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INTRODUCTION

Northern shrimp Pandalus borealis is targeted by
commercial fisheries and is also of great importance
as prey in the marine food web. Various fish species,
mammals, sea birds and invertebrates, feed on
shrimp (Parsons 2005). Demersal fishes, especially
Atlantic cod Gadus morhua, are important predators
on northern shrimp throughout Atlantic waters (Ste-
fánsson et al. 1998, Berenboim et al. 2000, Sousa et al.
2006, Fraser et al. 2008, Campbell et al. 2011). Close
linkage has been described between northern shrimp
and cod, and predation can have strong effects on the
development of shrimp stocks (Worm & Myers 2003).
The biological interactions between gadoids and
northern shrimp are, however, poorly understood.
Valuable information into the stock dynamics may be
gained by comparing predation between areas.

Predation by cod on demersal stages of northern
shrimp has been well documented in various geo-

graphical areas (Albers & Anderson 1985, Magnús-
son & Pálsson 1989, Lilly et al. 2000). These stu -
dies have demonstrated the importance of northern
shrimp in the diet of cod, but have also noted that the
contribution by northern shrimp to the cod diet can
vary greatly with area (Rose & O’Driscoll 2002), time
of year (Pálsson & Björnsson 2011) and size of cod
(Albers & Anderson 1985, Berenboim et al. 2000).
The consumption of northern shrimp by cod can also
be quite variable over years (Mehl 1989, Pálsson &
Björnsson 2011), and sometimes it may represent a
greater source of mortality than commercial fishing
pressure (Savenkoff et al. 2007).

Northern shrimp are considered to represent local-
ized populations in inshore and offshore Icelandic
areas, with genetic differences and limited connec-
tivity during adult stages (Jónsdóttir et al. 1998). In
the 1980s and 1990s northern shrimp was one of
the most important commercial species in Icelandic
waters. However, in the past 15 yr the northern
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shrimp populations have declined and most of the
inshore populations have collapsed (Anonymous
2010). Northern shrimp fishing is regulated by area-
specific total allowable catches, which are deter-
mined based on results from annual surveys. Due to
a poor state of the stocks, all but 2 inshore areas
around Iceland are now closed for northern shrimp
fishing. The northern shrimp resource in the offshore
area north/northeast of Iceland was not as severely
impacted as were the inshore resources, but it did
experience major depletion after 1996, following a
rapid increase in cod biomass in the northern shrimp
grounds.

In this study we compare the diet of cod between
inshore and offshore areas of Iceland. To evaluate
the potential effect of predation by cod on northern
shrimp populations in different habitats, stomach
contents of cod were compared between an inshore
area (Ísafjardardjúp, northwest of Iceland) and the
offshore shrimp fishing area north/northeast of Ice-
land. Data were available from northern shrimp sur-
veys from 1999 to 2010, allowing both annual and
spatial comparisons.

MATERIALS AND METHODS

The data used in the present study were
 collected during annual shrimp surveys of both
inshore and offshore areas. The purpose of the
surveys was to provide an index of the overall
northern shrimp Pandalus borealis stock biomass
to inform fishery management. The standardized
surveys have been conducted every year since
1988, whereas cod Gadus morhua stomach exam-
ination has only been conducted since 1998 and
1999 in the offshore and inshore areas, respec-
tively, and so only data since 1999 were used in
this study.

The inshore area chosen for this study, Ísafjar-
dardjúp, is the largest fjord on the Westfjord
peninsula in the northwest of Iceland (Fig. 1). The
fjord is 75 km long, and the width at the mouth is
approximately 20 km. The depth in the middle of
the fjord is 110 to 130 m, but closer to the coast it
is about 40 to 60 m. Ísafjardardjúp does not have a
sill near the mouth, and the water exchange into
the fjord is fairly unrestricted. During Septem-
ber and October, the survey utilizes a standard
shrimp bottom trawl of 1000 meshes in standard
tows of 2 nautical miles, during daylight hours
only, at a tow speed of 2.0 to 2.2 knots. The
codend has an open mesh size of 37 mm (42 mm

whole mesh size). The distance between the wing
ends is 14.7 m, and the mean (±SD) vertical opening
is 4.6 ± 0.3 m. In order to sample fish of all size
classes, a  sorting grid is not used. The survey in -
cludes 54 fixed stations annually at 39 to 155 m depth
(Fig. 1). In 2006, 2009 and 2010, the sampling was
reduced to 28 to 31 stations.

