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Abstract

Potential relationships between stock size of Northern shrimp (Pandalus borealis) and its main
predators, Atlantic cod (Gadus morhua) and Greenland halibut (Reinhardtius hippoglossoides), in
West Greenland waters were examined. Changes in spatial overlap between the species were taken
into account in the analysis of the impact of predator biomass on the survival of Northern shrimp
recruits. Survey estimates of total stock size of Northern shrimp were negatively correlated with
Atlantic cod biomass lagged by one and two years until the beginning of the 1990s. Thereafter, the
Atlantic cod stock in West Greenland offshore waters collapsed, but no immediate response of North-
ern shrimp to the released predation pressure was observed. Recruitment and subsequently stock
biomass of Northern shrimp increased first about 10 years later following a moderate increase in the
temperature conditions, which had likely enhanced plankton productivity. After a record high level
in 2000, survival of juvenile Northern shrimp, i.e. the number of recruits at age 2 per unit of spawning
stock biomass, decreased drastically. Statistical analysis suggests that increased predation by Green-
land halibut have overruled the positive effect of favourable temperature conditions in the most recent
years. In contrast, the impact of Atlantic cod on Northern shrimp was insignificant in the recent years
due to low Atlantic cod biomass and a very limited spatial overlap between the two species.
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Introduction

Northern shrimp (Pandalus borealis) is a protandric
hermaphrodite with a circumpolar distribution in the
northern hemisphere, changing to the female stage after
4-7 years as a male in West Greenland waters (Shumway
et al., 1985; Bergstrom, 2000). Northern shrimp feeds
on phytoplankton, detritus and small zooplankton and
serves in turn as an important prey for many fish spe-
cies. In relation to its trophic level, responses to changes
in both bottom-up and top-down processes have been
found (Fuentes-Yaco et al., 2007; Lilly et al. 2000).

Close linkages between populations of Atlan-
tic cod and Northern shrimp have been described for
various parts of the North Atlantic (Worm and Myers,
2003). Short-term responses, i.e. with time lags of less
than 2 or 3 years, of stock size of Northern shrimp to
changes in Atlantic cod biomass have been documented
in the Barents Sea and Icelandic waters (Stefansson et
al., 1998; Berenboim et al., 2000). Furthermore, it has
been concluded that the reduction in predation by At-
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lantic cod have contributed to the increase in Northern
shrimp biomass of Newfoundland and Labrador (Lilly e?
al., 2000), despite some uncertainty concerning the role
of other predators or environmental factors relevant for
bottom-up processes in the food web (Parsons, 2005a, b;
Frank et al., 2006). Greenland halibut have been identi-
fied as another important predators of Northern shrimp
in the North Atlantic (Pedersen and Riget, 1993; Orr and
Bowering, 1997; Grunwald, MS 1998; Parsons, 2005a),
but estimated consumption of Northern shrimp by
Greenland halibut were about 10 fold lower than those
computed for Atlantic cod in West Greenland waters
(Grunwald, 1998).

Considering the predator-prey relationship between
Atlantic cod and Northern shrimp found in various parts
of the North Atlantic, Hvingel and Kingsley (2006) de-
veloped a production model, which includes explicit cod
biomass and predation terms, for the Northern shrimp
stock at West Greenland, and this model has been adopt-
ed by NAFO and used since 2002 to assess and manage
the resource (NAFO, MS 2006).
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After some violent fluctuations during the 1970s and
1980s, Atlantic cod disappeared from West Greenland
waters in the beginning of the 1990s (Buch et al., 1994).
An indication for some recovery of Atlantic cod was
first found after 2003 when survey catch rates increased
slightly at Southwest Greenland (ICES, MS 2006). Indi-
ces of Northern shrimp stock size fluctuated during the
late 1970s and the early 1980s, were relatively stable
at a low level during the 1990s and increased to record
high values thereafter (Kingsley, MS 2006; Wieland and
Bergstrom, MS 2006). The increase in Northern shrimp
biomass was preceded by a couple of years with in-
creasing recruitment and it has been suggested that an
increase in sea temperature in the mid 1990s has been
beneficial for survival and growth of juvenile Northern
shrimp (Wieland, 2005a). While total biomass remained
high in the most recent years Northern shrimp began to
disappear from the southern areas, in which temperature
probably have exceeded the optimal level for this spe-
cies (3—6°C according to Shumway ef al., 1985), and re-
cruitment declined drastically in the main distributional
area without any further change in temperature (Wieland
and Bergstrom, MS 2006). The latter coincided with a
substantial increase of juvenile Greenland halibut bio-
mass (Siinksen et al., MS 2006), and some indication
was found that the increase in juvenile Greenland hali-
but biomass had a negative effect on the recruitment of
Northern shrimp (Wieland, MS 2004).

