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INTRODUCTION

The most important fishery grounds for shrimp (Pandalus borealis) off
West Greenland are in Subarea 1B and 1C where the catches in the latest years
have been about 40,000 tons. These areas are alse important nursery grounds
for Greenland halibut and redfish and it is well known that large quantities
of mainly these two fish species are by-catch in the shrimp fishery (Smidt,
1969; Jensen, 1979; Riget et al., 1988; Pedersen and Lehmann, 19%8%).

Little is known about ecclogical interactions between shrimps and fish
and between the key fish species in the marine ecosystem off West Greenland
and little is known about the effects of the shrimp fishery on the ecosystem.
In the latest years investigations of selective shrimp trawls which reduces
the by-catches and discards of small shrimps and fish have been initiated.
These investigations have raised the question if increased survival rates of
fish will reduce the yield from the shrimp fishery due to increased predation
mortality in the shrimp stock. .

In order to study the importance and level of predation on the shrimp
stock by fish a sampling program for stomactis from the key fish species on
the shrimp grounds was started in 1990 (Pedersen and Riget, 1991). This paper
presents preliminary results from investigations cf the stomach content of
the redfish,

MATERIALS AND METHODS T

Stomachs were collected from 578 redfish during four research surveys
covering the period from late June tc early November 1990. The regearch
surveys were not designed to this study. The sampling gear was bottom trawl
and stomachs were sampled during a total of 27 trawl hauls and in day—timé
only. The study area was West Greenland (NAFO Subarea 1) on the continental
shelf at depths between 150-550 m, This area is an important area for the
shrimp fishery.{(Table 1 and Fig. 1).

It was intended to collect stomachs stratified by length from the catch
of each haul in the study area. A substantial amount of redfish in the
catches had thgir stomachs reversed these were excluded from this study.
Stomaghs.f;om fish with no signs of regurgitation (in most cases hole fish)
were individually tagged and frozen (<-18°C) for later examination. In the
laberatory the stomachs (hole fish) were thawed in water.

The stomach content was divided into taxcnomic categories with equal
degree of digestion. The degree of digestion of fish was Judged by a six
peint scale and of invertebrate by a four point scale as propesed by Bromley
and Last (1990). The identification was done to lowest taxonomic level as
p0551b}e within a reasonable consume of time. Each food category were counted
and weighed t0 nearest 0.1 g. Excess liquid was removed only mechanically
When possible fish prey were measured to the nearest mm total length. Carapaé

and pleuron length of Pandalus borealis were measured with an accuracy of 0.1
mm . : '
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Three indices were used to evaluate the importance of food category:

1) Percent occurrence (the number of stomachs with a given prey category as
a percentage of number of stomachs investigated)

2) Percent weight (total weight of prey category p in all stomachs as a
percentage of the total weight of all prey categories)

3) Mean partial fullness index of prey p — BFI =

1 > Welght of prey p in fish f

2 (Length of Fish £ w3 10000

where N is the number of fish. Mean total fullness index was calculated
by adding values of mean partial fullness index.

RESULTS
Prey items;

The food of redfish off West Greenland summer-autumn 19%0 consisted of
prey species beleonging to five major animal groups {(polychaetes, molluscs,
crustaceans, echincderms and fish) (Table 2} . Crustaceans, copepods, mysiids,
hyperiids -~ especially Parathemisto sp., euphausiids and shrimps (Pandalus
borealis}, were the far most important prey items. Parathemisto sp. had the

highest occurrence and occurred in 8.5-51.0% c¢f the stomachs, but comprised
cnly between 0.4-19.1% of the total prey weight. In stomachs collected in
June and July Pandalus borealis only occurred in 10.6 and 5.2%, resp., but
comprised 32.4 and 48.3% of the total weight. Adding cthers+unidentified
shrimps to Pandalus borealis, shrimps occurred in 21.2 and 19.0%, but
comprised of 47.0 and 64.3% of the total prey weight in the stomachs collec-
ted in June and July. Pandalus borealis and other shrimps was rare in the
stomachs from small redfish (<20 cm) (see below) and probably therefore did
shrimps not occur in the stomachs collected in July/August and early
November. Fish prey was rare in stomachs from June, July and July/August but
had an occurrence and weight percent of 7.1% and 22.0%, respectively in
stomachs from small redfish (5-1% om) collected in early November. The
identifieqd fish prey was mainly redfish, but alsc Greenland halibut was
identified in one stomach. Other prey items as worms, echinoderms and cepha-
lopods had little importance as food for redfish.