The offshore survey takes place in July to August
(starting in June in 2004) north, northeast and east of
Iceland at depths ranging from 200 to 700 m (Fig. 1).
The survey trawl is a standard shrimp bottom trawl of
1400 meshes, towed during daylight hours only, at a
speed of 2.1 to 2.3 knots. The codend has a diamond
mesh, with a mesh size of 37 mm open mesh (whole
mesh size is 40 mm). The distance between the wing
ends is 17 m, and the mean (±SD) vertical opening is
6.0 ± 0.4 m. Approximately 190 stations were sam-
pled each year from 1999 to 2005, but only 92 fixed
stations have been sampled annually in more recent
years (Fig. 1). Despite reduced coverage the overall
survey area has remained unchanged. Tow length
was reduced from 1.5 to 2.5 nautical miles from 1999
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to 2003 to between 1.5 and 2.0 nautical miles in sub-
sequent years. In order to sample fish of all size
classes a sorting grid is not used.

Sea bottom temperature is determined at each sta-
tion using a pre-calibrated trawl sensor (Scanmar)
attached to the trawl headline. Sea bottom tempera-
ture was not determined in 2006 in the inshore area
due to failure in the equipment. Each study area was
divided into several sub-areas based on northern
shrimp distribution. The northern shrimp stock bio-
mass index was calculated using the sum of the mean
biomass estimates per square kilometre, which was
calculated for each sub-area using the swept-area
method described by Sparre & Venema (1989).

When available up to 5 Atlantic cod (>15 cm) were
randomly sampled at each station for detailed analy-
sis onboard. Total length (TL) of each cod was meas-
ured to the nearest centimetre, whole and gutted
weight recorded, and otoliths removed for age deter-
mination. The stomachs were cut open, and the con-
tents were macroscopically identified with all prey
items classified to the lowest taxonomic level possi-
ble. To avoid possible bias from fish swallowing food
items in the trawl, any prey items not displaying
signs of digestive action were discounted. The num-
ber of individuals of each prey type was counted, and
their wet weights were measured to the nearest
whole gram. Data were reduced to 7 prey categories
or groups, including the most prominent prey spe-
cies, northern shrimp Pandalus borealis, northern
ambereye Hymenodora glacialis and capelin Mallo-
tus villosus. Other prey types were pooled
into 4 main groups: (1) fish, (2) other shrimps,
(3) euphausiids, and (4) all other prey types
including other crustaceans, echinoderms,
annelids, molluscs and unidentified items.
The weight of each prey group was ex -
pressed as a percentage of the total weight
of the stomach content. Furthermore, the
mean total stomach fullness (TF) was calcu-
lated as:

and the mean shrimp stomach fullness (SF)
as:

where N is the total number of fish, Wf is the
total stomach content weight from each fish,
Wif is the weight of northern shrimp from
each fish and TLf is the total length of cod in

centimetres (Nielsen & Andersen 2001). The stomach
fullness data were not normally distributed, and the
values were not normally distributed after natural-
log transformation of the data. Therefore, a non-
parametric test, the Kruskal-Wallis test, was used to
test for differences in mean stomach fullness (TF and
SF) among years for both inshore and offshore areas.

RESULTS

Biomass trends

The northern shrimp Pandalus borealis biomass
index in the inshore area decreased continuously
from 1990 to 2004, while it increased in the offshore
area until 1996, after which it declined (Fig. 2). High
indices in 1990 and 1996 in the inshore and offshore
areas, respectively, could be due to year-effects. In
both areas, the indices declined sharply after 2001
and reached historically low levels in 2004. The pop-
ulations recovered slightly in the following years,
and, while the offshore population has been rela-
tively stable in the past 5 yr, the inshore northern
shrimp biomass index was again very low in 2009
and 2010 (Fig. 2).