In the present study, possible relationships between
the stock dynamic of Northern shrimp and its two main
predators in West Greenland waters, Atlantic cod and
Greenland halibut, were explored. This was comple-
mented by an examination of a potential impact of the
two predators and on the reproductive success of North-
ern shrimp, which explicitly considered changes in spa-
tial overlap between Northern shrimp and Atlantic cod
and between Northern shrimp and juvenile Greenland
halibut.

Methods

Survey Information

Data from two different stratified-random bot-
tom trawl surveys were used in this study according to
their efficiency for the two target species. These were
a German groundfish survey conducted by the Institute
of Sea Fisheries Hamburg (ISH) annually in the autumn
since 1982 and a Greenland survey for shrimp and fish
carried out by the Greenland Institute of Natural Re-
sources (GNIR) annually in the summer since 1988.

The ISH survey covers the shelf area outside the
three nautical mile limit and the continental slope down

to a depth of 400 m between 67°00' N and 59°30' N
(Fig. 1) off West Greenland. However, the area between
64°15' N and 67°00" N has not been sampled every year
(1995, 2001-2003 and 2005 missing) and in 1995 only
3 stations were taken between 62°30' N and 64°15' N.
The fishing gear used has a vertical opening of about
4 m and the towing speed is 4 knots. The survey has pri-
marily been designed for Atlantic cod. It neither allows
representative estimates of Northern shrimp density nor
adequately covers the distributional range of Greenland
halibut (Fig. 2).

The GNIR survey for fish and shrimp covers the
West Greenland shelf between 72°30' N and 59°30' N
down to the 600 m depth (Fig. 1). The survey area has
been expanded through time and full coverage was first
attained in 1993. The fishing gear has a vertical opening
of about 14 m and the towing speed is 2.5 knots. The
trawl was changed in 2005 and due to the change in the
ground-rope from a bobbin chain to a rubber disc/bob-
bin rock-hopper gear, higher catches especially for small
groundfish were found (Siinksen et al., MS 2006). The
primary objective of the survey is to provide an estimate
of the fishable biomass of Northern shrimp, and the sur-
vey is considered to be less efficient for Atlantic cod, in
particular for the years prior to 2005.

Time Series of Stock Size

No analytical assessment for Atlantic cod off West
Greenland exists for the recent decades as the directed
offshore fishery stopped in the beginning of 1990s. Bio-
mass estimates (for age 3 and older) were available from
a traditional Virtual Population Analysis (VPA) for the
periods 1924 to 1989 (Buch et al., 1994) and the German
groundfish survey provides arca-aggregated biomass es-
timates (age 0 and older) since 1982. The average ratio
of survey to VPA estimates for the overlapping period
were close to 1 (mean = 1.003, s.e. = 0.22; Wieland and
Storr-Paulsen, MS 2004), which allows to combine the
VPA data (until 1989) and the survey estimates (since
1990) into one time series of stock size of Atlantic cod.

