui.4 
1.7 

23.1 
1.7 

23.1 
30.6 

15.4 
61.5 
15.4 
7.1 
1.1 
1.7 
1.1 

15.4 
30.8 
15.4 
1.7 

23.1 
1.1 
1.1 

30.8 
30.8 
15.4 
23.1 

13 
o 

1.529 
35.1 

11-45 

AREA t 
Percentage 

weight 

931.0 

06.4 

1.9 

4.1 

l.J! 

Percentage 
occurrence 

100.0 

66.1 

33.3 

33.3 

1 
o 

4.128 
39.3 

31-43 

Total 
Percentage 

weight 

I.:.! 

52.8 

<0.1 
<0.1 
35.5 
-r6 
(f.6 
0.1 

0.9 
0.1 
2.6 
0.9 
0.6 
2.3 

0.2 
<0.1 
<0.1 
<0.1 
<0.1 
0.4 
1.0 

33.2 
0.1 
6.3 
0.3 

<0.1 
0.3 
0.9 
0.6 
1.3 
6.6 
0.5 

<0.1 
1.1 

16 
o 

2.017 
35.9 

11-45 

-t:;.. 
en 



Appendix Table 19. Stomach contents of white hake. Uroeh~cis tenuh (MHcMH). 

AREA A AREA 8 MEA C Total 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

Stomach cOfltents weight occurrence weight occurrence weight occurrence weight 

POltchaeta !!:.! !hi 
P yllodoce ~ <0.1 9.1 <0.1 
Unidentified Phyl10docidae 0.1 9.1 . 0.1 

Crustacea 100.0 0.5 16.5 b.Q 
Undola inennis <0.1 9.1 <0.1 
GaRinarus annuratus 16.5 100.0 0.1 
Gammarus macronatus <0.1 9.1 <0.1 
Anonyx san' <0.1 9.1 <0.1 
leptocheirus p1nguis <0.1 9.1 <0.1 
Crar90nse~temspinosa 0.1 9.1 0.1 
Oiclelopandalus leptocerus 0.3 16.2 0.3 
Unidentified Pandalidae 100.0 100.0 1.4 
Unidentified Crustacea 0.1 9.1 0.1 

Pisces 99.2 23.5 _97.1 
Merluccius bil~near1s 0.1 9.1 0.1 
Unidentified Gadidae- 81.8 9.1 80.5 
Unidentified Pisces 11.3 21.3 23.5 100.0 11.1 

Anima 1 relna i ns <0.1 9.1 <0.1 
Sand (f.2 9.1 (f.2 
Nematoda <0.1 9.1 <0.1 

Number of specimens examined 1 H 1 13 
Number of empty stomachs 0 3 0 3 
Mean stomach content weight(g) 6.271 40.472 0.812 34.791 
Mean fish 1enth (CIII) 46.0 52.1 50.0 51.6 
length range all) 46 26-61 50 28-61 

+=:0 
lO 



Appendix Table 20. Stomach contents of black sea bass '.' Centropristis striata (Unnaeus). 

AREA A AREA D AREA C Total 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

Stomach contents weight occurrence weight occurrence weight occurrence we!9!!! 

Crustacea 
Unciola 1rrorata 
Cancer irroratus 
liTCheTopandalus leptoceru~ 

Mollusca 

Number of specimens ex.amined 
Number of empty stomachs 
Mean stomach content welght(g) 
Mean fish len.9th (em) 
length range (em) 

31.0 
0.9 

25.2 
10.9 

63.0 

100.0 
100.0 
100.0 
100.0 

1 
o 

1.509 
33.0 
33 

31.0 
--0.9 

25.2 
10.9 

63.0 

1 
o 

1.509 
33.0 

33 

Ul 
o 



Appendix Table 21. Stomach contents of Atlantic woHfish. Anarhichas lupus (Unnaeus). 

Stomach contents 

Number of specimens examined 
Number of empty stomachs 
Mean stomach content weight(g) 
Mean fish length (aR) 
length range (em) 

AREA A------------~AREAB ----- -- --- -- ----AREA C- Total 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

weight occurrence weight occurrence weight oCClArrellce· weight 

1 
1 

0.000 
98.0 
98 

1 
1 

0.000 
98.0 

98 

01 
....... 



Appendb Table 22. Stomach contents of Atlantic mackerel. Sember scombrus (Unnaeus). 