The density index, based on catch rate of cod
Gadus morhua (number of cod caught per trawling
hour) was calculated separately for small (≤15 cm)
and large cod (>15 cm). The density of small cod was
much higher in the inshore than the offshore area,
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where they were almost absent (Fig. 3A).
The density of small cod in the inshore area
varied without trend from 1988 to 2000, but
it has been very low since 2001 (Fig. 3A).

The density of large cod was very low in
the offshore area from 1988 to 1995, but was
generally higher from 1996 to 1998 in both
areas (Fig. 3B). This was followed by 2 yr of
low catch rates before large cod density
again increased; since 2003 it has remained
much higher than between 1988 and 1995
(Fig. 3B).

Diet composition

Cod in the inshore area was on average
smaller (mean length: 23.5 cm) than in the
offshore area (mean length: 56.6 cm). Stom-
ach content was not analysed in small cod,
and the mean length of cod used for stom-
ach analysis was 44.1 and 62.6 cm in the
inshore and offshore areas, respectively.

From 1999 to 2010, a total of 2062 and 4859 cod
stomachs were examined in the inshore and offshore
areas, respectively. The percentage of cod with empty
stomachs (Table 1) was higher in the inshore area
(15 to 34%) than in the offshore area (6 to 17%).

The stomach contents were quite variable, with 65
and 105 prey items identified in the inshore and off-
shore areas, respectively. There were 3 main prey
groups for inshore cod and 4 main groups for offshore
cod (Fig. 4). For inshore cod, the main prey group was
fish, including cod, haddock Melanogrammus ae-
glefinus, snake blenny Lumpenus lampretaefor mis,
spotted snake blenny Leptoclinus maculates and her-
ring Clupea harengus. The second main prey group
was northern shrimp, and the third main prey group
was euphausiids. An obvious shift in prey  preference
of inshore cod was observed in 2006, when the main
prey group became northern shrimp and at the same
time the proportion of various fishes decreased (Fig. 4).
The main prey group for offshore cod (as for inshore
cod) was fish, including Lum penus spp., Lycodes spp.
and long rough dab Hippo glossoides platessoides.
The second main prey group was capelin, and the last
2 main prey groups were the 2 shrimp species, north-
ern ambereye and northern shrimp.

The TF values for both inshore and offshore cod
differed significantly among years (Kruskal-Wallis
test; p < 0.001) and were generally inversely related
(Fig. 5A). The TF for inshore cod declined from 1999
to 2003 and has since been highly variable. The TF
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n Empty cod Northern shrimp in 
stomachs (%) cod stomachs (%)

Inshore
1999 78 30.8 48.7
2000 164 34.1 22.0
2001 178 20.2 37.6
2002 151 19.2 28.5
2003 165 33.3 29.7
2004 253 28.5 29.6
2005 248 31.0 20.6
2006 115 23.5 33.9
2007 208 15.9 48.6
2008 234 15.4 52.6
2009 133 24.8 35.3
2010 135 22.2 49.6

Offshore
1999 422 5.7 61.8
2000 338 12.7 53.8
2001 253 8.3 57.3
2002 351 7.4 63.2
2003 724 11.5 56.8
2004 552 12.5 53.4
2005 514 15.4 38.9
2006 367 7.6 45.5
2007 305 15.1 47.2
2008 350 15.7 41.7
2009 340 17.1 40.6
2010 343 14.6 41.1

Table 1. Gadus morhua and Pandalus borealis. Number of
cod sampled in the inshore and offshore northern shrimp ar-
eas each year. Percentage of cod observed with empty stom-
achs, and percentage of cod observed with northern shrimp 

in the stomach



Jónsdóttir et al.: Predation of cod on northern shrimp

for offshore cod showed clear differences between 2
periods (Fig. 5A). It was much higher than for inshore
cod from 1999 to 2003. However, it decreased sharply
in 2004 (when the TF for inshore cod increased
sharply) and has remained at its lowest level since
2006 (Fig. 5A).