For Northern shrimp, two independent series of
stock size indices were used. The two series were a stan-
dardized catch per unit effort (CPUE) index from the
commercial fishery (Kingsley, MS 2006) and the total
biomass estimates from the Greenland survey for shrimp
and fish (Wieland and Bergstrom, MS 2006). Due to the
change of the survey trawl in 2005, the historical sur-
vey catches have been converted using length-dependent
conversion factors (Wieland, MS 2005b). However, this
conversion did not account for the larger swept area of
the new trawl. The average ratio of the swept areas of the
two trawls (mean = 0.8708, s.e. = 0.0075) from a trawl
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Fig. 1. NAFO statistical divisions and area coverage of the German ground-
fish survey and the Greenland survey for shrimp and fish off West

Greenland.

calibration experiment (Rosing and Wieland, MS 2005)
were applied here to adjust the biomass estimates for the
period 1988 to 2004 to the new standard trawl used in
2005.

For Greenland halibut, a biomass index derived
from the Greenland bottom trawl survey for shrimp and

fish was used. This index, however, comprises mainly
the juvenile portion of the stock as individuals larger than
60 cm are predominantly found at depths of more than
600 m, which are not covered by this survey (Jorgensen,
1997). The results from the trawl calibration experiment
for Greenland halibut are still being analyzed, and hence
the 2005 estimate was converted preliminarily to the old
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Fig. 2. Distribution of (A) Atlantic cod from the German survey, and (B) Atlantic cod, (C) Northern shrimp and (D)
Greenland halibut from the Greenland survey, in 2005.
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trawl standard using a size-dependent conversion of the
catches (Siinksen ef al., MS 2006) and an adjustment for
the smaller average swept area fished with the old trawl
(mean = 1.1516, s.e. = 0.0097).

Temperature Data

Surface layer (040 m) temperatures measured at
a standard oceanographic station on Fylla Bank were
taken from Ribergaard (MS 2006). For both, the German
groundfish survey and the Greenland survey for shrimp
and fish, area-weighted mean bottom water temperatures
were calculated from the temperatures measured on the
trawl tracks and the area of the corresponding survey
strata.

Comparison of spatial distributions

Geo-referenced survey data (biomass density per
tow) for Atlantic cod from the German groundfish sur-
vey and for Northern shrimp and Greenland halibut from
the Greenland survey for shrimp and fish were used to
examine the spatial overlap between the two species. A
geostatistical tool, the global index of collocation (GIC)
developed by Bez and Rivoirard ( 2000) for pelagic spe-
cies and used by Hendrickson and Vazquez (2005) for
demersal fish, was applied for this purpose. The GIC
is based on computing both the centre of gravity (CG)
and the inertia (/) of a population. The coordinates of the
centre of gravity are computed as:

CG=1

where u, is the longitude, v, is the latitude and z, is the ob-
served density at each sampling location i. The inertia is
a measure of the horizontal dispersion of the population
and is calculated as the mean squared distance between
an individual sample and the centre of gravity in surface

area units:
D (x -Gz

e

i

where x, is the position of an individual sample. An an-
nual GIC value is then computed as:

ACG?

GIC=1-—F7——
ACG” +1, +1,

where ACG? is the distance between the centres of grav-
ity of the two populations and /, and I, represents the
respective inertias.

The GIC is a spatial statistic ranging from 0, where
each population is concentrated on a single but differ-
ent location, to 1, when the two centres of gravity are
coincident. It is not influenced by the occurrence of
zero catches and does not assume a specific geometri-
cal shape of the species distribution, but requires that
the distributional range of the two species is sampled
with a comparable level of spatial integration (Bez and
Rivoirard, 2000). Ellipses of the inertia, which would
represent the main directions of the dispersion but not
the spatial distribution in itself as suggested in Hendrick-
son and Vazquez (2005), were not estimated in the pres-
ent study.

