Abstract. — During 1981 and
1982, 933 Atlantic cod Gadus morhua
and 119 thorny skate Raja radiata
were collected off the northwestern
coast of Cape Breton Island, Nova
Scotia. Danish seines, jigs, gillnets,
and trawls were used for sampling.
Stomach contents were analyzed to
investigate predator-prey relation-
ships between cod and snow crab
Chionoecetes opilio, two commercial-
ly important species. For compari-
son, skate and two toad crab species,
Hyas araneus and H. coarctatus,
were also considered.

During spring (April, May), cod fed
mostly (by weight) on large soft-
shelled male snow crab [77-110mm
carapace width (CW)]. In summer
(July) and fall (September), cod pre-
dation was directed more towards
prey species such as fish, although
the mean number of snow crab per
cod stomach also increased. The aver-
age number of snow crab in cod stom-
ach contents was higher (0.59 crab/
stomach) on sand and mud bottoms
than on rocky and gravel bottoms
(0.05 crab/stomach). In contrast,
higher numbers of toad crab (1.35
crabs/stomach) were found in stom-
achs from cod on rocky and gravel
bottom than on mud and sand bot-
tom (0.50 crab/stomach).

There were approximately five
times more snow crab (by number)
in the stomachs of skate than in cod.
The frequency of toad crab present
in the stomach contents of both pred-
ators was similar. On average, indi-
vidual skate consumed up to five
times more snow crab (by number)
than toad crab, while cod consumed
approximately equal numbers of toad
and snow crab. Estimates of crab
abundance provide evidence that cod
feed more on toad crab than snow
crab, whereas skate seem more op-
portunistic.

Problems associated with using
stomach content analysis to assess
the potential impact of cod predation
on snow crab recruitment are dis-
cussed.
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Cod Gadus morhua and snow crab
Chionoecetes opilio which in 1983
supported fisheries valued at $17.4
and $29.1 million, respectively, form
two of the most important fisheries
in the Gulf of St. Lawrence (Anon.
1982; Elner and Bailey 1986). The
snow crab resource is heavily ex-
ploited, and the fishery has become
almost entirely dependent on the
recruitment of crab reaching com-
mercial size each year (Bailey and
Elner 1989). Little is known about
the factors affecting snow crab re-
cruitment. Past studies on the east
coast of Canada have established a
predator:prey linkage between cod
and snow crab (Waiwood et al. 1980,
Waiwood 1981, Bailey 1982, Wai-
wood and Elner 1982, Lilly and Rice
1983, Lilly 1984, Lilly and Botta
1984, Waiwood and Majkowski
1984). Bailey (1982) suggested that
cod predation could be a major fac-
tor controlling the number of snow
crab entering the fishery each year.
However, Waiwood and Elner (1982)
suggested that cod do not control
recruitment of crab into the fishery,

but simply react to the availability of
crabs as compared with other prey
species.

Although cod has been identified as
an important predator of snow crab,
the ecological mechanisms involved
in the interaction are not well under-
stood. By analyzing cod stomach con-
tents, this work provides fresh in-
sights into cod predation on crab in
nature. We also discuss the problems
associated with using stomach con-
tents analysis as a means of assess-
ing the impact of cod predation on
snow crab recruitment, and evaluate
the use of stomach contents as a
biological tool for sampling snow
crab. For comparative purposes,
skate Raja radiata, a known preda-
tor on crab (Templeman 1982), and
two additional crab prey species com-
monly recognized as toad crab (Hyas
araneus and H. coarctatus) were con-
sidered in the study.

Materials and methods

Over the period 21 April 1981 to 29
September 1982, 933 cod and 119
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skate stomachs were collected off the northwestern
coast of Cape Breton I. (Fig. 1). Sampling was con-
ducted on an opportunistic basis from various fishing
vessels and during research cruises; consequently,
different gear types were used (Danish seines, jigs,
gillnets, trawls) (Robichaud 1985). Data from samples
collected at adjacent sites, on similar bottom, during
the same week period and using the same sampling
gear were combined and assigned the same sample
number (Fig. 1).

Fork length of cod and total length of skate were
measured at sea. However, in samples 3 and 8 where
large numbers of cod were caught (207 and 160 cod,
respectively), all stomachs were removed but, due to
limited time, only a random subsample of cod was
measured. Possible differences in mean sizes of cod and
skate between samples were tested by a ‘‘one-way”

analysis of variance combined with a Duncan test
(Duncan 1955) after transforming the data with Log(x).

