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ABSTRACT

for by

cape n	 % byr-7ETT-073"7—vas low compared with the
wfoundland and Labrador. Variability In stomach
fferences In distribution of the various prey and to a
cod length. However, there was no strong preference
es of cod were highest In the south-central part of the
gh, and in the north of the Division, wh ere stomach
n edge of the Grand Bank plateau appears to be
and may be an area of enhanced productivity.

INTRODUCTION

In May-June 1979 cod (Gadus morhue) on the northern Grand Bank (NAFO Div. 3L) were
feeding on a wide variety (7717b7757 at least 66% of the diet by weight was accounted
Just five sPecIes: two planktivorous fish (sand lance, Ammodytes  dubius, and capel in,
M11 t	 111	 ) two crabs (rhi	 etes o 11 lo and Hyas araneu=iit1W the euphausi id,
Thysanoessa rasch II. The imporTATTEF751,
results of other studies off eastern N E
contents was attributable in part to di
gradual change in diet with Increasing
for any o f the maJ or prey tYPes• Catcl
Division, where stomach ful Iness was h
fullness was very low. The nor thwes to
particularl Y favourable for cod feedin

orhua L., on cape! In, Mal lotus  viilosus (Mul ler), is
n a present to marine fisheries management in the
dor (NAFO Div, 2J+3K+3,L) . Capel in migrate to the
and are preyed upon Intensively by cod which arrive

Mme time (Templeman, 1965; Lilly and Fleming, 1981).
cape! in (PoPova, 1962). Indeed, In offshore regions
t various times and. locations throughout the year
75 ; Minet and Perodou,' 1978; Ltily,. 1982). This
d offshore has led to the general hypothesis that cod

PredatiOn by Atlantic cod, Gadus
the trophic i nteraction of major:7E577e
areas of eastern Newfoundland and Labr
shal low Inshore waters to spawn in. Jun
from the offshore banks at about the s
Cod which remain offshore also prey on
predation by cod on capel In continues
(Turuk, 1,968, 1978; Stanek, 1973, MS
conspicuous interaction both : 1 nshore a
are dependent on cape! in.

An initial examination` of the int
Newfoundland fatled to demonstrate any
abundance of capel in (Akenhead, et al.
demonstrabie relationship might 's Imp 1 y
noted that cod feed on a wide variety
capel in. The strength of the interact
experimentally manipulating abundances
monitoring the response of cod as cape
one may derive some insight into the s
contribution of cape/In to the diet of
available and acceptable.

ractIon between cod and capel in off northeastern
relationship between the growth of cod and the
1982). Although it was clear that the lack of any

reflect inadequacy of the available data, It was also
rIf organisms and therefore may not be strongly 1 i nked to

ion between cod and capel in can be determined only by
of the two species or, less satisfactori ly, by
lin abundance fluctuates natural ly over time. However,
trength of the interaction by determining the
cod and by determining whether alternate prey are

The OurlposeHO.f.this. , paperis : .to deter ili tne thefeed: of cod on the northern Grand Bank
I ate spri ng when	 cod-cape tin 'assoc teti on i s'::thOught to be...Part I cu. tarly:streng. The':
investigation'. focuses on the of effects	 cod dIets of geographic var tab] l ity and variability
due 'to. predator Size., to add i t ton, • bEicállte. the distribution of the • various prey typeS on the
northern Grand:Bank is poorly known i the recovery'.-of.Hprey from cod stomachs might provide
semi quantitative information . on the c tstribUtion, of these .' prey . : taxa.

SPECIAL SESSION ON TROPHIC RELATIONSHIPS



NAFO Division 3L (Fig.1) covers the broad ontinental shelf off eastern and southeastern
New 	 (46°- 49°15'N). This Includes the northern part of the plateau of Grand Bank,
with an extensive area less than 100 m in depth and high points of only 4 m depth on the
Virgin Rocks. -The plateau is separated from the Avalon Peninsula of Newfoundland by the
Avalon Channel which, Is part of a broad area between 100 and 200 m in depth extending to theT
east, west and particularly the northwest of the plateau. Depths greater than 200 m occur on
the shelf to the north and on a gently sloping (ontInental slope to the northeast and east.

The inshore part of the southward flowing abrador Current, characterized by relatively
cold, low salinity water, divides around the northern t iP of Grand Bank , one branch passing
through the Avalon Channel and the other along the eastern slope of the bank (Smith, et al.,
1937). This results during late spring in cold1(<0°C) water on the b ottom at intermediate
depths (about 100-150 m in 1979), with warmer bottom water in shallower and deeper regions
(Fig. 1).

MATERIALS A

SPECIMEN COLLECTION

Cod, -caPeli n,.and sand lance were captured durIng . 6 stratified°random bottPm7trawl. survey
of-the nOrthern Grand. Bank*(NAF0MaY . 16-June 4, 1979, '.bY the research
side trawler A. :T. : Cameron equIpped-with-'6 41-5 -. Yankee otter trawl and the chartered research
stern trawler (adus AtraFTlca equipped with-4in Engel:highrise otter trawl. • The codends were
equipped with:	 mesh ljners in both CaSes,' and both : ships trawled at 3.5. knots (.108m/min)
for 30 min at-each ; flshIng-- .station.'	 dt

	

The two s 1ps' e-fished withtn abo . 1	 of:e	 fachothOr. during most of t he survey,, *but each 'ship also ade.teveralsets.. unaccompanied by the Other...
•	 H •	- 	 -A sti7atified-randorrsampiaof five codHper l ', 10 cm:length79roup was .chosenfor,:stomach..,.

content lnalYsis.-fr°m'the catch of each sett 'O f the Gadus Attantica. : - . MoSt cod stomachs were
excised :at sea and preserved:in 10%-JorMeilini. lut-some,.cod were trozen whole at sea and thawed
In the laboratory before removal:: and'preSerVat on 'Of ..their stomachs. Examination. involved
separation of ood items into taxonomic ca ego l es.: ,Fish and ecapo crustaceans were
identified to species, but other groups were combined into higher order taxa (eg. Polychaeta,
Euphausiacea). Items in each taxon were placed briefly on absorbent paper to remove excess
liquid, and then weighed to the nearest 0.1 g®

The relative Importance of the various P r Y tYpes was assessed using three Indices:

Percent occurrence (number of stomachs with prey as percentage of total number of
stomachs).