An inverse relationship in SF was also
observed between inshore and offshore
cod (Fig. 5B). SF increased in the in -
shore, but decreased in offshore cod
(Fig. 5B). Hence, from 2000 to 2003,
the SF was higher in offshore cod, but,
since 2004, it has been consistently
much higher (and more highly variable)
in inshore cod.

Higher percentages of cod included
northern shrimp in their diet in the off-
shore area (39 to 63%) than in the
inshore area (21 to 53%) (Table 1). The
percentage of cod stomachs containing
northern shrimp did not change signifi-
cantly with increasing cod length in
the inshore area (r2 = 0.0089, p = 0.405;
Fig. 6A). It did, however, increase sig-
nificantly with increasing cod length in
the offshore area (r2 = 0.302, p < 0.001;
Fig. 6A). The percentage by weight of
northern shrimp in the cod diet de -
creased significantly with increasing
cod length in both inshore and offshore
areas (inshore: r2 = 0.501; offshore: r2 =
0.766; p < 0.001; Fig. 6B).

The relationship between the number
of cod caught per hour and the shrimp
biomass index was not clear in either
the inshore or offshore area (Fig. 7).
High cod density did, however, appear

to be related to shrimp biomass in both areas. Above
average cod catch rates tended to be associated with
below average shrimp biomass levels (Fig. 7). In con-
trast, when cod catch rates were below average, it
was equally likely that the shrimp biomass would be
below or above average (Fig. 7). Negative effects of
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predation on prey biomass are often observed with a
lag of 1 yr, but the relationships described here did
not become clearer when the shrimp biomass index
was compared with the cod catch rate in the previous
year.

DISCUSSION

Prey composition

The main prey types of cod Gadus morhua differed
between the 2 areas, but it is common to see diet dif-
ferences between areas (Lee & Khan 2000, Rose &
O’Driscoll 2002). Fish size is the most likely candi-
date factor for explaining the variation in the diet of
Icelandic cod (Jaworski & Ragnarsson 2006). The
most important prey types included northern shrimp
Pandalus borealis, fish and euphausiids in the
inshore area, as opposed to capelin Mallotus villosus,
other fish species, northern ambereye Hymenodora
glacialis and northern shrimp in the offshore area.
Differences between areas in relative importance of

the principal prey types was likely
due to differences in cod size, with
small cod in the inshore area feeding
on smaller prey, such as euphausiids,
while larger cod in the offshore area
prey more heavily on large prey types
such as capelin. Euphausiids are
known to be of greater importance to
small than to large cod (Dalpadado
& Bogstad 2004, Pálsson & Björnsson
2011). In the inshore area, euphausi-
ids were found in dense groups, a pat-
tern also observed in a nearby fjord,
where euphausiids were an important
food source for cod (Björnsson et al.
2011).

Prey types are of variable quality,
and food of low quality may nega-
tively influence growth, condition
and reproductive potential of the fish
(Rose & O’Driscoll 2002). Although
cod may be considered opportunistic
feeders, they do exhibit distinct prey
preferences, and the results of this
present study showed indications of
selective feeding. From 2006 to 2010,
a relatively high biomass of large cod
was observed in the inshore area. At
the same time, a low percentage of
fish (other than capelin) was found in

cod stomachs, and high SF was observed despite low
shrimp biomass. This could indicate that cod selec-
tively preyed upon northern shrimp when cod den-
sity was relatively high and the preferred fish prey
was unavailable. In the offshore area, cod seemed to
select for capelin and northern ambereye. Capelin is
one of the most important prey for cod, and cod liver
condition is related to capelin availability (Rose &
O’Driscoll 2002). Northern ambereye is a deep-
water, lipid-rich shrimp, with total lipids represent-
ing about 44% of the dry mass, which they accumu-
late to survive periods of low food supply (Kreibich et
al. 2010). Hence, northern ambereye is an energy-
rich food item. For comparison, total lipids of north-
ern ambereye are twice as high as in northern krill
Meganyctiphanes norvegica (Kreibich et al. 2010).
Northern ambereye is not very abundant in the off-
shore survey. However, cod are observed with full
stomachs of northern ambereye, indicating selective
feeding by cod. As northern ambereye is not found in
high abundance in the offshore survey, cod feed on
them either in the water column or at greater depths
than those sampled in the survey. The reason for the
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high frequency of occurrence of euphausiids in cod
stomachs, despite their relatively low lipid content,
could be that euphausiids are found in dense patches
and little foraging time and energy is used for
 hunting.