Stomach removal was performed by (1) tying off the
anterior part of the stomach with plastic “‘spaghetti”’
tubing identified by a specimen number, and (2)
separating the esophagus in front of the tubing and cut-
ting the posterior part of the pylorus in order to pre-
vent the loss of stomach contents. Stomachs were then
preserved in 4% formaldehyde and seawater and trans-
ported to the laboratory for analysis. For each cod and
skate, data on capture location, depth, bottom type, and
gear type were recorded.

In the laboratory, stomach contents were examined
and prey remains identified to the lowest taxonomic
level that the state of digestion permitted. Food in each
taxon was weighed and its contribution, in terms of
percent by weight of the stomach contents, was deter-
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mined. All unidentified portions and material such as
vegetable matter, stones, and mucous were categor-
ized as “others’. Empty stomachs, which accounted
for less than 9% of the total stomachs sampled, were
not used in the analysis. Crab prey were individually
identified to species, weighed, measured [carapace
width (CW)] and sexed. For each sample, total number
of individuals for each crab species, total weight of in-
dividuals, frequency of occurrence, and mean number
of crabs per stomach were determined. Size-frequency
distributions were constructed for each crab species.
Relationship between the carapace width of crab and
body length of cod or skate predator was also assessed
using scattergram plots.

The bottom substrate was sampled using a Van Veen
grab. Substrate characteristics were also based on sedi-
ment information, collected also with a Van Veen grab,
during a juvenile snow crab survey done concurrently
with this study (Robichaud 1985, Robichaud et al.
1989).

Results

The average number of H. araneus and H. coarctatus
per cod stomach was 0.37 [variance (S) 1.04] and 0.42
(S 1.82), respectively. Predation by cod on the two toad
crab species followed similar patterns. The average
number of both toad crab species per cod stomach was
higher on gravel bottom [0.59 (S 1.54) and 0.53 (S 1.69)
for H. araneus and H. coarctatus, respectively] and
lower on sand and mud bottom [0.19 (S 0.56) and 0.33
(S 1.93) for H. araneus and H. coarctatus, respectively].
In addition, the number of both toad crab species per
skate stomach was low [0.02 (S 0.02) and 0.06 (S 0.16)
for H. araneus and H. coarctatus, respectively]. Be-
cause there was no significant differences (P>0.05,
using ¢-test) in number per stomach between the two
toad crab species, and because of the large proportion
(23%) of toad crabs that was unidentifiable and cate-
gorized as Hyas species, all toad crabs were combined
for the stomach analysis.

There were significant differences (P<0.05) in the
average size of cod between samples (Fig. 2). There
were no significant differences (P>0.05) in the mean
size of skate between samples (Fig. 2).

Cod stomach analyses

The stomach contents of cod caught by Danish seiners
or by trawls over deep (100-141m) muddy or sandy
bottoms during the spring of 1981 and 1982 comprised
a large percentage by weight of snow crab (Fig. 3;
Table 1, samples 1-3). The percentage by weight of
snow crab found in cod stomachs ranged between 40.4
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Flgure 2
Geometrical mean size of cod and skate for each sample col-
lected during 1981-82. Dots are means; vertical lines are
+95% confidence limits; numbers above dots are the number
of fish in each sample.

and 66.2%. The mean number of snow crab per cod
stomach ranged between 0.13 and 0.39, respectively
(Fig. 3; Table 1). In the same samples, the percentage
by weight of toad crab (Hyas araneus AND H. coarc-
tatus, combined) ranged between 1.8 and 5.2%, and the
mean number of toad crab per cod stomach ranged
between 0.10 and 0.53 (Fig. 3; Table 1). The high per-
centage of the total weight of snow crab in cod stom-
achs during spring was mainly made up of large soft-
shelled males. Whole soft-shelled crabs were usually
found compacted into a single pliable ball in cod and
skate stomachs. On removal from the stomachs, they
could be unfolded and measured. Other prey taxa iden-
tified were invertebrates, such as amphipods, euphau-
siids, and molluses, and minor quantities of fish (Fig.
3, samples 1-3).