Percent weight (total weight of prey in a I stomachs as percentage of total	 weight of
allprey) ( gravimetric method).

3) Stomach fullness index:

Mean total fullness index (TF1)

weight of stomach contents of fishf
10

(length of fishf),

where n is the number of stomachs examined.

fullness Index of prey p PE p))
weight of prey p in fishf

f = 1	 (length of fish )

The stomach fullness index can provide more Insightful comparisons than the other
methods. It is not strongly influenced by the frequent occurrence of small prey which
contribute little to total weight, as is the Occurrence method, and it is not strongly
weighted by the infrequent occurrence of large prey In large predators, as is the gravimetr c
method.

4x 0



In calculating stomach fullness indi
measure of predator size, because length I
carcass, liver, gonads, and stomach contei
with predator size, cod were combined int
cod was excluded from the analysis.

es, length was used in preference to weight as a
s not influenced by changes in the weight of
ts. For examination of trends in stomach fullness
10 cm length groups. Any group with fewer than 10

From the basic set information, cod
on maps of the surveyed area. Partial NI
also plotted. General patterns of prey di
figures.

atches and catches of major fish prey were plotted
mess index values for some major prey groups were
stribution and cod feeding were inferred from these

DATA ANALYSES

The average amount of each prey type
overall relationships, sometimes quite cl
of stomachs collected and examined; a numb
sizes of cod sampled differed substantialll
per set would necessarily reflect a hetero'
these means would be highly variable and o
greatly In accuracy. Statistical analyses
inappropriate.

for all the cod in a set can be used to illustrate
arty. However, sets differed greatly in the numbers

of sets had few stomachs collected. Also the
among sets. Therefore means of prey item amounts

eneous class of things. Sampling variances about
ften large; hence the means themselves would differ
of such data would be of low power, and often

For our quantitative investigations,
The cluster analyses grouped individual st
common food items. Common food items were
examined. Empty stomachs, and stomachs co
quantitative analyses. Where prey identif
stomachs (due to degree of digestion of ma
family level. The cluster analyses were u
based on various neutral models. The neut
expected values for various attributes of
For discussion of neutral models and ecolo
Pimm 1982.

For the clustering of the stomachs we
quantitative ecological programmes (Gauch
nonhierarchical clusters around randomly g
random number, different sets of random se
are produced. The iterative clusterings a
data, and permit statistical analyses of t
that occur repeatedly across iterations, a
contain largely the same stomachs. The de
COMPCLUS by first ranking all prey taxa by
taxa required to account for 90% of the co
a cluster are the defining or criterion pr

used cluster analyses of the individual stomachs.
achs by similarities In their PFI's for all the

those present in at least 2.5% of all stomachs
taming only rare food items, were not used in the
cation was done to different levels in different
eriai), lower taxa were aggregated to genera or
ed in conjunction with simulations of clusterings
al model simulations allowed us to determine
he clusters, under various specific hypotheses.
ical hypotheses, see Connor and Simberloff 1979,

used COMPCLUS, from the Cornell Ecology Package of
979). This fast clustering routine produces
nerated "seed" points. By changing the initial
ds, and hence potentially different clusterings,
low determination of robust associations within the

resultant clusters. Robust clusters are clusters
defined by the same food items each time, and

fining prey taxa for each cluster are determined in
their PFI values within each cluster. Those prey
bined Fullness Index values for all the stomachs In
y for that cluster.

RESULTS

Distribution of cod, capelin and sand lance

Cod were taken in all but one of the s
were common In deep water to the north, on
In the cold water of the northern Avalon Ch
taken along the eastern slope of the Bank.
southwest, particularly in the area where t
impinged on the bottom. Catch per-tow was
temperature or depth (P>0.05). Capelin wer
(Fig. 3). Largest catches were on the west
Channel. Capelin were also common in the n
taken in sets on the eastern slope or along
lance were small. They were centered on th
on the slope itself (Fig. 4).

uccessful sets (Fig. 2). Large catches (>150 kg)
the plateau to the south, and between these areas
annel. Some large and moderate catches were also
Poorest catches tended to be in the east and
e cold core (<0°C) of the Labrador Current

not significantly correlated with either tottom
taken in slightly more than half of the sets

rn part of the plateau and in the southern Avalon
rth-central parts of the area. Capelin were not
the northwestern Avalon Channel. Catches of sand
southeastern portion of the study area, but not
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Prey Diversity: Qualitative

Cod preyed upon a wide variety of orga
contibuted significantly to the total weigh
crustaceans (Table 1). Two planktivorous f
diet by weight, and other fish plus unideni
important crustacea were crabs (Chionocoet
Th y sanoessa raschii), shrimp	

n.,.
	 an

amp po s.