AREA A --·AR£A o------~ ----------mA--C----· ------rotil 
Pe-rc-entage Percentage Percentage Percentage Percentage Percentage Percentage 

Stomach content~ weight occurrence weight occurrence weight occurrence weight 

Crustacea 
Gallllllarus annulatus 
Ganmarus 
Unidentified Hyperildea 
Crafl90(j septemspinosa 
Oecapo a larvae 
Unidentified Oecapoda 
Neomys i s amed cana 
Unidentified Hysidacea 
Unidentified Calanoida 
UnidentHied Copepoda 
Unidentified Crustacea 

Chaetognatha 
Uydrozoa 
Bryozoa 
Pisces 

Pisces bones 
Pisces scales 

An111lill remains 
Nematoda 

Number of specimens examined 
Number of empty stomachs 
Mean stomach content weight(g) 
Mean fish length (Col) 
length range (em) 

36.5 

..u 

,0.1 

,0.1 

31.0 
5.5 

58.3 

.58.3 
hi 

13 

15.4 

1.1 

92.3 
7.1 

15.4 

69.2 
15.4 

o 
0.860 

36.2 
32-38 

99.6 
99.5 
,0.1 

<0.1 

<0.1 
<0.1 
<0.1 
<0.1 
,0.1 
0.1 

<0.1 
'<0-:1 
, 0.1 

<0.1 
0.1 

0.3 
<o.t 

94.9 
LO 

4.1 

l.0 
1.0 
1.0 
3.1 
LO 
2.0 

4.1 
5.1 

1.0 
16.3 
3.1 
5.1 

98 
2 

5.642 
33.0 

26-39 

98.3 

0.1 
<o.T 
<o.T 
T.3 

0.3 
,0.1 

97.5 
<0.1 
<0.1 
<0.1 
,0.1 
,0.1 
<0.1 
<0.1 
0.6 
0.1 
0.1 

<0.1 
1.3 

III 
2 

5.082 
33.4 

26-39 

U1 
N 



Appendix Table 23. Stomach contents of butterfish. Peprilu5 triacanthu5 (Peck). 

Stomach contents 

Crustacea 
Gailinarus annulatus 

Salpida 
An 1ma 1 rema 1 ns 
Nematoda 

Number of specimens exami ned 
Nunber of emp ty stomachs 
Mean st~nach contcnt ~eight(9) 
Mean fish length (em) 
length range (em) 

ARIA A --. --~--~-. -----mA--n----~-·---____,u{~-----ToIii1 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

weight occurrence weigM occurrence weight occurrence weight 

100.0 28.5 

14 
10 

0.030 
15.9 
6-20 

H 
4.6 

90.2 
5.2 
<0.1 

12.5 
12.5 
12.5 
12.5 

8 
6 

0.073 
21.1 

14-24 

U 

52.7 
44.6 
<0.1 

2.7 

22 
16 

0.045 
18.3 
6-24 

01 
W 



Appendix Table 24. Stomach contents of sea raven, Uemitripterus 3mericanus (Gme Hn). 

AJ~EA-I\ - -1\REA-~- --- -------AREA:l: Total 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

Stomach contents weight occurrence weight occurrence weight occurrence weight 

NlJIliber of specimens exami ned 
Number of empty stomachs 
Mean st~nach content weight(g) 
Mean fish len9th (em) 
length range (em) 

II 

1 
1 

0.000 
21.0 

21 

1 
1 

O~OOO 
27.0 

27 
Ul 
~ 



Appendix Table 25. Stoillach contents of longhorn sculpln. Hyoxocephalus octodecempsjnosu5 (MitchtH). 

AREA A AREA 8 AREA C T ola 1 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

StQmil<;h qu!tent!i W~ight QcctJrJ'(mc~ W~ight occurrence weight occurrence weight 

Polychaetia 
Crustacea 

EriGthonlus rubicornius 
Ed cthoni us 
Uncto1a lrrorata 
Unidentified Crustacea 

Sand 

Number of specimens examined 
Number of empty stomachs 
Mean stoIRilch content weight(g) 
Mean fish len9th (an) 
length range (cm) 

3.4 
72.5 

to.3 
3.4 

31.0 
27.8 

24.1 

33.3 

33.3 
33.3 
33.3 
33.3 
33.3 

3 
o 

0.010 
16.7 
8-29 

~ 

3.4 
72.5 

24.1 

to.3 
3.4 

31.0 
21.8 

3 
o 

0.010 
16.1 
8-29 

Ul 
Ul 



Appendix Table 26. Stomach contents of alHgatorfish. Aspidophoroides monopterygiU5 (Bloch). 

