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Abstract 

Quantitative data from the analysis of 28 species of fish, approximately 
18,500 stomachs collected from Cape Hatteras to Western Nova Scotia during 
1969-72 are arranged to show trophic relationships among selected consumer 
groups. Seven groups are identified as invertebrate feeders while three are 
identified as fish feeders. The food content of each group is related to the 
nature of Its diet. 

The ma~or foods of cod, Gadu. mo~hua (linnaeus); haddock Me~ano~s 
aeglefinua (linnaeus); and sHver hake, Mer~uocius bilinearis /Hftchl1ll are 
presented. Only a slight region.l v.ri.tion in dominance .mong the major food 
groups was detected. 

Squid is shown to be a significant component of the diet of some demersal 
fish with 48 predators, pelagic and demersal, being identified. 

Competition between herring, Clupea harengu. harangue linnaeus and mackerel, 
Scamber Boombru8 L1nnaeus was measured using an overlap index. Results 1ndicate 
that herring and mackerel are feeding on the same types of organisms, however, in 
substantially different proportions. 

Introduction 

The overall trophic economy of an ecosystem depends on how the food 
resource is divided among the consumer components (Steele, 1974). 

The purpose of this document is to indicate the inter-specific trophic 
relations among selected consumer groups by an.lysis of their food habits. 
This report is divided into 4 parts: 

1) presentation of a multispecies predator-prey matrix. 
highlighting trophic interactions among 28 predator 
speCies; 

2) • closer look at 3 major predators; cod (Gadus mo~hua). 
haddOCk (MelanogrammuB a8glBfinu8), and silver hake 
(Merluooiu8 bilineari8), with a consideration of 
regional food habits; C2 

1 All ICNAF documents will now be numbered to include the month (in Roman numerals) of tbe •• eting at wh1ch 
they were presented. 
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3) review of squid predAtors And relAtive importAnce of 
squid in the diets of some North AtlAntic fish; And 

4) A brief Analysis of inter-specific competition between 
herring and mackerel. 

Source of data 

Some 80 species of fish were collected by the Northeast Fisheries Center, 
Woods Hole, from Cape Hatteras to the Nova Scotian shelf (Figure I), during 9 
stAndard groundfish surveys, 1969 to 1972 (Table I). Specimens were selected at 
random from the survey catches for food studies. For the present analysis, 28 
species were selected (with sufficient sampling heterogeneity to minimize 
seasonal and regional bias) and grouped according to Table 2. The data presented 
represents the quantitative analysis (wet weight In grams) of the stomach contents 
of approximately 18,500 adult specimens. 

DAta analysis 

The food habits information for each predator speci~represents a 
coll.tion of data over all areas and all seasons sampled. So that interactions 
could be assessed on an equal basis the prey weight in grAms was pro-rated to 
a metric ton of predator (see Table 3). Thus, for example, a metric ton of cod 
would have consumed 66 grams of haddock, 414 g redfish, 305 g yellowtAil, etc. 

Squid represent only the commercial species £Oligo and, or Illex. The 
deep water forms such as Ro •• ia have been omitted. 

The terms predator and prey are used to denote the consumer (predator) 
and the items which are consumed (prey), and does nat necessarily imply active 
pursuit or hunting an the part of the consumer. 

The values in Table 3 dre underestimates of the quantity consumed in all 
prey categories due to the inclusion of an excess number of empty stomachs in 
the calculations. This arises from the difficulty in determining whether a 
stomach is naturally empty or is empty due to induced regurgitation. 

The prey category "ather finfish" includes the weight of unidentified 
fish, fish eg9s, and those which could only be identified to A higher taxa 
(e.g. gadidae), resulting in an overestimate for "ather finfish" and a further 
underestimate for the ather fish categories. 