The cod diet generally reflects prey availability,
and the overlap between cod and its prey is reflected
in the diet. Therefore, cod may be categorized
as opportunistic feeders. In 2004, there were some
changes in the offshore area; a high proportion of cod
had empty stomachs, and the TF decreased sharply.
At the same time, the proportion of fish (except
capelin) decreased in cod stomachs and the propor-
tion of other prey types increased. Comparison of the
diet of northwest Atlantic cod with prey distribution
has shown that most major prey species were con-
sumed when they were abundant and their distribu-
tion overlapped with that of cod (Link & Garrison
2002). As the diet of predatory fishes partly reflects
the prey availability in the area (Fahrig et al. 1993),

changes in diet composition may indi-
cate shifts in distribution and/or abun-
dance of prey species. The observed
changes in the present study, along
with the fact that northern shrimp bio-
mass was at historically low levels in
2004, may indicate some changes in the
ecosystem north of Iceland during this
time.

Prey consumption

Two factors, cod size and sea temper-
ature, are most important when com-
paring prey consumption between the 2
study areas. Cod inhabiting the 2 areas
were of different size classes. Small cod
were most common in the inshore area,
while cod were larger in the offshore
area. The inshore area is a known nurs-
ery area, while various offshore and
inshore areas are feeding areas. The 2
areas, therefore, play different roles in
the life history of the cod. Even though
the proportion of cod consuming north-
ern shrimp increased with increasing
fish length (in the offshore area), the
importance of northern shrimp in the
diet of cod decreased with length in
both areas. These results are in accor-
dance with earlier studies in Icelandic
waters (Pálsson & Björnsson 2011), the

Barents Sea (Berenboim et al. 2000) and Pavlof Bay,
Alaska (Albers & Anderson 1985). That does, how-
ever, not necessarily mean lower consumption of
northern shrimp by large than by small cod, as large
cod have a greater total consumption than small cod
and may therefore consume more shrimp. Further,
large cod (>35 cm TL) is the main predator on north-
ern shrimp in Icelandic waters (Jaworski & Ragnars-
son 2006), and, before the collapse of the northern
Gulf of St. Lawrence cod stock, large cod was also the
main predator in that area (Savenkoff et al. 2007).
Stomach examination was not conducted for small
(<15 cm TL) cod in this study, but other studies have
shown that northern shrimp is not an important prey
type for such small cod in other areas (Lilly et al.
2000, Dalpadado & Bogstad 2004).

There are substantial differences in bottom tem-
perature between the 2 areas, with annual  near-
bottom temperatures ranging from 0.4 to 1.8°C in the
offshore area and 6.8 to 9.1°C in the inshore area.
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Due to the inflow of the cold water masses of the East
Greenland Current, the area north and northeast of
Iceland is the coldest around the country (Stefánsson
1962, Malmberg & Valdimarsson 2003). Consump-
tion may be significantly different between areas due
to the different temperature regimes. The rate of
handling, eating and digesting a meal increases with
temperature (Wootton 1998, Grigoriou & Richardson
2008), escalating the energy demand in areas with
high temperature. Furthermore, experimental stud-
ies have shown that the stomach evacuation rate and,
hence, consumption, increases with temperature (dos
Santos & Jobling 1991). Consumption is therefore
expected to be lower in the offshore area than in the
inshore area. Little change in bottom temperature
has been observed in the offshore area, but it did
increase in the inshore area during the study period,
leading to increased food requirements in recent
years. Furthermore, laboratory experiments have
demonstrated that gastric evacuation of small cod is
faster than that of large cod when fed similar-sized
meals relative to their body weight (dos Santos &
Jobling 1995). This would suggest a greater food re -
quirement and greater consumption per body weight
for inshore than for offshore cod.