In May 1982, cod taken by jigging over gravel bot-
tom at shallow depth (55m) contained a negligible
amount of snow crab (0.4% of overall weight) (Fig. 3,
sample 4). In the same sample, the percentage by
weight of toad crab was higher (27.8%) and the mean
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Figure 3
Percentage by weight of prey categories against total weight
of stomach contents from cod sampled in April/May 1981 and
May 1982. Dark bar represents the percentage by weight of
toad crabs (Hyas araneus, H. coarctatus, unidentified Hyas);
depth range given in meters.

number of toad crab per stomach was 1.63, compared
with 0.05 for snow crab (Fiig. 3; Table 1). In this sam-
ple, there was also a large proportion (39.9%) of other
invertebrates consumed.

During July 1982, in cod sample 5, taken with gillnets
set on gravel bottom in shallow water (46-62m), there
were no snow crab (Fig. 4). However, the percentage
by weight of toad crab was 51.2%, and the average
number of toad crab per cod stomach was 2.0. For sam-
ple 6, from the stomach contents of cod also captured
by gillnets, but in deeper water (102-117m) on mud
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Figure 4

Percentage by weight of prey categories against total weight
of stomach contents from cod sampled in July 1982. Dark bar
represents the percentage by weight of total toad crabs (Hyas
araneus, H. coarctatus, unidentified Hyas).

bottom mixed with boulders, the percentage by weight
of snow cirab was 7.4% and the mean number of snow
crab per cod stomach was 0.17 (Fig. 4; Table 1). In com-
parison with sample 5, the percentage by weight of
toad crab in sample 6 decreased to 14.7% and the mean
number of toad crab per cod stomach was 1.65 (Fig.
4; Table 1). In cod samples 5 and 6, the major diet
percentages of total weight were fish (34.7 and 69.6%,
respectively) such as pleuronectids and gadids (Fig. 4).

In July 1982, for stomachs of cod taken by Danish
seiners over shallow (66-69m) sandy and muddy bot-
toms (Fig. 4, samples 7 and 8), the percentage by
weight of snow crab was 2.2 and 13.8%, respectively.
This percentage of total weight was lower than that
found in cod stomachs taken on similar but deeper
(101-141m) bottoms during spring 1981 and 1982 (Fig.
3, samples 1-3). However, the mean number of snow
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Table 1
Snow crab Chionoecetes opilio and toad crab Hyas araneus and H. coarctatus occurring in cod stomachs (with food).
Percentage by Frequency of Mean number
weight occurrence per stomach
Sample Depth Date Stomachs
no. (m) (MDY) sampled Snow crab  Toad crab  Snow crab  Toad crab  Snow crab  Toad crab
1 101 04-21-81 70 40.4 5.2 8.6 4.3 0.13 0.10
2 130-141 05-05-81 53 59.2 4.5 26.4 13.2 0.38 0.53
3 101 05-10-82 207 66.2 1.8 33.3 8.7 0.39 0.19
4 55 05-28-82 40 0.4 29.8 2.5 36.9 0.05 1.63
5 46-62  07-9/10-82 28 — 51.2 - 53.6 — 2.00
6 102-117  07-9/10-82 29 74 14.7 10.3 48.3 0.17 1.65
7 66 07-20-82 99 2.2 5.7 30.3 18.2 0.47 0.37
8 69 07-21-82 160 13.8 18.1 52.5 42,5 1.16 1.16
9 66-90 09-26-82 18 24.5 16.1 27.8 16.7 0.78 0.22
10 51 09-26-82 53 0.1 40.8 7.5 52.8 0.08 1.57
12 46 09-27-82 55 — 48.8 - 49.1 — 1.96
13 46 09-28-82 89 0.1 5.5 1.1 27.8 0.01 0.49
14 33 09-28-82 32 - 9.7 — 25.0 — 0.78
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with July (3.7g/crab). The percentage by weight of toad
crab in sample 9 was 16.1%, and the average number
of toad crab per cod stomach was 0.22 (Fig. 5; Table
1). The largest percentage of total weight in sample
9 was composed of fish (48.6%) such as mackerel
Scomber scombrus, pleuronectids, and smaller gadids.
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Cod captured with jigs at sites a few kilometers from
shore on shallow (46-51m) gravel bottom (samples 10
and 12) consumed negligible amounts of snow crab (Fig.
5; Table 1). In contrast, the percentage by weight of
toad crab in samples 10 and 12 was 40.8 and 48.8%,
respectively, and the mean number of toad crab per
cod stomach was 1.57 and 1.96, respectively (Fig. 5;
Table 1). Other important prey in the diet of these cod
were invertebrates (25.4 and 34.7%) (amphipods,
euphausiids, and molluses) and fish (20.2 and 23.3%)
[pleuronectids, mackerel Scomber scombrus, and small
gadids].