A multispecies predator-prey matrix 

The results of the analysis of the multispecies assemblage are presented 
in Table 3. If the diet of the 28 species are considered collectively, total 
column far right, fish (eaten by 25 species) constituted 46% of the diet while 
invertebrates (eaten by all 28 species) slightly dominated at 54%, including 
2.1% squid. Of the specific predator categories the major pisclvorous species 
were silver hake, 72%; cod, 69%; and the other finfish category, 63%. The 
diets of all other species were strongly dOminated by invertebrates; haddock, 
98%; redfish, 98%; yellowtail, 99%. herring 99%; mackerel, 95%; other flatfish, 
94% and pollock, 69%. 

The potential for interaction between species can be more easily seen 
by considering the distribution of each prey item among the predators. 

Cod . No predators were identified for cod. Indeed, adult cod were larger 
and more active than most other graundfish considered in this report. 
The diets of the larger natural predators such as sharks, porpoise and 
whales are not known from the study area. However, small cad (5-20 em) 
were probably edten in substantial quantities by other groundfish but 
due to the difficulty in separating small cod, haddock and pollack, 
especially those in a semi-digested state, smaller cod become lumped 
with other small gddids at the family level (Gadidae) and therefore 
were included in the "other finfish" category. 

Haddock - Predators include cad, pollack and ather finfish. Haddock, a minor 
prey item, accounted for only 0.5% of all fish consumed (right hand 
_~1 .. __ .\ I+- ........... 1 .... t-.. .. nn+ ... rI "" ...... " ...... +k",+ +-&..~ .l~ __ ....... _& ~~ ... ..I __ I ....... .. 
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Redfish - Cod, haddock, and other finfish were redfish predators. Redfish comprised about 3.5% of the total fish eaten by all predators considered. 

Yellowtail - This flatfish constitut~d 2.5% of the fish component of the cod diet. Yellowtail was relatively insignificant as a prey item for silver hake and other finfiSh, and contributed only 1.1% of all fish eaten. 

Other flatfish - Other flatfish were of about equal but minor importance in the diets of cod and other finfish and make up only 1.5% of the fish component of the total predator column. 
Herring -

Mackerel 

Pollock -

Herring constituted a major portion of the diets of cod (15%) and silver hake (10%). Pollock and other finfish were InSignificant predators. Herring accounted for 11% of the fish eaten by all predator speCies combined. 

- Mackerel, like herring was. significant component, constituting 19% of the silver hake diet and 15.2% of the other finfish (primarily spiny dogfish) category. Cod was a minor predator with only 2.z% of Its diet weight being mackerel. 

No significant predators were identified for pollock presumably for the same reasons presented for cod earlier. Cannibalism, larger pollock eating smaller pollock, was indicated but insignificant, comprising only 0.1% of the pollock diet. 
Silver hake - Six predator categories were identified for Silver hake. It accounted for 4.7% of the flatfish diet, 2.1% of the mackerel diet, 1.4% of the pollock diet, 2.3% of the other finfish diet, and a small amount in the cod diet. Cannibalism, 3.5% was more Significant in the silver hake diet than any other species consfdered. 
Other ffnffsh - This category shows the relative importance of fish fn the diet of the predator specfes. Again ft fs quite easy to identffy the more piscivorous groups, cod, pollock, sflver hake and other finfiSh. An expansion of this section of the matrix fs needed before many specific predator-prey interactions can be identffied. 
Squid - Squid were found in the diet of 4 categories: other flatfish, 4% (diet weight), silver hake, 2%, other finfish (bluefish, spfny dogfish and goosefish), 8.4% and present in a minor quantity in the mackerel diet. 

- These values illustrate the significance of the as a food source for most marine fish. Agafn, invertebrate prey was dominant fn the diets of 18 of the 28 species analyzed, constituting 52.2% of all prey consumed by the 28 specfes considered. 

Invertebrate components of haddock, yellowtail, other flatfish, herring and mackerel were all between 2,000 and 3,000 grams. Two other predators, cod and redfish, consumed between 3,400 and 5,400 grams while the invertebrate component for pollock was extremely high, 10,490 grams. 

Relative importance of prey groups 

The importance of each prey category to the multi species assemblage can be deteml1ned by comparing the totals which appear in the far right hand column. Other finfish, mackerel. herriny. and silver hake were major contributors to the fish component of the prey biomass. Squid accounted for 2.1% and other invertebrates for 52.2% of the total prey biomass consumed by the 28 predator species. 

