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Abstract

The diet of Greenland cod (Gadus ogac) was found to be very similar to that of the coexisting
Atlantic cod (Gadus morhua) based on stomach analyses of length groups larger than 30 cm sampled
by longline in West Greenland waters. Estimation of relative frequency and relative weight of each
food group in relation to predator length as well as mean partial stomach fullness index (PFI) and
mean total fullness index (TFI) were performed. Mean TFI was found to be higher in the inshore areas
compared to that of the coastal areas for both species. However, greatest variation in TFI was also
observed in the inshore areas for both species. Gadus ogac feed on a broad variety of prey species,
although fish (especially capelin, Mallotus villosus) and larger invertebrate prey groups (especially
larger Malacostraca) were found to be the main diet in the autumn period. The importance of fish in
the diet increased with length, in particular fish species other than capelin. Among the invertebrates
the shrimps and crabs (large Malacostraca) were the most important food groups. Shrimps were most
important prey for small predators (<50 cm) of both species. However, while fish became dominant
prey for larger G ogac, large Crustacea (crabs, Brachyura) were primary food for larger G morhua. In
general, small (planktonic) Crustacea were not important in the diet of any of the settled size groups
investigated of both species. The stomach content analyses of the two species were made in combination
with comparative studies of their occurrence at West Greenland to investigate the degree of
coexistence and overlap in distribution, in order to get an impression of potential interspecific
competition for food and space or of interspecific predation. Comparative ANOVA analyses of G
ogac and G. morhua density patterns based on catch rate data from the same longline research fishery
(1987-89), showed statistically significant coexistence and overlap in their distribution. Both species
occurred with highest densities in the central part of West Greenland, and with highest overlap in
occurrence in coastal and shallow waters. The broad overlap in distribution and diet in the autumn in
West Greenland waters indicate the potential for interspecific competition for food and space.

Keywords: Atlantic cod, borders of distribution, coexistence, distribution, density patterns, feeding
ecology, Gadus morhua, Gadus ogac, Greenland cod, interspecific competition, West
Greenland.

cod (Gadus morhua) landings were decreasing in the
area (Nielsen, MS 1992a, MS 1992b; ICES, 2000; Buch

Since the early-1970s Greenland cod (Gadus ogac) et al., 1994). The West Greenland (bank) G. morhua
has been commercially exploited at West Greenland stock has not produced any good year-classes since the
with maximum landings during periods when Atlantic ~ late-1960s. All important year-classes since then have
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TABLE 2. Numbers of analyzed stomachs for each species by fish length group with the relative number of

empty stomachs designated.

Length group (cm)  Gadus ogac Percent empty Gadus morhua Percent empty
30-34 12 33.3% 0

35-39 68 30.9% 6

40-44 123 29.3% 7 4.5%"
45-49 93 37.6% 12

50-54 32 12.5% 29

>55 6 0.0% 35

Total 334 29.9% 89 4.5%

* Percent empty is not divided by length for Gadus morhua.

b) Relative weight = total weight of prey item, j, as
percentage of the weight of total stomach contents
summed for all predators.

¢) Mean partial fullness index (PFI):
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where 7 is the number of predators (= fish), the weight
is in 0.1 g, and the length in cm.

d) Mean total fullness index (TFI):
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where 7 is the number of predators (= fish), the weight
is in 0.1 g, and the length in cm.

If all stomach contents were identified, then TF/
will be equal to the sum of all PFI estimates. In the
present study the total weight of the stomach content
was estimated as the weight difference between the full
and the empty stomach. However, since a certain part
of the stomach content consisted of water, mucous and
other material different from zoological prey items, 7F/
was estimated as net weight (= weight exclusive of
water, mucous, etc.), which then was less than the sum
of the PFI estimates. This method where the PFI/ were
analyzed, rather than only the relative weights, has the
advantage of taking into account possible heavy
influence of frequent small organisms with small
individual weights. Furthermore, the method
compensates for high influence of infrequent prey
organisms with heavy body weights. The method relates
the weight of the stomach content to predator length,

rather than to predator weight, to avoid the influence
of stomach fullness as well as the condition (length-
weight relationship) of the fish in the estimates of PFT
and TFI.

To compare feeding activity between different areas
and between predator length groups of the two cod
species, TFI was calculated for stomach content data
from individuals caught within each area (inshore
(fjord) and coastal areas separately) and within 5 cm
length groups. In the analysis of the prey by predator
size, the PFI was calculated for different main prey
groups sorted based on both the general importance of
the prey and the prey size. Most stomachs from G. ogac
and G morhua were sampled from the coastal area.
Comparative analyses of the food composition for each
species caught in the coastal and inshore (fjord) area,
respectively, examining for differences in relative
weights and frequencies of different prey species, did
not show any important differences between the two
areas (habitats) for either species (not shown). Conse-
quently, the stomach content data were pooled for
individuals caught at both areas for each species in the
food composition analyses. Hansen (1949) did not find
differences in G. morhua food composition at West
Greenland between fjord and coastal areas, and he also
pooled stomach content data from the two areas
(habitats).