Cod captured with jigs at sites closer to shore on
shallower (33—46m) gravel bottom (samples 13 and 14)
also consumed negligible amounts of snow crab (Fig.
5; Table 1). However, the percentage by weight of toad
crab was lower, 5.5 and 9.7%, as was the mean number
per stomach, 0.49 and 0.78 (Fig. 5; Table 1). In addi-
tion, stomachs contained Cancer crab and a lobster
Homarus americanus, but the main prey once again
was fish (67.7 and 73.2%) (Fig. 5).

Skate stomach analyses

All skate were collected during spring 1981 and fall
1982 by Danish seines or concord trawls over sandy
and muddy bottoms (Fig. 1) (samples 1, 2, 9, 11, and
15). During spring 1981 (samples 1 and 2), the percent-
age by weight of snow crab found in skate stomachs
was 37.7 and 64.3%, and the mean number of snow
crab per stomach was 0.30 and 2.26 (Fig. 6; Table 2).
The large percentage by weight of snow crab present
was large soft-shelled males. Besides crab, skate fed
on fish (27.4 and 46.9%) such as cod, hake Urophysis
tenuis, herring Clupea harengus, and sand lance Am-
modyles americanus.

During September 1982 (samples 9, 11, and 15), the
percentage by weight of snow crab had decreased to
between 3.5 and 27.6%, but the mean number of snow
crab per skate stomach had increased to between 1.44
and 4.81 (Fig. 6; Table 2). The overall average number
of crab per stomach was twice as high during the fall
as in spring. During fall 1982, skate diet also included
large quantities of other invertebrates (up to 52%)
(polychaetes, amphipods, euphausiids, gastropods,
cephalopods, hermit crab Pagurus longicarpus, and
brittle stars Ophiopholis aculeata) and fish (up to 85%)
(Fig. 6) such as mackerel Scomber scombrus and
pleuronectids.

Comparisons between cod and
skate as crab predators

The percentage by weight of toad crab in the diet of
skate was small (0-1.3%) (Fig. 6; Table 2). However,
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Figure 6
Percentage by weight of prey categories against total weight
of stomach contents from skate sampled in April/May 1981
and September 1982. Dark bar represents the percentage by
weight of total toad crabs (Hyas araneus, H. coarctatus,
unidentified Hyas).

the mean numbers of toad crab per stomach for cod
and skate captured at the same sampling sites in the
same tows were similar (0.28 and 0.30 for cod and
skate, respectively) (Table 3, samples 1, 2, and 9). In
these same samples, the mean number of snow crab
found in skate stomachs was on average 4.9 times
higher than the mean number of toad crab (Table 3),
whereas the mean numbers of snow crab and toad crab
found in cod stomachs were similar (0.30 and 0.28,
respectively). Skate also appeared to consume up to five
times more snow crab than cod (1.60 and 0.30 per skate
and cod, respectively) (Table 3).

Influence of season and substratum type

The quantity of crab consumed by cod varied between
bottom types. In the stomachs of cod captured on sand
and mud bottoms, the overall mean numbers of snow
crab and toad crab per stomach were generally similar
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Table 2
Snow crab Chionoecetes opilio and toad crab Hyas araneus and H. coarctatus occurring in skate stomachs (with food).

Percentage by

Frequency of Mean number

captured in the same tows.

weight occurrence per stomach
Sample Depth Date Stomachs

no. (m) (MDY) sampled Snow crab  Toad crab  Snow ecrab  Toad crab  Snow crab  Toad crab

1 101 04-21-81 10 64.3 — 40.0 - 0.30 -

2 130-141 05-05-81 33 37.7 0.7 75.8 30.3 2.12 0.58

9 66-90  09-26-82 27 3.5 0.2 51.9 14.8 1.44 0.15
11 113-119  09-27-82 28 27.6 0.05 85.7 3.6 4.64 0.04
15 79  09-29-82 21 11.8 0.01 100.0 4.8 4.81 0.05

Table 3

Mean numbers of snow crab Chionoecetes opilio and toad crab Hyas araneus and H. coarctatus per cod and skate stomach for fish

bottom type and seasons.