C4 
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A static comparison of food intake 

The bottom row of figures in Table 3 gives the relative consumption or 
food intake in grams per metric ton of predator if it were measured at a single 
point in time hence. static food intake. Figure 2 presents the same information 
in bar graph form. • 

Cod contained more prey than any other predator. some 22% of the 
prey biomass total (78.073 g). Two other gadids. pollock and silver hake. and 
other finfish contained 20%, 17%. and 16%. respectively. 

The six remaining groups shared the residual 23% as follows: redfish. 6S. 
haddock. 4S. herriny, 41. other flatfish. 4%, yellowtail. 3%. and mackerel. 3%. 

The food content is related to the percent fish in the diet (Figure 2). 
Generalizing. those predators with a high percentage of fish In their diets 
(fish feeders) have a high food content and those with an extremely low percentage 
of fish in their diets (invertebrate feeders) have a correspondingly low food 
content. Some 77% of the total prey biomass was proportioned among the fish 
feeders While 23% was distributed among the invertebrate feeders. 

For a better understanding of Figure 2 such things a. digestive efficiency, 
time of digestion. feeding rate, feeding chronology, and Indjyidual' 'elll1ing 
behavior of each predator must be known. 

Special consideration of three major gadid species 

Bowman!! (1975). has recently analyzed the food habits of cod, silver 
hake, and haddock utilizing the same data base (1969-1972) as is presented in 
the multispecies analysis. This section summarizes some of Bowman's results 
as regards the general and regional food habits of those species. 

According to Clark and Brown (1975), five species, cod, haddock, silver 
hake, red hake. and pollock account for approximately 67% of the biomass of all 
demersal fish. Of this, cod, silver hake. and haddock comprise 76S of the totel 
gadid biomass. Therefore it is imperative that we understand the division of 
available resources among these three major gadid species. 

In general 51 her hake and cod are better described as IImixed feeders" 
although their diets are both predominantly fiSh. The silver hake stomach 
contents consist of 96% fish and crustaceans, while the cod diet is 80% fish 
and crustaceans. A diverse invertebrate fauna characterizes the haddock diet, 
which consists of 35% echinoderms and lesser amounts of crustaceans and 
polychaetes. 

Only silver hake were sampled in sufficient numbers from the M1ddle 
Atlantic and Southern New England to be considered in those regions. The food 
habits of all three species will be presented for Georges Bank, the Gulf of 
Maine, and Western Nova Scotia. 

Middle Atldntic. The silver hake diet consisted chiefly of fish. othe" 
silver hake, and lanternfish (mYctophids). Crustaceans, primarily krill shrimp 
(euphausiids), sand shrimp (~on), and the deepwater shrimp (Dioh6~opandalU8). 
were of secondary importance. 

Southern New England. Fish again dominated silver hake d1et with mackerel 
(Scombridae) being most common followed by other gadids and butterflsh. Cannab
allsm was the highest In this area, 7% of the d1et we1ght. 

Georges Bank. Cod fed primarily on sculpin eggs, 14% diet weight and 
other fish, 12% diet weight, including yellowtail, sculpins, and gadlds. 

While 60S of the silver hake diet consisted of fish, only lanternfish 
(myctophids) and silver hake were identifiable. 

!7 R. Bowman. Food habits of cod, silver hake, and haddock fr~ the Northwest 
Atlantic, 1969-1972. Northeas '; Fisheries Center, Lab. ref. 75-1. 
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Polychaetes (24%) and crustaceans (23%) were the chief food items of 
haddock. The polychaete component consisted of terebellid. sabellid. and nereid 
forms and the crustacean component of gammarld amphlpods and krill shrimp 
(MBganyatiphansB) • 

Gulf of Maine. Fish again d';';lnated the cod diet which consisted of 
27% herring with lesser amounts of redflsh. mackerel. and gadids. Crustaceans 
accounted for 23% of the cod diet. primarily the deep-sea red crab (Gsryon). 