nisms (Appendix 1), but only a few species
t of stomach contents. Major prey were fish and
ish, sand lance and capelin, comprised 43% of the
ifled fish comprised an additional 11%. The most

opilio, Hyas araneus), euphausiids (predominantly
tis°73717-agul),Farmarld and hyperlid

heaviest.in the central and southern parts of the
the bank	 5). The Total Fullness Index was
art of the bank and along the Avalon Channel. Cod
fullness index (P>0.05), indicating that at the

rated in areas where feeding was best. Considering
the diets of cod in most sets from the eastern and
Their contribution to the cod-diet (reflected in

the central region, north of the Virgin Rocks.
'cted in the eastern part of the area, and •in many
. On the other hand, sand lance were a major
n portion of the bank and along the southeastern

Slope (Fig. 7). They were present in stomaFhs of cod in many sets where sand lance themselves
were not collected during the tow. Sand la ce also made a substantial contribution to cod
diets in the central portion of the bank, where feeding on capelin was also heavy. Of the
various invertebrate taxa, crabs (both Chio ocetes opilio and Hyas spp.) and euphausiids were
of special interest. Feeding on those axa was wt .-67373d, wiT5774e WI of crabs high 1.n
western and central sets, and moderate in m•st sets from the Avalon Channel (Fig. 8). The
distribution of cod feeding on euphausiids showed a similar distribution, with largest PF1
values near the northwestern edge of the pl teau of Grand Bank (Fig• 9).

It is apparent from Fig. 6-9 that cod ere feeding on several different prey taxa, and
not exclusively on capelin, or even capelin and sand lance. Those figures do not give a
complete picture of the diversity of cod di ts, as there are several other taxa which also
constitute a substantial part of the food o lf cod, in at least some of the sets. The listing
of the foods of cod in Table I shows some o the prey diversity, but the listed categories are
coarse for most invertebrates. Twenty-nine taxa of prey met our criterion of common food item
(present in at least 2.5% of all stomachs e mined), and many of those taxa were families or
orders, rather than species (Appendix). Fur thermore, Fig. 6-9 show some evidence of spatial
separation of feeding, for example feeding n sand lance along the slope and feeding on crabs
In sets from the northwestern edge of the b•nk. However, especially in the central and
southern parts of the study area, where cod catches were largest, heavy feeding was observed
on several different prey taxa. Clearly, mire quantitative analyses are necessary to resolve
patterns and preferences in cod feeding.

Prey Diversity: Quantitative

The clustering runs reinforce the impr ssion of extensive
cod. Over 10% of all the stomachs were clu tered with no more
Nonetheless, large clusters did occur, and hese clusters were
iterations.

heterogeneity In the diets of
than 2 other similar stomachs.
robust across clustering

For the stomachs examined, feeding was
study area, and along the eastern slope of
usually low for cod taken In the northern p
catch-per-tow was not correlated with total
time of the survey the cod were not concent
the major prey taxa, capelin were found in
central parts of the survey area (Fig. 6).
the Partial Fullness Index) was highest in
Capelin were not found In cod stomachs colt
sets taken in the northern edge of the bank
contributor to the diet of cod in the easte

How orderly is the pattern of cod diet
expected frequency of clusters of various s
stomachs had been divided into 402 clusters
feeding on randomly occurring prey of varia
contained between 2 and 8 stomachs, with cl
exceedingly rare. On the other hand, if th
proportional occurrence of the various food
selective feeding on at least all the commo
common. The mean across the 20 clustering
run is much larger than expected under eith
large clusters is intermediate between the
significant preferential feeding on some pr cr,
expected from a random partition), but most
the stomachs contain diets that are either
clusters exist than the occurrence of comma

in these cluster analyses? Fig. 10 shows the
zes under 2 extreme hypotheses. If the 1771
on purely random grounds (reflecting unselective
le abundance) most of the clusters would have
sters containing more than 32 stomachs being
sizes of the 402 clusters reflected the

items in all the stomachs (reflecting highly
food items), large clusters would have been

terations of 189 unique stomachs per clustering
r extreme hypothesis, whereas the frequency of
xtremes. We conclude that there is evidence of
y or groups of prey (more large clusters than
individual cod have heterogeneous diets (many of
p ique or occur In small clusters, and fewer large
food items allow.)
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The conclusion that individual co
criteria for clustering of many of the
types, rather than a single kind of pr
clusters use the presence of between 3
Nonetheless, clusters defined by a sin
different single criterion clusters oc
types of prey on which numbers of cod
that diets of cod are more ordered than
randomly chosen stomachs contain signif
(Fig.. 12). NonetheleSs, both the comma
prey types and the variety of types of
heterogeneous diet.

often have diverse diets Is emphasised because the
large clusters reflects the presence of several prey
y. Over half of all the 1arge (more than 16. stomachs)
and 5 types of prey as defining criteria .((=ig.11).
le prey type in the stomechs are common, with usua i I y R
urring In each iteration.lose reflect 'R different
ere feeding exclusively when captured. We can infer
chance associations of prey, because groups of
icantly more types of prey than do our actual clusters
nness of clusters defined by the presence of several
single prey clusters indicate that cod consume a highly

The 8 unique food item clusters co
both major prey fish (capelin and sand
queen crab, gammarids, hyperlids, euphal
clusters defined by the presence of mor
prey types predominate consistently. T
of 75.4 diagnostic prey per iteration.
occurrences of the same 8 prey types wh
single prey type clusters. Hyas crabs
hence did not designate a larTeMingle-
common criterion prey types account for
clusters. The occurrence of other unc•
from the occurrence of uncommon food it
stomachs (Table 2).