Effects of predation by cod on northern shrimp

In this study the predation by cod on northern
shrimp was studied in 2 different areas off Iceland.
Even though some of the main prey groups differed
between the 2 areas, northern shrimp was one of the
major prey types of cod in both the inshore and off-
shore areas. Low northern shrimp biomass has been
evident in both areas in recent years, while cod den-
sity has remained high, implying that predation by
cod had a negative effect on northern shrimp bio-
mass.

Given the importance of northern shrimp as prey
for cod, top-down control might be expected. The
results of the present study suggest that cod had an
adverse effect on northern shrimp abundance in both
areas, as northern shrimp biomass was more likely
to be below average in years when cod abundance
was above average. The impact of cod predation on
northern shrimp populations has been ambiguous.
Several studies have suggested that cod control
shrimp populations (Berenboim et al. 2000, Worm &
Myers 2003), and the abundance of northern shrimp
has been noted to increase markedly following the
collapse of demersal fish populations, such as on the
northeast Newfoundland shelf (Lilly et al. 2000) and

in Greenland (Hamilton et al. 2003). In the Gulf of
Alaska, cod predation has played a role in keeping
the reduced shrimp stocks from rebuilding (Albers &
Anderson 1985). Consumption by cod has also been
noted as the main cause of shrimp mortality in the
Gulf of St. Lawrence (Savenkoff et al. 2007), and a
positive relationship was found between northern
shrimp consumption by cod and shrimp biomass in
Icelandic waters (Pálsson & Björnsson 2011). How-
ever, other studies have demonstrated that shrimp
populations are not regulated entirely by cod preda-
tion (Lilly et al. 2000, Mueter & Norcross 2000).

Predation by other species

Northern shrimp is an important prey for other fish
species (Pálsson 1983, Parsons 2005), and the con-
sumption by cod is only a part of the total removals
by all predators. Greenland halibut Reinhardtius hip-
poglossoides is the most important bycatch in the
 offshore northern shrimp fishery in Icelandic waters
and is an important predator on shrimp (Haug & Gul-
liksen 1982, Solmundsson 2007). In the period from
1987 to 1989, a feeding study of Greenland halibut on
the offshore northern shrimp grounds revealed that
northern shrimp contributed 6% by weight to the
total diet (Solmundsson 2007). Another possibly
important predator that is common in the offshore
survey is eelpout Lycodes spp. In a study in West
Greenland waters, northern shrimp contributed
81.5% by weight to the total diet of eelpouts (Peder-
sen & Riget 1991). Furthermore, in a study from 1993
in the offshore area, >70% of the diet of the largest
eelpouts (L. eudipleurostictus and L. vahlii) were
shrimps, euphausiids and mysids (Valtýsson 1997). In
the inshore area, haddock Melanogrammus aegle -
finus abundance increased after 1997 (Skúladóttir et
al. 2001) and whiting Merlangius merlangus after
2001 (Anonymous 2010). Northern shrimp is not a
major prey type of haddock (Björnsson et al. 2011,
Pálsson & Björnsson 2011), but has been noted in the
stomach of both haddock and whiting.

Conclusions

The results of the present study suggest that cod
had an adverse effect on northern shrimp abundance
in both areas, as northern shrimp biomass was more
likely to be below average in years when cod abun-
dance was above average. Northern shrimp was a
more important prey type of cod in the inshore than
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in the offshore area, and in some years it represented
about 50% of the diet. Other important prey types,
such as capelin and northern ambereye, which cod
selectively feed on in the offshore area, were rare in
the inshore area. Higher temperature in the inshore
than offshore area implies a greater food require-
ment and higher consumption. Accordingly, cod is
likely to have a greater impact on northern shrimp in
the inshore than in the offshore area.

Although cod predation has an impact on northern
shrimp biomass, other factors, such as fishing (Saven -
koff et al. 2007), ocean climate variability (Wieland
2005, Ouellet et al. 2011), size of areas of suitable
habitat and larval transport (Koeller 2000) may also
be important factors in regulating shrimp abun-
dance. Further work is needed to evaluate how
northern shrimp may respond to changes in predator
abundances in relation to other factors, such as tem-
perature, other ocean climate variables, abundance
of other prey, and the distribution of predators and
prey.
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