Cod Skate
Snow crab Toad crab Snow crab Toad crab
Sample Stomachs per stomach per stomach Stomachs per stomach per stomach
no. sampled (variance) (variance) sampled (variance) (variance)
1 70 0.13 (0.26) 0.10 (0.29) 10 0.30 (0.45) -

2 53 0.38 (0.90) 0.53 (3.65) 33 2.12 (5.81) 0.58 (1.12)

9 18 0.78 (3.13) 0.22 (0.30) 27 1.44 (4.04) 0.15 (0.13)
Total 141 0.30 (0.88) 0.28 (1.56) 70 1.60 (4.67) 0.33 (0.62)

Table 4

Mean numbers of snow crab Chionoecetes opilio and toad crab Hyas araneus and H. coarctatus per cod stomach for fish captured by

Sand and mud bottom

Gravel, rocky bottom

Snow crab Toad crab Snow crab Toad crab
Stomachs per stomach per stomach Stomachs per stomach per stomach

Season sampled (variance) (variance) sampled (variance) (variance)
Spring 330 0.35 (0.52) 0.23 (1.12) 40 0.05 (0.12) 1.63 (6.76)
Summer 259 0.90 (1.82) 0.86 (6.97) 57 0.09 (0.18) 1.82 (7.43)
Fall 18 0.78 (3.13) 0.22 (0.30) 229 0.02 (0.02) 1.14 (5.26)
Total 607 0.59 (1.21) 0.50 (3.69) 326 0.04 (0.06) 1.35 (5.86)

except in the fall. However, the fall sample was small
(Table 4). On rocky and gravel bottoms, toad crabs
were much more abundant (Table 4). Furthermore, the
overall mean numbers of snow crab per stomach from
cod captured on mud and sand bottoms were substan-
tially greater than for cod captured on gravel and rocky
bottoms. For toad crab, mean numbers per stomach
were higher in cod captured on rocky and gravel bot-
tom than from sand and mud bottoms.

Crab:cod size relationship

Three distinct size groups of snow crab were detected
(F'ig. 7). One group, found only during the spring sam-
pling, was comprised mainly of recently molted males
ranging in size between 77 and 107mm CW (Fig. 7).
These soft-shelled crabs were consumed by cod rang-
ing in size between 49 and 66cm (Fig. 7). The second
group of snow crab comprised hard-shelled adult
females with eggs. This group of crabs was consumed
only by larger cod ranging in size between 67 and 106
cm (Fig. 7). The third and most numerous group of
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snow crab found in cod was made up of
juveniles (of both sexes) ranging between
6 and 44mm CW. These smaller crabs
were found in stomachs of cod ranging
between 33 and 82em. The size range of
juvenile crab consumed by cod appeared
to broaden with cod size (Fig. 7). How-
ever, the pattern seems to reach a pla-
teau for juvenile crab above 44mm CW;
larger juveniles were not found even in
large cod. Larger crab or alternate prey
species were present in the stomach con-
tents of cod above 82cm.

The relationship between the size range
of the two Hyas species and cod length
was similar to the relationship found be-
tween snow crab and cod (Fig. 8). The
size range of toad crab consumed became
broader as cod size increased. However,
no toad crab over 46 mm CW were found.

Crab:skate size relationships

The relationship between skate length
and the size of snow crab consumed ap-
pears different from the relationship
between snow crab and cod (Fig. 7 and

9). The size range of juvenile snow crab
consumed by skate is narrower, with no juve-
niles larger than 27mm CW present, com-
pared with 44mm CW for juvenile crabs
found in cod stomachs. Nevertheless, during
the spring of 1981, two large soft-shelled
male snow crab were found in skate stom-
achs, indicating that skate were able to feed
on larger snow crab (Fig. 9).

The number of toad crab present in skate
stomachs was small (Fig. 9). The size range
consumed was narrow (5-21 mm CW) and did
not change with skate size.

Size-frequency distributions
of crab prey

By visual inspection, up to six distinct size-
classes, or molt groups, were determined for
snow crab found in cod stomachs (Fig. 10).
Five of these molt groups could be correlated
to molt groups determined by Robichaud et
al. (1989) for snow crab caught by beam
trawling during the same period in the same
area. The corresponding mean sizes for each
of the molt groups were 6.8, 13.9, 19.6, 27.1,
and 37.3mm CW. Only two corresponding
molt groups (6.8 and 13.9mm CW) could
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be identified from snow crab found in skate stomachs
(Fig. 10).