tain a diverse array of defining prey types, including
lance) and several types of invertebrates, including
siids, polychaetes and Pandalus shrimp. In the
than one type of prey, -73rii5713tions of these same

ere were on average 26.15 large clusters with a total
85% of these diagnostic prey designations were
ch occurred as single diagnostic prey types in the
ere rarely the only food found in cod stomachs, and
rey type cluster. However, adding Hyas to the 8 other
about 90% of all diagnostic prey tOig—of large
mon prey types in the large clusters does not differ
s In equivalently sized groups of randomly selected

We conclude that there are clearly
there are 8 or 9 such groups, rather th
a variety of combinations, as well as h
variables that might help clarify the p
these data. Cod show size selective fe
The geographic variation could reflect
prey, geographic variation in the size
selective feeding) or actual geographic
prey availability we can attempt only pr
variation in diet, but some noteworthy

Size Selectivity: Qualitative

major prey taxa identifiable for these cod. However,
n Just a few, and these major prey types are fed on In
some cases exclusively. There are two initial

tterns of diversity and variation in cod diets within
ding, and may show geographic variation In feed,ing.
ariation in availability of preferred and alternate
f cod (and hence be a secondary reflection of size
variation in feeding preferences. Without data on
eliminary investigations of these patterns of
atterns are found.

The intensity of predation on major
fullness indices, varied with the length
most intensively by small cod; sand land
large cod (60-79 cm); and flatfish by th
category was preyed upon by the complete
in diet with increasing cod length. Tot
69 cm).

prey categories, as determined from mean partial
of the cod (Fig. 13)© Euphausiids were preyed upon
and capelin by medium-sized cod (40-69 cm); crabs by

e largest cod ( > 80 cm). However, each major prey
size range of cod, and there were no abrupt changes

al fullness index was highest in medium-sized cod (40-

Size Selectivity: Quantitative

The size selectivity of cod feeding
Knowing the overall proportion of cod of
the proportion of cod whose stomachs occ
of the entire population collected. A p
piscivorous, whereas small cod feed more

For clusters defined by feeding at
significant differences between observed
(0.05<P<0.06). For cod feeding at least
significant difference is present(0.01<P
attributable to a paucity of very small
(Fig. 14). On the other hand, clusters
combination with other prey) are a high{
distribution (P<0.001). Large cod occur

can also -be investigated with the clustering runs.
each size (10 cm groupings), we can assess whether
r in clusters of interest are a representative sample
lori, we predict that large cod are predominately
heavily on invertebrate prey.

east partially on capelin, there are marginally
and expected numbers of cod of each size class
partially on sand lance, the same marginally
0.05). In both cases, the differences are
od, but not to a noticabie surplus of large ones
ased on presence of queen crabs (alone or in
nonrandom sample from the overall length

in these clusters much more frequently than expected.



Cod feeding exclusively on invertebrates
more often than expected by'chance (P<O.
exclusively on these invertebrates. Eup
defined by their presence (alone or in c
of cod is a representative sample of the

other than crabs tend to be small cod significantly
01), although large cod were found feeding
kaUsilds are of particular interest, and for clusters
• bination with other prey), the length distribution
overall length distribution of sampled cod (P>0.50).

The relatively small sizes of indiv
combined for the Chl-square analyses. H
preferences could have been obscured In
produce expected numbers of cod of each
We randomly partitioned the original dat
cod stomachS In the actual clusters. Ov
the probability of observing any specify
specific sizes. Thereby, we were ably t
particular prey types were present In th

For both cod feeding exclusively on
larger fish occur significantly more fre
various "pure" invertebrate clusters, sm
expected in the gammarid and polychaete
In the hyperild cluster. Large cod are
Hence, although there is clear evidence
pattern is not rigid. Small cod eat fis
Invertebrate prey, whereas large cod als
invertebrates.

Regional Variation: Quantitative

The clusters determined by the anal
be associated directly with the specific
patterns In cod predation then can be in
assigned to clusters defined by the pres
relationships which, in an overall inves-
cod in a single set or because the track
concentration of cod, can be investigate

Capelln feeders are concentrated on
More specifically, cod feeding solely on
portion of the area, with other cases sc
feeding on capelin in the southern and c
mixed diet of capelin and various invert
(Fig. 15).

dual clusters required that several clusters be
nce, specific relationships of size to foraging
he mixed diet clusters. We used simulations to
ength class in each of the single prey type clusters.

into groups -With memberships equal to the numbers of
r 500 such random partitions we were able to specify
number of cod of any length group in clusters of
determine if size specific preferences for
single prey type clusters.

capelin and cod feeding exclusively on sand lance,
uently than expected (Table 3). For the cod from the
11 cod occur significantly more frequently than
lusters, and marginally more. frequently than expected
of significantly infrequent In any of the clusters.
f some degree of size dependent feeding in cod, the
frequently, especially in combination with
feed extensively, and sometimes exclusively, on

ses of the stomach contents data can
defining prey types, as described above. Geographic
estigated by determining which sets contained cod
nce of prey taxa of interest. Hence, geographic
igation may be obscured because of diverse sizes of
of a set might have covered more than one feeding
with greater specificity using the cluster results.

the western and central portions of the survey area.
capelin are found primarily in the northwestern
ttered south and west along the 100 m contour. Cod
ntral parts of the region generally are feeding on a
brates, or also on both capelin and sand lance.

Cod feeding on sand lance tend to o
exclusively on sand lance are generally
consuming a mixed diet of sand lance and
and are intermixed with cod feeding exclt

cur east of those feeding on capelin. Cod feeding
n the southeastern portion of the study area. Cod
invertebrates are distributed across a wider area,
sively on capelin (Fig. 16).