Stomach fullness:

The proportion of stomachs identified as empty among the periods varied
between 14.5 and 33.3%, To study the variation in total stomach content
between sampling pericds and depths of sampling, fish between 5 and 20 cm
were selected and the mean total fullness index (TFI) was calculated for each
sampling staticn. Only stations with at least 10 fish investigated were
selected. An one-way ANOVA shows no significant (F=0.55, P=0.50) difference
between sampling periods neither did an one-way ANCVA for difference between
100 m depth zones (F=0.,22, P=0.92). This indicates that the variation in TFI
is greater between sampling stations than between pericds and between depth
zones.

Predatcr size influence:

The total fullness index (IFI) of fish collected during surveys in July
and Auquat are lowsr For fish betwson 10-14 cm compared to the obhorn slze
groups (Fig. 2). TF1 of fish collected during the survey in early November
are generally lower than TFI calculated for fish from the summer surveys.
From the partial fullness indices it is seen that Pandalus borealis gradually
become more important as prey with increasing predator size. Contrary
hyperiids, Parathemiste sp. and other small crustaceans a.o. copepods
gradually become less important as prey with increasing predator size, In
stomachs collected in early November Copepods, Mysiids and Parathemisto sp.
are the most important prey for the small redfish between 5-189 cm, but zlso
Sebastes spp. is important prey.
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Weight of shrimps in total population stomachs;

Mean weight of shrimp (Pandalus borealis) in the redfish stomachs in 5
cm groups were calculated from the tetal material, as no significant
difference between sampling period could be seen, Unidentified crustaceans
have been allocated to the shrimp category in proportion to the weight of
identified shrimp {(Pandalus borealis) relative to other crustaceans. Based on
redfish catches during the shrimp survey, July/August 1990, the abundance of
redfish by 5 cm groups was estimated for the area shown in Fig. 1 (Pedersen
and Kanneworff, 1991) and the total weight of shrimp in the stomachs was
estimated to about 672 tons (Table 3).

J

ISCUSSION

It

Cur investigation has been concentrated on the shrimp grounds and the
estimated food composition may not be representative for redfish in the hele
area of distribution off West Greenland. The most important prey items in
stomachs from small redfish (5-24 cm) collected on the shrimp grounds around
St. Hellefisk Bank in 1390 were planktonic¢ crustaceans - copepods, mysiids,
hyperiids (Parathemisto) and euphausiids. With increasing predator size
copepods, mysiids and hyperiids gradually becomes less important prey while
first euphausiids and then shrimps especially Pandalus borealis became most
important. Fish prey mainly Sebastes spp. was only important prey in stomachs
from small redfish (10-14 c¢cm) collected in early November.

According tc Konchina (1983) who studied feeding of redfish in areas off
Baffin Land and South Labrador §. mentella possess a high plasticity in their
feeding. In these areas young 5. mentella feed mainly on euphausiids, small
crusiaceans, Squids Gonatus fabricii, hyperiids and fish. With increasing

_predator size fish and shrimps became move important in the diet. For redfish

in the Flemish Cap ecosystem Konstantinov et al. (1985) fcund that the main
food items of 5. mentella were plianktonic invertebrates {copepods, amphipods
and euphausiids), which wers significant in most months of the year but were
dominant during summer {(June-August}). On the average, shrimps were less
significant as food, but they occurred more frequently than the other
components in April-May and December.