The size-frequency distributions of Hyas araneus and
H. coarctatus found in cod stomachs were similar (Fig.
11). However, although molt groups could be deter-
mined visually, detailed modal analysis of the distribu-
tions was not possible because of the small number of
individuals comprising each mode (Macdonald and
Pitcher 1979). The maximum size of Hyas araneus and
H. coarctatus found in cod stomachs was 42 and 46 mm
CW, respectively.
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Discussion

Our study indicates that the diets of cod and skate vary
according to season and bottom type. Although there
were significant differences (P<0.05) in the mean size
of cod between some samples which could create some
bias in the analyses, the changes in the diet of cod ap-
peared to follow the same general pattern between
season and bottom type independent of cod size in each
sample (Fig. 2). During spring, cod fed on large soft-
shelled male snow crab, while during summer and fall,
predation was directed more towards alternate prey
species, such as fish and other invertebrates. Seasonal
variations in cod diet could reflect the abundance and
availability of potential prey species. Such a hypothesis
is in accord with Lacroix and Marcotte (1962), Kinnear
and Livingstone (1979), Kohler and Fitzgerald (1969),
and Corbeil (1954), who argued that seasonal and
regional variations in the quantity of prey species eaten
by cod are probably due to the distribution of individual
prey species, and that prey choice in cod is influenced
by prey size, availability, abundance, and ease of cap-
ture. Thus, our results may reflect the relative densities
and size composition of each crab species present at
each sampling site at given times. We found that snow
crab were more numerous in cod stomachs from sand
and mud bottoms located offshore (0.59 crab/stomach)
than on inshore rocky and gravel bottom (0.05 crab/
stomach). In contrast, larger numbers of toad crab (1.35
crab/stomach) were found on rocky and gravel bottoms
inshore than on mud and sand bottoms offshore (0.50
crab/stomach). We also determined that the two Hyas
species were present in cod stomachs at similar den-
sities (0.37 H. araneus and 0.42 H. coarctatus/cod
stomach), regardless of bottom type.

Cod and skate appeared to have different feeding
patterns for crabs. On average, skate consumed five
times more snow crab (1.60 crabs/stomach) than toad
crab (0.33 crab/stomach). In contrast, cod captured in
the same tows as skate consumed equivalent numbers
of snow crab (0.30 crab/stomach) and toad crab (0.28
crab/stomach). Based on a beam trawl survey in the
same area during the same periods, Robichaud et al.
(1989) determined that snow crab density (11.4 crabs/
1000m2) was four times higher than the density of
toad crabs (2.8 crabs/1000m?2). If beam trawling is
considered to be an unbiased sampling method reflect-
ing the actual densities of both crab species in the area,
we can argue that cod feed more on toad crab than
snow crab. In contrast, skate would appear to be a more
opportunistic predator, feeding on snow crab and toad
crab in direct proportion to their actual occurrence.

The stomach contents of cod and skate probably
reflect different foraging modes. Cod detect their

prey by visual and olfactory cues, but are not capable
of detecting buried prey (Brawn 1969). Since snow crab
can bury themselves in sediment (Brunel 1960, Miller
1975), cod may experience difficulty in locating them.
In comparison, toad crab appear to depend on cam-
ouflage rather than burial for protection (D.A. Robi-
chaud, pers. obs.) and are usually found at the sediment
surface. As skate prefer foraging in sediment (McEach-
ran et al. 1976), it should be possible for them to detect
snow crab buried in mud and sand. In addition, they
would also, presumably, be able to locate toad crab on
the surface. However, skate may not be as good at
catching crabs on the surface.

When attempting to elucidate the impact cod preda-
tion could have on snow crab recruitment, many eco-
logical factors need to be considered: distribution pat-
terns of the predator and prey in time and space, size
of the predator and prey, availability and vulnerabil-
ity of the prey, presence of alternative prey species;
and behavior of predator and prey. However, one other
important non-ecological factor which may influence
one’s assessment of the relative importance of a prey
species in a predator’s diet is the method of stomach
content analysis employed by the investigator. Differ-
ent methods of analysis can lead to markedly different
conclusions (Hyslop 1980). For example, in this study,
if we consider only weight as a measure of the impor-
tance of snow crab in cod diet, the greatest quantity
of crab present in cod stomachs was during the crab
molting period in spring. However, if we consider the
actual number of snow crab per stomach or their fre-
quency of occurrence, the number of crab eaten dur-
ing summer (0.90 crab/stomach) was almost three times
higher than spring (0.33 crab/stomach) and the fre-
quency of occurrence was almost twice the spring level
(44% vs. 27% in spring). During spring, cod ate fewer
but larger soft-shelled male snow crab. During sum-
mer and fall, even though the percentage by weight
of snow crab was much lower, cod consumed more
numerous small juvenile crabs.