Cod feeding exclusively on queen cr
They also occur along the southern edge
consuming a mixed diet of crab, sand Ian(
feeding exclusively on smaller invertebr
exclusively on gammarids are common aion,
are common along the coast of the Avalon
are most common along the outer slope of

b are common In the northwestern edge of the bank.
f the study area, where they occur along with cod
e, and various other invertebrates (Fig. 17). Cod
tes are widespread across the region. Those feeding
the northern portion of the Bank; euphauslid feeders

Peninsula and the nose of the bank; hyperiid feeders
the bank (Fig. 18).

The distributions of clusters by set
into selection among different potential
cod classified into different clusters (1
be calculated directly as the product of
In each of the clusters being considered.
expected numbers; and interactions among
calculations, we Included all sets provid
analyses.

also can be used to provide more detailed insights
prey. The probability of individual sets containing
hat is, sets with cod feeding on different foods) can
the Independent probabilities of sets being present

Observed Joint occurrences can then be compared to
possible diets can be assessed directly. For these
ing at least 5 stomachs used in the cluster
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Fewer sets contain cod feeding on
regardless of whether one considers co
lance, or mixed diets of either type o
observed and expected values are small,
also usually few Joint occurrences of
feeding exclusively on any of 	 e inver
the preponderence of deviations in the
few occurrences) is significant with a
slightly, but significantly more Joint
feeding on the various pure 1nvertebrat

both capelin and sand lance than Is expected by chance,
feeding 'exclusively on capelin, exclusively on sand
prey (Table 4). . However, the differences between
and not statisticaly significant (P=0.073). There are

od feeding exclusively on sand lance. and other cod
tebrates. Although the differences are again small
same direction from expected values (consistently too
binomial test (P=0.038). On the other hand, there are

occurrences of exciusive capelin feeders and cod
diets, than expected by chance.

It seems that whereas cod feeding n sand lance do so preferrentially to feeding on
invertebrates, cod feeding on capelin commonly occur with other cod feeding exclusively on
invertebrates. Some information on rel tive availability of the major fish and invertebrate
prey is required before a more complete interpretation of these findings is possible.

However, it is clear that cod show
examined. Individual fish commonly con
other often consumed quite different pr
not uniform across the study area, but
extreme partitioning of diets among cod
occurred together as often, or nearly a

no strong preference for any of the prey types
timed mixed diets, and fish in close proximity to each
y. The distributions of the various prey are clearly
he dissimilar distributions of prey did not lead to
from different areas. Rather cod with differing diets
often, as expected by chance.

DISCUSSION

Cod on the northern Grand Bank fed
lance, capelin, queen crab, a toad crab
raschii)) comprised at least 66% of the
fullness index. The tendency of cod to
crustaceans and fish, particularly in t1
documented (see, for example, the revie

on a wide variety of organisms, but five species (sand
(Hyas araneus), and a euphauslid (Thysanoessa
ST46757677377iiits by weight and 60-57-75-T3Fal
feed on many taxa but concentrate on relatively few
e colder regions of its distribution, is well

by Klemetsen (1982)).

Capelin were important to cod only
They represented only 15% of the total
estimated in previous studies (Campbell
value of 15% is probably a low estimate
the 2J+3KL cod stock. The present stud)
a major centre of sand lance abundance (
are about the same size as capelin, and
as feed on capelin (Lilly and Fleming, 1
are very minor prey whereas capelin are
1968; Minet and Perodou, 1978). Hence,
be less important and capelin more impor

 

In the central and southwestern regions of Div. 3L.
od diet by weight, compared with approximately 30%
and Winters, 1973; Minot and Perodou, 1978). The
for the annual contribution of capelin to the diet of
was restricted to Div.-3L, the southeast of which is

Winters, 1983). These schooling planktivorous fish
are fed upon intensively by cod of the same size range
981; this study). North of the Grand .Banks sand lance
reported to be the major prey (Popova, 1962; Turuk,
for the 2J+3K1_ cod stock as a whole, sand lance would.
tant than reported here for Div. 3L alone.

the relative importance of capelin is the timing of
maturing capelin will have left the northern Grand

nds on the southern Grand Bank (Kovalyov and Kudrin,
ser to the coast in preparation for shore spawning in
.). Cod feed Intensively and almost exclusively on
empleman, 1965; Lilly and Fleming, 1981), and also In

In winter (Lilly and Fleming, 19p1). A more accurate
the diet of cod requires seasonal information on

  

A second factor which might affect
the survey. By late May early June many
Bank in their migration to spawning grou
1973), while others might have moved ci
late June-July (B. Nakashima, pers. comm
capelin in inshore waters in June-July
deep (>200 m) water north of Grand Bank
estimate of the contribution of capelin
cod distribution and feeding.

A third factor which might affect t
Capelin stocks were depressed in 1979 fo
1981; Carscadden et al., MS 1981). Per
abundant. We need to know the functiona
availability, and whether cod aggregate
capelin schools.

importance of capelin is capelin abundance.
!lowing a series of weak year-classes. (Bakanev, MS
aps more capelin are consumed when they are more

I relationship between feeding rate and prey •
areas of capelin abundance and actively pursue

The other major prey of cod in Div.
Important than in most other areas, alth
of the southern Gulf of St. Lawrence (Wa
may be overestimated, for their chitinou
from cod stomachs compared with unarmour

3L are crustaceans. Crabs appear to be more
ugh they are locally important prey of cod In parts
wood and Elner, MS 1982). The Importance of crabs
exoskeletons might retard digestion and evacuation

d endo-skeletal animals such as fish.