The slIver hake were also fe«llng heavily on herring. 28% diet weight. 
which was followed In Importance by mackerel (scombrldae) and alewifes. 
Crustaceans. a minor element of the silver hake diet. Included krill shrimp 
(MoganyotiphaneB). glass shrimp (Pasiphaoa). and deepwater shrimp (Pandalldae). 

Echinoderms dominated the haddock diet (53%). composed primarily of 
brittle stars (Ophiural. sea urchins (Echinoidea). and sea cucumbers (Thyone). 

Western Nova Scotia. The cod diet consisted mainly of fish. sand lance 
(12%). herring. and gadlds. Crustaceans consumed Include krill shrimp 
(MoGanyotiphaneB). toad crabs (~aB). and pandalld shrimp. 

The silver hake diet was domtnated by two ltems.gadid fish accoijpt for 
over 50% of the diet and krtll shrimp (MoganyotiphanBB) constitute an additional 
28%. 

In contrast. echinoderms again dominate the haddock diet. primarily 
brittle stars (OphiophaliB and Ophiura). sea urchins (Stronqylooontrotus). 
and sea cucumbers (PBolus). 

Predator-prey relationships of squid (£Oligo and Illex) 

literature review. A brief review of the literature identifies 48 
predators of squid. listed In Table 4. which Includes many demersal as well 
as pelagiC species. The pelagic group contains a contingent of large fast 
moving predators. swordfish. the bluefin tuna. skipjack tuna. and seven sharks. 
The smaller sharks are the sand tiger. porbeagle. night shark. smooth dogfish. 
and the spiny dogfish. Two larger oceaniC species. the thresher and white 
sharks. are also listed. 

The largest squid predator. specifically reported from the ICNAF area 
by Mercer (1974) is the northern pilot whale. 

The smaller pelagic species include. the alewife. john dory. croaker. 
s11verslde. bluefish. butterflsh. hickory shad. scuP. and weakfish. 

Some 22 species of demersal fish are also reported as squid predators. 
gadids. flatfish. skates. gooseftsh. sea raven. Sea robin. redflsh. grenadier. 
and tileflsh. 

The list which appears In Table 4 is not complete. but It does Identify \ 
most major predators of adult squid In the ICNAF area. 

Relative importance In fish diets. 

Of the 28 species analyzed for this report eleven were identified 
as squid predators. The relative Importance of squid In the diets of these 
eleven fish are shown In Table 5. 

Only two pelagic predators are listed. Bluefish ranks as the most 
Important predator. as squid constitute 30.5% of the diet weight. This fish 
Is known for its voracious feeding habits and has been observed "tearing" 
through large schools of squid (Bigelow and Schroeder. 1953). Although mackerel 
seem to possess the speed and size necessary to be a successful squtd predator. 
squid represents only 0.1% of the diet weight. 

The h19h percentage of squid in the stomach contents of the nine remaining 
demersal species 15 quite surprising. Some higher percentages include sea raven. 
19.9%; fourspot flounder. 17.7%; spiny dogfish. 12.6%. and goosefish. 12.21. C 6 
Squid are less important In the diets of the other demersal fish such IS slIver 
hake. 2.1S and whlte hake. 1.8%. 
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Interaction with the demersal community may be associated with observed 
squid behavior. Observers aboard research submersibles have reported that 
squid frequently lie in a "resting position" on the bottom. During this period 
Individuals appear to be quite lethargic and therefore subject to substantial 
predation by demersal predators. 

Herring and mackerel competftlon study 

A special food and feeding study was undertaken 1n the Spring of 1974. 
The aim of these studies was to Identify the major food 1tems of herring and 
mackerel and to attempt to analyze the degree of Inter-specific competition with 
regard to feeding. AnalYSis was clrrl~d out on the basis of wet weight of each 
food organism present. Preliminary results show that herrin9 fed mainly on 
chaetognaths (431) and euphausiids (34%) and pteropods (6.2%) and mackerel fed 
mainly on calanoid cope pods (32.71) and pteropods (33.51). 