Although there are constraints to the present anal-
ysis (for example, sampling method, fish size, and the
small number of samples), the results provide insight
into the predator:prey relationships between fish and
crab. However, given the constraints and based on the
statistical advice provided, it was decided that any ad-
ditional effort to statistically isolate the influence of
single independent variables such as gear type, season,
predator size, depth, or substrate would not only be
inappropriate, but liable to create misleading conclu-
sions. For example, studies by Powles (1968), Bréthes
et al. (1987), Coulombe et al. (1985), and Robichaud et
al. (1989) have shown that substrate is a more impor-
tant influence than depth on snow crab distribution.
We stress that depth, although it may be correlated
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strongly with crab density, is secondary to substrate
type. Studies by Robichaud (1985) and Robichaud et
al. (1989) have shown that snow and toad crab densities
were not significantly different over a wide depth range
for a given substrate and crab species. A study by Scott
(1982) on selection of bottom type by 25 species of
groundfish, including cod and skate, concluded, even
for species like skate which were not strongly associ-
ated to bottom type, that depth was not a specific deter-
minant of distribution.

Previous studies on the impact of cod on snow crab
recruitment have not taken into account the behavioral
and ecological aspects of the two species (Waiwood et
al. 1980, Waiwood 1981, Bailey 1982, Waiwood and
Elner 1982). The dynamics of benthos:fish trophic
interrelationships are complex, and models based on
simple expansion of predator abundance and feeding
rate data cannot adequately express the ‘‘real world”
situation.

Acknowledgments

We express our thanks to B. Best and J. Hurley for
typing, to F. Cunningham and B. McMullon for illustra-
tions, and to G. Lilly and K. Waiwood for helpful com-
ments on this paper.

Citations

Anonymous

1982 Nominal catches of selected species by division and month

(Table 4). Northwest Atl. Fish. Organ. Stat. Bull. 30:1-67.
Bailey, R.

1982 Relationship between catches of snow crab, C. opilio (O.
Jabricius) and abundance of cod (Gadus morhua L.} in the
southwestern Gulf of St. Lawrence. In Proc. Int. Symp. on
the Genus Chionoecetes, p. 485-497. Lowell Wakefield Symp
Ser., Alaska Sea Grant Rep. 82-10, Univ. Alaska, Fairbanks.

Bailey, R.F.J., and R.W. Elner

1989 Northwest Atlantic snow crab fisheries: Lessons in re-
search and management. In Caddy, J.F. (ed.). Scientific ap-
proaches to management of shellfish resources, Chap. 12, p.
261-280. John Wiley, NY.

Brawn, V.M.

1969 Feeding behavior of cod (Gadus morhua). J. Fish. Res.
Board Can. 26:583-596.

Bréthes, J.-C.F., F. Coulombe, P.-E. Lafleur, and R. Bouchard

1987 Habitat and spatial distribution of early benthic stages
of snow crab Chionoecetes opilio Q. Fabricius off the north shore
of the Gulf of St. Lawrence. J. Crustacean Biol. 7:667-681.

Brunel, P.

1960 Analyse des données sur 'alimentation de la morue de
1951 & 1954. Rapp. Stn. Biol. Mar. Grande-Riviére 1959:
57-62.

Corbeil, H.-E.

1954 Analyse du contenu stomacal de la morue Gadus calla-
rias. Rapp. Stn. Biol. Mar., 1953. Contrib. Dép. Péch.
Québec 50:48-59.

Coulombe, F., J.-C.F. Bréthes, R. Bouchard. and G. Desrosiers
1985 Ségrégation édaphique et bathymétrique chez le crabe
des neiges, Chionoecetes opilio (0. Fabr.), dans le sud-ouest du
Golfe du Saint-Laurent. Can. J. Fish. Aquat. Sci. 42:169-180.
Duncan, D.B.
1955 Multiple range and multiple F tests. Biometrics 11:1-42.
Elner, R.W., and R.F.]J. Bailey

1986 Differential susceptibility of Atlantic snow crab, Chio-
noecetes opilio, stocks to management. In Jamieson, G.S., and
N. Bourne (eds.), Proc., North Pacific workshop on stock
assessment and management of invertebrates, p. 335-3486.
Can. Spec. Publ. Fish. Aquat. Sci. 92.

Hyslop, E.J.