Mean PFI for different prey groups between the
two species were statistically tested by regression
analyses and Students T-test (parametric tests) in order
to get an indication of possible differences in food
composition between the two species.

Sample sizes for stomach contents were rather
small, especially for G morhua. Stomach contents of
this species have been described from a very large



number of samples from many areas across the North
Atlantic. The major prey types and how they change
with predator length, is generally well known.
Consequently, the present results for G morhua were
compared with results from literature in order to verify
them.

Analyses of catch rate data: Occurrence and density
of the two cod species in relation to the feeding
studies

Sampling of cod density data. Data on catch rates
by species were recorded for the longline research
fishery in the period October—November 1987-89
covering the area from south of Disko Bay to the more
southerly parts south of Quaqortoq Inlet (Julianehab
Fjord) at West Greenland, i.e. in Div. 1B, 1C, 1D and
1E, which covered the coastal, inshore (fjord), and
offshore areas (Fig. 1, Appendix Table 1). The fishing
stations were selected based on a stratified-random
design based on Division, area (inshore = fjord, coas-
tal = coast and offshore = bank areas), and three depth
zones (<100 m, 101-200 m, 201-300 m) (Appendix
Table 1). The standardized longline fishing was
performed with lines having 400 hooks each (Mustad
2330 BD, no. 6) with gap size of 18 mm, which were
mounted on 50 cm snoods at 2-m intervals and baited
with 11-17 cm (mean size 15 cm) recently thawed
whole capelin (Mallotus villosus). The lines were shot
at dawn and hauled after an average fishing time of
4.5 hr (3.7-7.8 hr) per set. Catch-per-unit-of-effort
(CPUE, catch rate) was recorded as number of fish
caught per 100 hooks per 4.5 hr set. Detailed
description of the stratification of the research fishery,
the gear used, and the design of fishing operations,
as well as of the size selectivity of the longline gear
used can be found in Hovgard and Riget (MS 1990,
1992) with emphasis on G morhua, and in Nielsen
(MS 1992a,b) with emphasis on G ogac.

Statistical analysis of cod density data. Cod
density was analyzed statistically and described by
GLM (General Linear Model) ANOVA tests in relation
to species, year, Division, area (habitat) and depth
stratum in order to test the hypotheses h:2—h:3 and
h:4. General linear models procedure from the SAS
statistical computer package 6.12 (SAS, 1990, 1991b)
was used to perform parametric ANOVA tests on mean
cod density (dependent variable) by changing the
multiplicative model

CPUEsp y nsp.i.ps = SPsp X Yy X NSDygp X Hyy

XDS pg X €gp.y NSD,H,DS
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to the linear (additive) model (by logarithmic
transformation of CPUE-data)

log(CPUEsp y nsp,i,ps) = SFsp + Yy + NSDygp + Hyy

+DSps +10g(esp.y Nsp.11.ps)

where SP is the species (G ogac, G. morhua),
Y is the year (1987, 1988 and 1989),
NSD  is the Div. (1B, 1C, 1D and 1E),
H is the area (habitat) (inshore, coastal,

offshore area),

DS is the depth stratum (<101 m, 101-
200 m, 201-300 m average bottom
depth), and

£ (epsilon) is the model error term
(model residuals).

To avoid taking the logarithm of zero, 0.001 cod per
100 hooks per 4.5 hr set was added to all the catch
rates (CPUE). The fishing effort was weighted by the
relative size of each stratum.

The GLM ANOVA was used as this procedure can
handle unbalanced data, i.e. where the number of
observations varies by cells. The log-transformation
was carried out to obtain normally distributed data
with equal variances. First the additive Model was
tested including all first order interaction effects in
order to identify all statistically significant main
effects (independent factors) and interaction effects
(Models 1 and 2). Models 1 and 2 included both
species in order to allow comparative density analyses
between species. Model 1 covered only Div. 1D, i.e.
the independent factor NSD was removed. This was
because the feeding studies on the two species were
performed in Div. 1D, and because the best sampling
coverage was here. Model 2 covered all Divisions. The
resulting reduced models were achieved by successive
reduction of non-significant effects (5% level). In the
run of Models 1 and 2 no main effect was removed if
the effect was included in a statistically significant
interaction effect. Model 3 was run for each species
separately (Model 3.1 for G ogac and Model 3.2 for
G. morhua), i.e. the independent factor species was
removed here. Furthermore, Model 3 only included
main effects in the additive model (no interaction
effects). This was done to obtain Model estimates of
the (statistically significant) independent factors. The
test statistics and the estimates of the ANOVA for each
reduced model are presented in the results. The
residuals of the models were analyzed by the SAS
Univariate procedure (SAS, 1990, 1991a,b) as a test
of the errors being normally distributed and having
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equal variances. The tests show that the data were
valid and that Models 1, 2, 3.1 and 3.2 describe the
density data well on the 1% level with 50%, 74%,
59% and 28% of the total variation accounted for,
respectively, in the data.