In Icelandic waters euphausiids and copepods especially Calanus sp. are
the dominating prey for redfish, with fish prey occurring in all seasons
predominantly in the largest predator length groups (Palsson, 1983). Accor-—
ding to Palsson (1983) zooplanktoenic prey provide the bulk of the food of
redfish in Icelandi¢ waters and redfish should therefore be classified as
"pelagic" rather than “"demersal" as usually done, Investigating the feeding
habit of redfish in East Greenland waters in October 1985, Magnisson and
Palsson (1988) found marked differences compared to redfish in Icelandic
waters. The maln difference was the high frequency of fish (Sebastes sp. and
Myctophidae) in East Greenland waters. In 1985, the Icelandic abundance index
of 0—group redfish was high in East Greenland area and Magnisson and Palsson
{1988) therefore assume that 0~-group redfish have been well available as food
for cod and redfish. They conclude that O-group redfish probably is of major
importance to both cod and redfish as food component in this region in
autumn/early winter months. Further studies of the feeding habits of redfish
in Fast Greenland waters have been.done in 1987 and 1989 by Magniasson et al.
{1988 and 19%0). In 1989 they found that plankton was by far the most
important food component for young redfish (<14 cm) with the euphausiids,
Meganvctiphanes norvegica ranking top. For both Sebastes marinus and §.
mentella nekton gains on importance for species larger than 15 cm. Shrimps
and benthos was of minor impertance to both species, but became a noticeable
part of the diet of the larger 5. mentella.

Comparing the feeding habits of redfish in our investigation with
feeding habits of redlish in the above mentlioned lnvestigations off Baffin
Land and Soutl Labrador, in Icelandic and East Greenland waters there is some
marked differences. The main differences are the high freguency of
Parathemisto sp. 8.5-51.0% (mainly in small redfish stomachs, <1%cm} and the
high percent weight of Pandalus borealis in June and July, 32.4 and 48.3%
(mainly in larger redfish stomachs). Gur findings on feeding habits of
redfish from West Greenland have some similarities with findings by
Konatantinov et al. (1985) on Flemish Cap.
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The increased importance of Sebastes sp. in the diet of small redfish
(length group 10-14 cm) in early November is probably caused by an increased
abundance of 0-group redfish recruited from breeding areas in the Irminger
Sea Southwest of Iceland, In September-November pelagic redfish fry prokably
age 0+ {length: 40-68 mm) have been ocbserved drifting northward from Kap
Farvel along the West Greenland coast in large quantities (Zakharov, 1966;
Pedersen, 1990; Wieland, 1991}, Since the 19%20’s no breeding of redfish have
been obsgserved off West Greenland, and it is assumed that the redfish
populations in West Greenland waters are recruited from breeding areas in the
Irminger Sea southwest of Iceland (Zakharov, 1966; Anon., 1984; Pavliov et
al., 1989; Anon., 199%0; Magnusson et al., 19%9%0). We assume that newly
recruited O-group redfish probably is of major impertance to redfish and
Greenland halibut as food component in the West Greenland shelf area in

autumn/early winter months. However, this aspect should be further in-
vestigated. :

The proportion of empty stomachs of the samples analyzed in the
laboratory were between 14.5-33.3% and close to the findings by Konstantinov
et al. (1985) and Magnusscn et al. (1390). The mean total fullness index of
stomachs were in our investigations high compared to findings by Konchina
{1983) and Konstantinov et al. (1985), who found the points of the stomachs
fullness for 5. mentella were not higher than 1.5 in the most intensively
feeding period in spring-summer, decreasing in winter.

Based on the abundance estimate of redfish from the shrimp survey in
1990 in the area shown in Fig. 1 the weight of shrimp found in the stomachs
was estimated to about 672 tons. This value must be loocked at with great
caution, not only is there variability in data of the stomach content also
the abundance of redfish is estimated with uncertainties. Variations between
years must be expected of that reason alone that the abundance of redfish
variate. In 1990 the estimated zbundance of redfish off West Greenland was
lower than for 1988 {(Pedersen and Kanneworff, 19%1}.