-~-··~'\f{a-A -~--I\R£JCfj~---------· ---~[1\T .-~~ ._- Total 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

Stomach contents weight occurrence we1ght occurrence weight occurr€!llce ~etght 

Crustacea 
Ericthonius rubicomis 

Number of specimens examined 
NlJllber of empty stomachs 
Mean stomach content weight(g) 
Mean fish len9th (cm) 
length range (em) 

100.0 
--100.0 100.0 

1 
o 

0.003 
8.0 

8 

100.0 
--100.0 

1 
o 

0.003 
8.0 
8 

U1 
Q) 



Appendix Table 27. Stomach contents of windowpane. Scophthallllus aquosus (tUtchH1). 

-AREA A AREA 0 AREA C Total 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

Stomach contents weight occurrence weight occurrence weight occurrence weight 

Crustacea 
Ganmarus annu1atus 
Neomys'is americana 

Pisces 
ScoShthalmus a uosus 
Unl entifled sees 

Number of specimens examined 
Number of empty stomachs 
Mean stomach content weight(g) 
Mean fish length (em) 
length range (an) 

99.3 
69.0 
30.3 

.Qd 
0.1 

<0.1 

100.0 
25.0 

25.0 
25.0 

4 
o 

5.409 
26.8 

25-28 

99.3 
--69.0 

.Qd 
30.3 

0.1 
<0.1 

4 
o 

5.409 
26.8 

25-28 

U1 
'i 



Appendix Table 28. Stomach contents of witch flounder. Glyptoccpha lus c,ynoglossus (Unnaeus). 

AREA 7i.AREA- 8 --- --~------1\REA-C- ---- ~~~Total 

Percentage Percentage Percentage Percentage Percentage Percentage Percclltage 
Stomach contents weight oq:urnmce W~ight oc;currence weight occurrence w~ight 

Polychaeta 
Unidentified Maldanldae 
Lurnbriner1s fragilis 
Onupt1s erimHa 
Onur 15 
Goniada ruaculata 
Unidentified Nephtyidae 
Unidentifled Splonidae 
Unidentified AmphareUdae 
Unidentified Pol,ychaeta 

Crustacea 
Ca sCo b1 ~e 1 OWl 
Unidentl led Oecapoda 
Unidentified Crustacea 

Number of spedmens examined 
Number of empty stomachs 
Mean stomach content weight(g) 
Mean fish length (an) 
length range (cm) 

98.8 

14 

2.8 

4.1 
16.9 

2.5 

44.1 
21.8 

0.7 
0.5 

100.0 

33.3 
33.3 

66.1 

66.7 
100.0 

33.3 
33.3 

3 
o 

1.122 
47.3 

41-51 

97.4 

57.1 

1.0 
1.2 
0.5 

~ 

31.0 
1& 

2.6 

100.0 

100.0 
100.0 
100.0 

100.0 

100.0 

1 
o 

1.033 
58.0 
58 

98.5 
2.1 

13.6 
3.1 

13.0 
1.6 
2.2 
0.1 

34.2 
28.6 

U 
0.5 
0.4 
0.6 

4 
o 

1.100 
50.0 

41-58 

01 
()) 



Appendh Table 29. Stomach contents of American plaice, ~lossoides platessoides (Fabricius). 

--rolEA A MfA B AREA C Tala 1 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

Stomach contents weight occurrence • weight occurrence weight occurrenceweigbt 

Polychaeta 
Nephtjls 1ndsa 
Potamethus 
Unidentified Polychaeta 

Crustacea 
Ericthonius rubricornis 
Unidentified Galllnar1dea 
(rangon septemspinosa 
£a~arus n entified (umacea 
Mi~anyctiPhanes norVeglca 

Por era 
Mollusca 

Unidentified Pelecypoda 
Echinodennata 

Ophiura ~ 
Ophiura 
Unidentified Ophiuroidea 
Unidentified Echjnodennata 

Pisces 
Merlucc1us bilinearis 

Trematoda 
Nematoda 

Hlinber of specimens examined 
Number of empty stomachs 
'1ean stomach content weight(g) 
Mean fish length (em) 
length range (em) 

U 

hQ. 

3.3 
0.3 

92.7 

<0.1 
<0.1 

1.2 

1.5 

<0.1 

<0.1 
1.0 

0.3 

14.8 
17.9 

1.7 

7.1 

7.7 

1.1 
7.1 
1.1 

1.1 

69.2 
15.4 

15.4 
7.7 

13 
3 

0.401 
28.6 

12-46 

24.2 

24.2 

lJ! 
<0.1 

0.7 
3.1 

14 
3.2 

66.8 
64.1 
1.4 
1.3 

2.0 
2.0 

~ 

14.3 

14.3 

14.3 
14.3 

14.3 

28.6 
14.3 
14.3 

14.3 

1 
1 

1.324 
40.4 

32-47 

16.5 
0.4 

15.5 
0.6 

2.9 
~<O.l 

1.2 
2.2 

<0.1 
0.5 
2.0 

<0.1 
0.4 

2.2 
75.9 
-- 41.0 

h! 
<0.1 
<0.1 

0.9 
6.0 

28.0 

1.3 

20 
4 

0.724 
32.8 

12-47 

Ul 
W 



Appendix Table 30. Stomach contents of yellowtail flounder& Umanda ferruglnei! (Storer). 