Euphausiids were preyed upon most intensively near the northwestern edge of the plateau
of Grand Bank. Intensive feeding by even large cod on such small prey indicates that the
euphauslids must be very abundant and a cessible, possible forming swarms undertaking diet
vertical migrations which bring them close to the bottom.

Cod on the northwestern edge of the
both the grazing and detrital food chain
abundant. Further study is required to
and whether a high proportion of the pr •

Grand Bank plateau feed well at several levels in
s. Euphausiids, planktivorous fish and crabs are all
determine if this isan area of enhanced productivity,
duction reaches the benthos.

Gradual changes in prey taxa with I
previous studies (eg. Powles, 1958; Rae,
Fleming, 1981). These changes clearly r
a consequence of energetic advantages as
Wankowski and Thorpe, 1979) and a morpho
1979). However, prey size is not the on
euphausiids were moderately important fo
occasionally found In stomachs of cod >8
availability of prey is important in pre
at present because independent quantitat
the time of sampling are lacking. One o
of cod on the Grand Banks is assessing t
of the prey.

creasing cod length were noted in this and many
1967; Daan, 1973; Minet and Perodou, 1978; Lilly and
flect preference for large prey (Daan, 1973), and are

Isociated with the selection of large prey (Kerr, 1971;
logical limitation on maximum prey size (Wankowski,
ly factor influencing prey selection, for even

large cod. Several thousand euphauslids were
0 cm in length. It is highly likely that abundance or

selection (Allan, 1981), but this cannot be examined
live information on prey abundance and availability at

the biggest challenges in studying feeding behaviour
e abundance and horizontal and vertical distribution

     

When benthic and pelagic prey can b	 simultaneously examined at a single site, it will be
possible to examine more thoroughly vari tion in individual feeding behaviour. Cod caught in
a single tow often differ considerably 1	 their prey composition. Much of this variation may
be related to spatial variability over t e distance traversed by the trawl (about 3 km).
Nevertheless, there may be specializatio 	 on specific prey types or specific regions of the
habitat, as described for trout (Bryan a d Larkin, 1972) and bluegill (Werner, et al., 1981).
Pearcy et al. (1979) deduced from stomacl	 contents and collections of prey in midwater and
bottom trawls that cod in Balsfjord, Norlay, exhibited two different feeding behaviours:
pelagic feeding and benthic feeding.

Analytically, stomach contents data have been problematic. The use of fullness indices
seems to overcome one major problem; pro iding a measure of the diet components which is not
dominated by either extremely numerous s all prey or a few very large ones. The use of
cluster analysis avoids many potential a alysis problems posed by the unequal abundances of
different prey types, and the non-normal distributions of prey types which are common. A
single cluster analysis alone cannot pro ide statistical answers to many ecological questions.
Used iteratively, however, and used in c njunction with neutral model alternative clusterings,
statistically valid inferences can be dr, 	 n directly. These inferences are legitimate,
regardless of the distribution of prey indices among stomachs and sets, and the sparseness of
prey type by stomach matrices.

The analytic methods used in this study led to a number of statistically supported and
specific conclusions about cod feeding. Cod feed on a variety of prey, and individual cod
often have quite varied diets. There is some size selectivity in cod feeding, and also some
geographic variation, but neither relatiohshlp is strong. Within a single set, different cod
may be feeding on quite different prey. 	 ach of these generalizations might have been
possible without using the quantitative =thods presented here. However, the use of these
methods provides the additional empirical 	 support desired in scientific studies, without
requiring that unwarranted assumptions abut distributions and central tendencies of the data
be made. Further study with these and ot er data will be necessary to determine whether the
quantitative methods can provide truly no el insights into feeding and predator prey-
relationships.
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Table 1. The food of cod on t e Northern Grand Bank, Mayo June, 1979.

	

Percenta	Percent
	

Mean

	

Frequency	 by weight
	

PFI

Mollusca

Misc. Invertebrates and Unidentified

Crustacea
Amphipoda
Euphausiacea
Natantia
Reptantia
Other and Unidentified

Pisces
Mallotus villosus
Ammodytes dubius
Miscellaneous
Unidentified

TOTAL

No. of Stomachs: 1898
Percent empty:	 2.4

19.1
19.8

1.4

2.4

3.0
9.1
2.4

27.0
0.3

15.0
28.0
9.1
2.3

100.0

0.03

0.07

0.11
0.27
0.08
0.52
0.01

0.43
0.74
0.11
0.06

2.43

aProvided only for those
taxonomic level.

taxa not initially identified at a lower
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Table 2. For random samples of size N from the total of 1771 stomachs (all
stomachs containing at least 1 food item that appeared in at least 2.5% of all
stomachs), the number of times out of 20 random partitions that specific types
of prey were criterion food items. Also the number of other prey types that
were criterion food items occasionally in these random partitions.

Prey Type
	

# of occurences out of 20 iterations
for clusters of size:

N = 70	 45	 20

Ammodytes (Sand lance)

Mallotus (capelin)

Euphausiids

Chionocoetes sp.

Hyas sp.

Gammarids

Pandalus sp.

Hyperiids

20	 20	 20

20	 20	 18

20	 20	 17

19	 20	 14

20	 20	 14

15	 12	 9

12	 9	 3

10	 8	 9

Number of other types of prey occurring in:

1 iteration out of 20

2 iterations out of 20

3 iterations out of 20

4+ iterations out of 20

6

1

2

7

2

4

1*

9

1

0

0

 

*Ascidacea was a criterion fo d type in 7 of the iterations.
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Table 3. To test size selectivity of cod diets reflected in specific clusters,
the 1 771 stomachs were partitioned into groups matching exactly in numbers the
clusters present in a representative COMPCLUS run. The table presents the
observed (OBS) number of cod of each 10 cm length category that were present in
each cluster, and the cumulathT proportion (C.P.) of the 500 iterative random
partitions with the observed nu' 	 or fewer members of each length category.
Length classes abundant in the observed cluster will have high C.P.'s, whereas,
length classes rare in the observed clusters will have low C.P.'s.