In order to give a rough idea of the annual consumption of shrimp
(Pandalus borealis) by redfish it is necessary to make several assumptions.
These assumptions are the same as made by Bowering and Lilly (1990) in
calculation of the annual consumption ¢f c¢apelin by Greenland halibut.

1) The number ¢f redfish as estimated by the shrimp survey is constant from
June to December.

2) The period of feeding on shrimp is one half year.

3} No dial pattern of stomach.fullness.

4) The ratio of daily ration is 0.48 of the mean stomach content.

The annual consumption of shrimp under the above assumptions can be
calculated to 59,000 tons. This value should be compared with the estimated
bicmass of shrimp stock for the area of 132,000 tons (Carlsson and
Kanneworff, 199%1).

Small redfish less than about 24 ¢m seems to feed mainly on planktonic
food but as the redfish grow there seems to be a switch in their feeding
habit from planktonic food to the mainly benthic living prey - shrimp. Due to
their high abundance redfish seems to eat a significant part of the shrimp
stock and might therefore compete with the commercial shrimp fishery for
shrimps. A significant part of redfish is eaten by Greenland halibut ({(Riget
and Pedersen, 1991). We conclude that the food links between shrimps, redfish
and Greenland halibut seems to be of major impertance on the West Greenland

shrimp grounds, and these food links should therefore be further investigated
in the future.
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Tabel 1. Number of Redfioh otomachs analysed for food by pradator length groups and sampling pericds. in
1990,

"Shinkai Maru™ - "Manitsoq” "Pogeldon” "Walter Herwig™
bottom trawl survey . shrimp survey bottom trawl survey bottom trawl survey
date . 20-22.6 19-30.7 30.7-4.8 6-8.11
depth, m. 444-541 262-528 86-355 300-512
cm.
5-9 : 4 33 69 . 17
i0-14 5 100 81 87
15-19 12 : 85 1 49
20-24 3 is ) 1
25-29 . 6
30-34 4 3
35-39 3
40-44 1
_ Total 29 248 151 _ 154
% empty 33.3 14.5 19.9 33.1
number of 4 15 5 3

stations




Table 1.
sha food compomition of Radfish

sampling periad{month)
rniychletn
echincdermata
cephalopoda

crustaces (total)
Copepoda
Hysidacea
Hyperiidea
Parathemiatn wp.
other Amphipoda
Euphauslacaa
Natantia
Pandalus borealis
Otherpsunidenti fiad
unidentifisd

tiscas {total)
Schawtes ap,
Othars
Unidantifiad

unidenttified

Total

gaught off Bt. lellafisk Hanke during 19%0

1a.
10,
25.

Occurrsnce |X)

7 T oym
2.0 n.7
0.4

0.8
BS.1 #3.8
39.9 9.3
12.3
50.4 51.0
6.0 - 0.7
12.5 i7.0
5.2

4.8
0.6 27.2
4.

0.4

4.0 Q.7

11

Table 3. Contents of shrimp
Length Mean weight
{em) of shrimp (g)
5-9 0

10-14 0.09

15-19 1.22

20-24 4.14

25-29 8.95.
30-24 10.27

35-39 3.65

40-44

Total

oD e
O R

96,

24.

48,
16.

Walght (%)
k) 7/8
o. 0.1
=
97. 99.8
4. 1.8
1.
io. 17.3
i, 0.1
23, 1.9
3z,
.
6. 8.7
2.
2. 0.1

11 [
0.6
0.1 I
a.s x
55.4 0.44
4.8
26.5 a.07
9.1 0.04
0.2 . 0.a1
5.0 0.08
0.1%
[+ x]
12.3 0.C8
2.0, 0.01
21,3
0.1
0,86 0.01
0.5
0.4%

in stémachs of redfish by 5

" Abundance
('000)

95039
123606
79060
26907
27277
16708
10369
6242

385208

.18
o.14
0.5
0.03
0.6%
a,23
0.11
0.28

2.06

.34

cm length groups.

Total weight of
shrimp in
population (kg)

0
11125
96453
111395
244129
171591
37847

672540
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