Results

Most of the individuals of both species measured
35-55 cm (Table 2), however, a relatively larger portion
of the sampled G. morhua was longer than 55 cm
compared to that of G ogac (Table 2), which only reach
a maximum length of 77 cm (Nielsen, MS 1992a, b).
The analyzed G. morhua measured up to 90 cm. The
absence of individuals smaller than 30 cm in the
analyses (catches) was due to longline size selectivity
as shown by Hovgérd and Riget (MS 1990, 1992) for
G. morhua and by Nielsen (MS 1992a, b) for G ogac.
Of the 334 analyzed G ogac stomachs 100 were empty
(29.9%) compared to only 4 (4.5%) of the 89 stomachs
analyzed from G morhua (Tables 1 and 2). In relation
to bottom depth most individuals with empty stomachs
were found in the shallow water fjord areas, however,
when pooling for all depth strata the proportion of
empty stomachs between the coastal and fjord area, re-
spectively, was not different for any of the species (Table
1). The proportion of empty stomachs was approximate-
ly equal for all G ogac size groups below 50 cm but
declined for the length groups above 50 cm. (Table 2).

Total stomach content, TFI. The mean total food
contents, i.e. the TFI, for different length groups and
areas are shown in Table 3 for both species. TFI was
higher for G ogac (individuals <55 cm) and for all
sizes of G morhua in the fjord area compared to the
coastal area. For G ogac the fjord TFI increased with
increasing length while there was an opposite tendency
in the coastal area (Table 3). The mean TFI for smaller
G. morhua <60 cm were 31.35 and 82.19, respectively,
for the coastal and fjord area (not shown). In the coastal

area, the mean TFI for G morhua increased with length,
but this was not apparent from the samples from the
fjord area. The generally higher stomach content in
the fjord area compared to the coastal area was more
pronounced for G morhua compared to G. ogac (Table
3). However, the TFI for G ogac varied more in the
TFI interval 10—100 between stations in the fjord area
compared to the coastal area where TFI was between
10-40.

Food composition. The food composition for both
species was grouped into main taxonomic prey groups
as shown in Tables 4 to 6 and Fig. 3 to 4, while
Appendix Table 2 presents in detail the 53 identified
taxonomic prey items to which the food contents could
be sorted during laboratory analyses. In general, some
prey groups (e.g. Gammaridea, Hyperiidae and
Euphausiacea) had high frequency but accounted for
only a relatively small portion of total stomach content
weight because of small individual weight (Tables 4 to
5). Active feeding on algae, shell gravel, unidentified
organic material and small stones was not expected to
occur. Furthermore, extensive feeding on Hydrozoa and
Bryozoa was neither expected to be significant in
periods with presence of abundant alternative food
groups (Hansen, 1949). Consequently, these food
groups were expected to be "by-catch" in active
predation on other food groups and they will not be
commented on further (Table 4, Appendix Table 2).

Gadus ogac: The main part of the fish prey for G
ogac was found to be capelin (Mallotus villosus)
accounting for a relative prey weight between 30-50%
for all predator size groups (Table 4, Fig. 3), however,
a clear tendency towards decreasing relative weight of
capelin with increasing predator size was found (Fig.
3). DoD of capelin in the G ogac stomach contents
was typically between 2—4 (Appendix Table 3) with
higher frequencies in the 3—4-groups in total than in
the 2-group. As the capelin with a DoD value of 1 and

TABLE 3. TFI estimates for different length groups (cm) of Gadus morhua by survey area.

Species Area 30-34 35-39 40-44 45-49 50-54 55-59 60-69 70-79 80-89 >90 Mean

Gadus Coastal 50.32 28.06 29.14  20.56 31.64 31.94
ogac Fjord 36.26 49.06 17.57 54.05 57.39 74.23% 42.87

Gadus Coastal 20.53 23.38 27.61 34.23 50.98 84.90 3.70 184.60 53.74
morhua  Fjord 5479 182.20 56.21 52.60 65.17 69.71 26.69 81.14 107.20 73.56
. No observations. * >55cm
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TABLE 4. Frequencies, relative weights, and the mean PFI estimates for different prey groups
found in Gadus ogac stomachs for all individuals analyzed.