Criterion
Prey (N)

Length
20-39	 40

Class (cm)
L49	 50-59 60-69	 70-79	 80+

Gammarids (78)
Obs	 16	 20	 18	 15	 8	 1
C.P.	 .988*	 .3 6	 .186	 .602	 .842	 .072

Ammodytes (50)
Obs
C.P.

3	 20	 10	 5	 7
.224	 .006*	 .944	 .602	 .708	 .998*

Chionocoetes (42)
Obs	 1	 0	 1	 19	 15	 6
C.P.	 .004*	 .0 0*	 .000*	 1.00*	 1.00*	 1.00*

Mallotus (40)
Obs
C.P.

3	 11	 9	 6	 4	 7
.408	 .8 0	 .158	 .210	 .660 •	 .994*

Hyperiids (38)
Obs	 6	 14	 8	 9	 1	 0
C.P.	 .894	 .9.6*	 .332	 .556	 .078	 .056

Euphausiids
Obs
C.P.

27)
5
.940

  

5	 9	 5	 3	 0
.4 8	 .854	 .510	 .564	 .090

Polychaetes (20
Obs	 4	 4	 1	 2	 1
C.P.	 .958*	 .9 2*	 .396	 .066	 .732	 .608

Ammodytes + Mallotus + Euphausii
Obs	 1	 15
C.P.	 .040*	 .9

ds + Gammarids 44)
14	 8	 3	 3

0*	 .604	 .452	 .408	 .730

.	 Cont' d.
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Table 3. (Cont'd.)

Criterion	 Length	 Cl
Prey (N)	 20-39	 40=.

ass (cm)
9	 50-59	 60-69	 70-79	 80+

Mallotus + Euphausiids + Hyperiid
Obs	 4	 16
C.P.	 .600	 .998

Ammodytes	 HYperiids + Isopoda
Obs	 3	 5
C.P.	 .564	 .333

Chionocoetes + Euphausiids + Gamei
Obs	 0	 1
C.P.	 .044*	 .014

Ryas + Polychaetes (16)
Obs	 0
C.P.	 .080

2
.118

s + Pandalus (39)
9	 1

*	 .192	 .576	 .078

29)
17	 3	 1.
1.00*	 .078	 .120

arids (27)
13	 5	 4

*	 .998*	 .494	 .776

3
.894

1	 10
.010*	 1.00*

.220

0
.114

4
.946

4
.984*

*Cumulative proportions less
illustrate particularly unlikely

than 0.05 and greater than 0.95 are marked to
umbers of cod at length in the clusters.



Pure Gammarids
Pure Hyperiids
Pure Euphausiids
Pure Polychaetes
Gammariids + Polychaetes +

Hyperiids + Isopoda
Gammarids + Polychaetes + Eupha
Gammarids + Euphausiids + Pandal
Gammarids + Euphausiids

9	 5.67	 4	 7.93
2	 2.50	 3	 3.50
5	 2.83	 4	 3.97
4	 2.50	 0	 3.50

7	 3.83	 2	 5.37
siids	 6	 2.33	 5	 4.67
us	 3	 2.67	 0	 3.73

4	 2.83	 3	 3.97

15

$Table 4. The number of sets c
classified into specific clust
occurrences in the same sets o
hypothesis the distributions •o
membership.

ntaining at least 1 cod whose stomach was
rs of interest. Also, the expected joint
stomachs from different clusters, under the
stomachs by set was independent of cluster

Type of Cluster (defining food Number of sets

Total with more than 3 stom chs used
	

120
Pure sand lance	 28
Pure capelin	 26
Pure queen crab
	

23
Pure gammarids
	

34
Pure hyperiid
	

15
Pure euphausiids	 17
Pure polychaetes	 15

Sand lance (pure or mixed diet)
	

60
Capelin (pure or mixed diet)

	
50

Queen crab (pure or mixed diet)
	

32
Any pure invertebrate group	 64
Any pure or mixed invertebrate group, 	 82
but no fish

Joint occurrences on the same s et

Diet	 Obs	 Expected

Pure capelin with pure sand lan
Pure capelin with any sand lanc
Any capelin with pure sand lanc
Any capelin with any sand lance

Various Invertebrate diets

e

	

4	 6.07

	

10	 13.00

	

9	 11.67

	

27	 25.00

Pure capelin	 Pure sand lance

Obs.	 Exp.	 Obs.	 Exp.
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Fig. 10. Observed number of clusters of various sizes (wide line), from
repeated COMPCLUS runs on the 1771 cod stomachs containing at least 1 common
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32, 33-64, etc. (see Pielou 1979' for discussion of octave classes in species-
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group under a completely random typothesis (narrow line), and a completely
selective hypothesis (dashed line).



400".

0
(\ki

0

0

15
12

9
6
3

C F

LL0 9

26

15

12

vesmessearnal

CF

3

15

12

9

6
3

6

39

6

2 3 4 5 6 7 8 9 10

NUMBER OF CLUSTERS

Fig. 11. For the 20 repeated clusterings of the cod stomachs by food contents,
the number of times that clusters wi 40 various numbers of criterion foods
(C.F.) occurred. For example, the first graph, for C.F. = 1 (one criterion
food) shows that 15 of the 20 runs hOd 8 clusters with a single defining food,
2 runs had 7, 2 runs had 9 such clusters, and one run had 10 clusters defined
by a single food.