1980 Stomach contents analysis—a review of methods and their

application. J. Fish Biol. 17:411-429.
Kinnear, J.A.M., and K. Livingstone

1979 Observations on the feeding of young cod Gadus morhua
L. on Nephrops norvegicus (L.) in the Firth of Forth. Int.
Counc. Explor. Sea CM 1979/K:33, 7 p.

Kohler, A.C., and D.N. Fitzgerald

1969 Comparisons of food of cod and haddock in the Gulf of
St. Lawrence and on the Nova Scotia Banks. J. Fish. Res.
Board Can. 26:1273-1287.

Lacroix, G., and A. Marcotte

1962 Variations régionales et saisonniérer de I’alimentation
de la morue (Gadus morhua L.) & 'entrée de la Baie des
Chaleurs. Nat. Can. (Ott.) 88(10):225-235.

Lilly. G.R.

1984 Predation by Atlantic cod on shrimp and crabs off north-
eastern Newfoundland in autumn of 1977-82. Int. Counc.
Explor. Sea CM 1984/G:58, 25 p.

Lilly, G.R., and J.R. Botta

1984 Food of Atlantic cod (Gadus morhua L.) near Bonavista,
Newfoundland in 1983. Northwest. Atl. Fish. Organ. SCR
Doe. 84/V1/51, Ser. N838, 8 p.

Lilly, G.R., and J.C. Rice

1983 Food of Atlantic cod (Gadus morhua) on the northern
Grand Bank in spring. Northwest Atl. Fish. Organ. SCR Doc.
83/1X/87, Ser. 753, 35 p.

Macdonald, P.D.M., and T.J. Pitcher

1979 Age-groups from size-frequency data: A versatile effi-
cient method of analysing distribution mixtures. J. Fish. Res.
Board Can. 36:987-1001.

McEachran, J.D., D.F. Boesch, and J.A. Musick

1976 Food division within two sympatric species—pairs of

skates (Pisces:Rajidae). Mar. Biol. (Berl.) 35:301-317.
Miller. R.J.

1975 Density of the commercial spider crab, Chionoecetes
opilio, and calibration of effective area fished per trap using
bottom photography. J. Fish. Res. Board Can. 82:761-768.

Powles, H.

1968 Distribution and biology of the spider crab Chionoecetes
opilio in the Magdalen Shallows, Gulf of St. Lawrence. Fish.
Res. Board Can. MS Rep. 997, 106 p.

Robichaud, D.A.

1985 Ecologie du crabe des neiges (Chionvecetes opilio)
juveniles au large des c6tes nord-ouest du Cap Breton, et ses
interactions avec la morue (Gadus morhua) et la raie (Raja
radiata). These de maitrise, Université de Moncton, Monc-
ton, N.-B., 168 p.

Robichaud, D.A., R.F.J. Bailey, and R.W. Elner

1989 Growth and distribution of snow crab, Chionoecetes opilio,
in the southeastern Gulf of St. Lawrence. J. Shellfish Res.
8:13-23.



680

Fishery Bulletin 89(4). 1991

Scott, J.S.

1982 Selection of bottom type by groundfishes of the Scotian

Shelf. Can. J. Fish. Aquat. Sci. 39:943-947.
Templeman, W.

1982 Stomach contents of the thorny skate, Raja radiata, from
the northwest Atlantic. J. Northwest. Atl. Fish. Sci. 3:
123-126.

Waiwood, K.

1981 The predatory impact of cod in the southern Gulf of St.
Lawrence ecosystem—a preliminary account. Int. Counc.
Explor. Sea CM 1981/G:43, 16 p.

Waiwood, K.G.. and R.W. Elner

1982 Cod predation of snow crab (Chionoecetes opilio) in the
Gulf of St. Lawrence. In Proc. Int. Symp. on the Genus
Chionoecetes, p. 449-520. Lowell Wakefield Symp. Ser.,
Alaska Sea Grant Rep. 82-10, Univ. Alaska, Fairbanks.

Waiwood, K.G.. and J. Majkowski

1984 Food consumption and diet composition of cod, Gadus
morhua, inhabiting the southwestern Gulf of St. Lawrence.
Environ. Biol. Fishes 11(1):63-78.

Waiwood, K.G., J. Majkowski, and G. Keith

1980 Food habits and consumption rates from cod from the
southwestern Gulf of St. Lawrence (1979). Can. Atl. Fish. Seci.
Adv. Comm. Res. Doc. 80/37, 17 p.