AREA A AREA 8 AREA C Total 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

Stomach contents weight occurrence weight occurrence weight occurrence weight 

Polychaeta 31.2 4.6 23.9 
Unldent1f1ed Ma Idanidae 0.7 30.0 0.9 25;0 0.8 
Unidentified Orbiniidae <0.1 10.0 <0.1 
~AY'1rd capitata II 0.1 10.0 0.1 

Y 0 oce groenlander .0.1 <0.1 
Phyllodoce mucosa 2.2 10.0 1.3 
Phyl10doce -- <0.1 20.0 0.2 25.0 0.1 
UnidentUied Sigalionldae l.5 SO.O 1.4 
Unidentified Syll1dae <0.1 20.0 <0.1 
Unidentified Sabcl1idae 8.1 50.0 4.9 
Unidentified Cirratulidae 0.1 20.0 0.1 
Unidentified ~npharet1dae 12.2 60.0 1.2 
Afil¥hltrlte cirrata 1.0 lO.O 1.8 
Un dentfifed Polychaeta 10.5 70.0 6.2 

Crustacea 42.6 90.8 62.S 
Aegjnina 10n91corn1s 0.3 20.0 0.2 
Unidentified Caprellidea 0.1 20.0 <0.1 
Corophium 1.0 50.0 0.6 
Ericthonius rubricorn1s 10.6 30.0 6.3 
uneioh inennis 21.7 100.0 16.3 
Ganlilla"rus annul atus 90.8 100.0 31.4 
Unidentified lysianassidae <0.1 10.0 <0.1 
~nony)( sars i 0.6 20.0 0.3 
1 jppomedOnSerratus 0.2 10.0 0.1 
leptocheiru5 pinguis 0.3 30.0 0.2 
PhoxocepfiafUs holboll1 <0.1 20.0 <0.1 
Unidentified Amphipoda 0.6 10.0 0.3 
Pdgurus pubescens 0.5 20.0 0.3 
Unidentlfied Paguridae 0.3 lO.O 0.2 
Edotca 0.1 10.0 0.1 
(hiridoted 0,3 20.0 0.2 
Unidentified Cumacea <0.1 10.0 <0.1 

Mollusca b! hI 
Unidentified Pelecypoda 0.5 40.0 0.3 
Unidentified Gastropoda 2.3 lO.O 1.4 

Echlnodenllata <0.1 30.0 <0.1., 
An ima 1 rema 1 ns 3.0 30.0 H 25.0 n 
Sand 14.3 80.0 8.4 
Nematoda 0.1 10.0 0.1 

Number of spec1mens examined 10 4 14 
Number of empty stomachs 0 0 0 
Mean stomach content weight(g) 0.643 1.123 0.780 
Mean fish length (em) 35.6 33.0 34.9 
length range (em) 18-43 30-37 18-43 

()) 
0 



Appendix Table 31. Stomach contents of winter flounder. Pseudopleuronecte~ (lmerlCanus (Walbaun). 

AREA A AllEllf AREA C T ota 1 
Percentage Percentage Percentage Percentage Percentage Percentage Percentage 

St(»nach contents weight occur'rence weight occurrence Weight occurrence weight 

Polychaeta 
Phfl1odoce 
Un dentHied Sabel Hdae 
Unidentified Polychaeta 

Crustacea 
Ericthonius rubr1cornis 
Uociola irrorata 

[chi nodenna ta 
Unidenti ned Ophiuroidea 

Trematoda 

Number of specimens examjned 
Number 0 f empty stomachs 
Mean stomach content welght(g) 
Mean fish length (all) 
length range (an) 

100.0 
--100.0 

<!!.:.! 

15.0 

25.0 

4 
1 

0.008 
21.0 

18-24 

86.3 

13.1 

4.8 
3.4 

78.1 

8.9 
4.8 

50.0 
50.0 
50.0 

50.0 
50.0 

2 
o 

0.013 
21.5 

21-22 

1 
1 

0.000 
31.0 

31 

11.6 

11.4 

17.0 

<!!.:.! 

4.0 
2.8 

64.8 

1.4 
4.0 

11.0 

7 
2 

0.025 
22.6 

18-31 

m ...... 