N 45

27

w

2 3	 5 6 7 8 9 10

NUMBER OF	 CRITERION FOOD ITE x S

Fig. 12. For 20 random samplings for the cod stomach data, the number of ,times
that samples of sizes N had various numbers of criterion prey types. For
.example, .in 20 samples of 70 stomachs, 6 prey: taxa were required to account for
90% of the summed PFI in . 3 sample$, 7 prey items were required to meet the
criterion in 9 samples, 8 prey .(ta4 were required in 3 samples, and 9 prey taxa
were required to meet the criteriq in 5 samples.



""
A" f $00

oir• •
•••

•
. ••
•••

I
•

••••
••

S
S

 
•

••

0%
14s

0.5

(v.

28

2.5

3.0

2.0

Total 'Min se index
PH capalin

o.'o PFI sand 1 Ins
•••••••••••••••

0.5

1e5

Lu

1.0

45	 • Chionoscitss
o--o Hyas

0--

-4) Euphausi cea
o--0 Flatfish

0.5

30®	 40-	 5-
39	 49	 59'

Fig. 13. • Changes	 in total	 fullness index and partial fullness indices for
major prey with increasing cod length.

60-
69

70-
79

80-
89

9
99

LENGTH



SAND LAUNCE

X. 2%. 16 72

PEL1N

12 21

4

29

VERTE RITES

80
60

40

20
mat. 404	 kir

ANY
EUPHAUSOID

5 76

I00

80

60

40
20

I0.0
80

60•

40

20

60

40

20

z
60

40

(..)	 20

20	 30	 40	 50	 60	 70 80/90 100+

LENGTH (C

Fig. 14. From the actual distribution of lengths of cod in the total sample,
the expected number of cod of eah 10 cm length class present in various
combined sets of clusters, under the hypothesis of no size selectivity in cod
feeding (striped bar). Al so , , the observed number of cod in each length class
in the combined sets of clusters '(solid bar), with Chi-square goodness-of-fit
statistic.	 For all comp arisons.ildf = 7 X 2 1- nr -7=14.07.

I.
z
Li

0
cr
Li
co



30

414



31

tSS
er

C)z

OZO

■

0

0
0 ‘‘77,

WZ
Z ZH

0

0 <

r

tr,

-•	 —

I	 v

,c ' 4" 	 •

0 •
0

a c
kg) f 0

tel

C

eC3 C
LL.,

1,-er
•10



32

0

ti) Gr.—	 )

cu• 
0

VI

41:5 or— 04--
r
U

x 0
0,,)

co	 4—
EL
0	 gn

4

- 

.) G)

0	 IA—
LA-	 0

rri,
L C
L...) 0

43`
(1)
C)	 V)

0



0 oU)

I

LU

(r)
LU
F-
LU

I
<:(

>—

0

z
0

z
0

0 0

0

5

33

0

c•

x

0
o

go

0
a,

_

-.‘

0

?-
sr)

r)

- ,
= )	

_. _

,	
4

/ • '1"‘ , •
	 • •

kr)

e
v Es2 eci
CU cyg
4-1 ......,
111	

8
=>, L.U-0.). 4...
0 s_

4-- 
CL ul

0 w 
4.--)
(1)

-11--)V) fici til
S.- s...
G) .0 u---

_00cu4
w	

V)S- c
,c1,, 0
> -,---

4-)cM
ro c°,— .....-

'VVISI- 0CU 0 ca.
4-- Gr., 0'I-

0 -c

u-.)	
0	 s_
aZ3	

= 4-)

U 4-- cM

cM 4- 4i0.)
-C 0 -,7)
U m
co c.c cc
E	 U LI

rcs
4.-) Cl)

(r 
	
0

)
cM

0

0

CO er-

cn x

0
co



•

'3/1

Appendix 1: Taxa identified in stomaOs of cod on the northern Grand Bank,,

. May - June 1979-.

Occurrence
	

Gravimetric
	

Mean
Act.	 PC
	

Act.	 PC
	

PFI

cLUPFTPnomFg
,IALLOT J	 VTLLOSOS
C HA ULTMUf SLOANT
CTO Y 1AS R1A P-FROX
InTACANTHt 1 S FASCTnLA
,IYCTOPHTDAP"
PAR ALF P TC cP.p ARALFPTc cAPPVIS
SFRPTVn . AFP AFANI
GAmjs mr)PH;iA
-ii)RFOSA , S SAIDA
GATDP1PqARIts FNSic
NFIANTA PATRnT
aNiklonyTTnAr
A\JAPHICLOTnAF
STICHAFTnAF
ANARTA clIRRIFURCAra
znAPCInAF
LYCn r) P c SP.
LYCO r )FS VAHLTI
SFRAST Pq	SP,
SFHASTF	 k4FAJTFLLA
Cf)ITIflAr
A 4 TEDIFILMC iNCI\)ATUc
TPF;LO P rz	 CP.
TPT(LnP q 	m!IPPAYI
T P IGL)P	 '\IYAFLI\17
CnTTO\W I ILI_Ic miCP')DS
ICFLUS cP.
ICFLUC nICflP\ITS
AGONC f-F-CAGO\JUS
A q P1nnP,4nPnInFS ,AnW)DTF'Qr.4-/0
CYCLnoTc-PTnAF
PLEUPDvc-CTIF1RmES
1IPPn5LnssnTr)ES PLAT:-ssIO“

LI m AN rWl FFPPX;INFA
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