A comparison of genera from the stomachs of each species. Table 6. shoWs 
that 16 of the 29 food items IdentIfIed were shared by both species. The extent 
of diet overlap (Horn. 1966) was measured. based on quantitative stomach analyses. 
Results indicated that there was considerable diet overlap (0.82) when calculated 
for frequency of occurrence. however. only a small amount of overlap (0.12) when 
based on percent stomach content weight. Therefore a general conclusion .ould 
be that herr1ng and mackerel are eating the Sime kinds of organisms. however. 
in substant1ally different proportIons. 
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Tabl, 1. Distribution of stomach samples collected ~ HEFC, 
Woods ItQle, betloleen 1969 and 1972. 

CRUISE YEAR SEA! ON NO. SPECIES NO. FISH 

69-11 1969 Fall 27 1637 . 
711-6 1970 Fall 22 2672 
71-1 1971 Spr;,ng 31 3298 
71-4 1971 Fall 5 78 
71-6 1971 Fall 26 1406 
72-1 1972 Winter 16 471 
72-2 1972 Spr~ng 43 3715 
72-5 1972 SIIIl,1I!r 3 12 
72-8 1972 Fal': 37 3063 

Table 2. Species categories considered In the ~trlx analysis. The number of 
fish analyzed appears In parentheses. 

ICNAF MANAGEMENT SPECIES OTHER FU.TFlSH 

1. Cod (1706) 
2. Haddock (1369) 
3. Redflsh (921) 
4. Yellowtail (2715) 
5. Herring (344) 
6. Mackerel (278) 
7. Pollock (587) 
8. Silver hake (2330) 

1. Fourspof: flounder jB95) 
2. Sand flounder (120 
3. Witch flounder (955) 
4. American plaice !g881 
5. Winter flounder 115 

C9 

OTHER FINFISH 

1. Alewife (136) 
2. Scup (346) 
3. Butterflsh (452) 
4. Bluefish (46) 
5. Spotted hake (~33) 
6. White hake (61a) 
7. Red hake (933) 
B. Ocean pout (238) 
g. Goaseflsh (250) 

10. Wolfflsh (176) 
11. Sea riven (lOS) 
12. Longhorn sculpin (90B) 
13. Spiny dogfish (382) 
14. Little skate !393) 
15. SInooth skate 87) 
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Tabla 5. The relative quantitative importance of squid in the 
generalized diets of some North Atlantic fish. 

PREDATORS PERCENT DIET WEIGHT 

1. Bluefish 30.5 

2. Sea raven 19.9 

3. Fourspot flounder 17.7 

4. Spill.)' dogfish 12.6 

5. Goosef1sh' 12.2 

6. Witch flounder 2.B 

7. Silver hake 2.1 

B. White hake 1.8 

9. Red hake 1.2 

10. Offshore hake 0.9 

11. Atlantic mackerel 0.1 

Table 6. Co-occurring generic food items in herring 
and mackerel. (Present, +, Absent, -J. 

Herrln9 Mackerel 

GanInaruB + + 
Hyperia + + 
rxastylus + 
Cl'aniJon + 
l'agunuJ + 
Pandalus + 
Neganyatiphanes + + 
ThyaanosBBa + 
Nsomysis + + 
CaZanus + + 
Climtl'Opafl6B + + 
TBI1IOlICl + + 
RhinoalanuB + + ; 
Ps.udoca Zanus + + 
Ew:Jhil'6l Za + 
Netridw + + 
PleUl'""""",,,, + + 
Candaaw + + 
Tort4nUB + 
Oithona + + 
MaaroBetelZa + 
ClionQ + 
Limaoina + + 
Sagitta + + 
Ophiura + 
Dilwplewoa + + 
FJ>i ti l Zarw 
JHno luooiua + 
Anrnodjft •• + + 

C 14 
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F1,. 1. Area. sampled from 1969 to 1972 by the 
Groundfiah Survey Unit. NEFC. Woods Hole. 
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