Prey Group Frequency Relative Weight Mean PFI
Pisces
Mallotus villosus 20.7% 44.3% 3.224
Other 25.2% 24.3% 1.311
Amphipoda
Hyperiidae 8.7% 0.6% 0.055
Gammaridea 19.6% 1.3% 0.093
Caprellidea 0.9% 0.0% 0.002

Other Malacostraca

Euphausiacea 9.3% 0.4% 0.030
Crangonidae 2.1% 1.6% 0.112
Hippolytidae 19.0% 5.1% 0.477
Pandalus 8.1% 3.9% 0.237
Natantia 8.7% 1.3% 0.091
Brachyura 4.2% 4.3% 0.337

Other Crustacea

Other Crustacea 33.4% 3.7% 0.321
Echinodermata

Holothuroidea 1.8% 1.0% 0.088

Echinoidea 6.3% 0.7% 0.075

Ophiuroidea 0.3% 0.0% 0.000
Mollusca

Gastropoda 0.3% 0.0% 0.002

Bivalvia 1.8% 0.4% 0.029

Cephalopoda 0.6% 0.0% 0.001
Polychaeta

Errantia 3.3% 0.5% 0.041

Sedentaria 3.9% 0.2% 0.015

Polychaeta* 3.3% 0.5% 0.041
Hydrozoa

Hydrozoa 0.3% 0.0% 0.000
Bryozoa

Bryozoa 1.2% 0.1% 0.004
Other

Unspecified organic material 6.6% 4.5% 0.314

Algae 8.7% 0.7% 0.060

Unspecified inorganic material 0.5%

* Non-classified Polychaeta, because identification is impossible as a consequence of high DoD.



NIELSEN and ANDERSEN: Greenland Cod and Atlantic Cod

TABLE 5. Frequencies, relative weights, and the mean PFI estimates for different
prey groups found in Gadus morhua stomachs for all individuals analyzed.

Prey Group Frequency Mean PFI
Pisces
Mallotus villosus 57.30% 3.598
Other 28.09% 1.149
All together 75.28% 4.747
Amphipoda
Hyperiidae 15.73% 0.071
Gammaridea 16.85% 0.116

Other Malacostraca

Euphausiacea 26.97% 0.340
Crangonidae 1.12% 0.010
Hippolytidae 19.10% 0.225
Pandalus 15.73% 0.107
Natantia 17.73% 0.107
Brachyura 38.20% 3.963

Other Crustacea

Other Crustacea 22.47% 0.366
Echinodermata

Holothuroidea 4.49% 0.111

Ophiuroidea 2.25% 0.008
Mollusca

Bivalvia 15.73% 0.280

Cephalopoda 1.12% 0.013
Polychaeta

Polychaeta 24.72% 0.290

TABLE 6. The frequency distribution of prey subdivided into main prey groups for Gadus ogac and Gadus

morhua.

Species Prey group Frequency PFI

Gadus ogac Pisces 40% 4.535
Small Crustacea 16% 0.085
Large Crustacea, 59% 1.962
Polychaeta, Mollusca and Echinodermata

Gadus morhua Pisces 76% 4.760
Small Crustacea 38% 0.411
Large Crustacea, 80% 5.596

Polychaeta, Mollusca and Echinodermata
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Fig. 3. Relative contributions in weight (calculated as the PFI for each group divided
by the total PFI for all prey groups) of the main prey groups in total stomach
content for different predator size groups (5-cm length groups) of (A) Gadus
ogac and (B) Gadus morhua, in Div. 1D, West Greenland, in the autumn period.
Prey group 1: Mallotus villosus (Capelin). Prey group 2: Other Pisces species
(and Cephalopoda which is not important). Prey group 3: Small
Crustacea: Amphipoda (Gammaridea, Caprellidea, Hyperidae) and
Euphausiacea. Prey group 4: Large Crustacea (Crangonidae, Hippolytidae,
Pandalus, Natantia, Brachyura), Polychaeta, Mollusca and Echinodermata.

capelin with hook marks or identified as egg bearing
females were deleted from the stomach contents
analyses, the influence of bait most likely was
insignificant here. The relative importance of the rest
of the fish prey besides capelin showed an increasing
tendency with predator length, where the demersal
species Myoxocephalus sp., Triglops sp., Cottidae sp.,

Aspidophoroides monopterygius and Artediellus sp.
were important components. Fish prey was present in
40% of the G. ogac stomachs (Tables 4 and 6). Also
the frequency of fish prey increased with increasing
predator length (the latter not presented). Overall there
were approximately equal frequencies of capelin and
other fish species (Table 4). Cephalopoda was found