Female Spawning Stock Biomass and Recruitment of
Northern Shrimp

Horsted (MS 1978) summarized information on the
spawning period of Northern shrimp at West Greenland
noting that not all females became ovigerous during win-
ter of the same year and that the proportion of spawning
females varied between 20 and 90% in different areas
and years, but no relationship with temperature could be
established from his observations. Skuladéttir et al. (MS
1991) reported that Northern shrimp does not spawn
every year in Iceland offshore waters whereas the pro-
portion of egg bearing females during winter was about
95% in inshore areas at higher temperatures. A second
order polynomial regression was fitted to these data and
was used to calculate the proportion of mature females
in West Greenland waters for the years 1990 to 2005
(Fig. 3) based on the bottom temperatures observed there
(Fig. 4). The original survey estimates of female biomass
were then multiplied with the temperature-specific ma-
turity proportion in order to obtain a time series of the
female spawning stock. Recruitment indices for age 2
were obtained by modal analysis of regional length fre-
quencies for juveniles and males using the MIX 3.1A
software released in 1993 (MacDonald and Pitcher,
1979; MacDonald and Green, 1988). The regions for
pooling the original length frequencies were defined
considering latitudinal gradients in bottom temperature
(Wieland, MS 2004). No smoothing of the length fre-
quency histograms was applied prior to the analysis.
Initial estimates of the modes and the number of age
groups to be considered were obtained by visual inspec-



o)
(@)

-
o
o

o5 1 A.lceland
90
85 4
y=67.61+ 10.83x - 0.96x>
80

75 A

70

Proportion of egg bearing females (%)

65 — T T T T T T T T T T
-1 0 1 2 3 4 5 6 7
Average annual near-bottom temperature (°C)

-
o
o

B. West Greenland

©
a
1

90;
o5 -
80
75

70 A

Proportion of egg bearing females (%)

65 T—FT—T—T—T—T 7T T T T T T T T T T T
1990 1992 1994 1996 1998 2000 2002 2004 2006

Year

Fig. 3. (A) Proportion of egg bearing females of Northern
shrimp during winter (December) in relation to bottom
temperature at Iceland (based on Skuladottir et al., MS
1991), and (B) estimated proportion of spawning fe-
males of Northern shrimp at West Greenland based on
the regression obtained from the Icelandic data and the
observed bottom temperatures in the Greenland survey
for shrimp and fish (Fig. 4).

tion of the length frequencies. A constant coefficient of
variation for length at age was used in the MIX analysis
during a first run. However, because the first age group
was not well represented in many of the samples, since
a proportion of the larger males had already changed sex
and differences in growth between cohorts were likely,
varying coefficients of variation were finally used. Both,
female spawning stock biomass and recruitment from
the years prior to 2005 were adjusted to the new trawl
standard as described above.

Predator Effects on Recruitment

The number of recruits per unit of parental bio-
mass that produced the recruits is usually interpreted as
an index of survival and can be used as a measure the
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Fig. 4. Time series of sea temperature in the surface layer
(040 m depth, Fylla Bank) and in the bottom water at
<400 m depth from 59° 30'-67° 00' N and at 150—600
m depth from 59° 30'-72° 30' N.

reproductive success. Here, a lag of three years between
female spawning stock biomass and age 2 recruits was
used taking into account that the females found in a sum-
mer survey produce offspring that emerge as larvae first
in the following spring and are caught as age 2 in the
survey three years later.

In order to examine a potential impact of changes in
Atlantic cod and Greenland halibut stock size and distri-
bution on the survival index of Northern shrimp recruits
effective biomasses of Atlantic cod and Greenland hali-
but were calculated by multiplying the survey indices of
total biomass with the corresponding indices of colloca-
tion in the single years.

Correlation analysis

A non-parametric method, Spearman rank correla-
tion analysis, was used whenever a significant (P = 0.05)
deviation from normality was detected. This was the
case for the entire time series of Atlantic cod biomass
as well as the two indices of Northern shrimp stock size
(commercial CPUE and survey biomass), also after log-
transformation. Subsets of these data series, i.e. the last
nine years, and the biomass index for Greenland halibut
did not indicate significant deviation from normality,
which allowed the use of the parametric methods of lin-
ear regression and Pearson product moment correlation
analysis.

The data series showed significant (P = 0.05) auto-
correlation with lags of one and two years. To account
for the autocorrelation in the data the degrees of freedom
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in the correlation tests were adjusted according to Pyper
and Peterman (1998):

1 1 2 . .
= S Dy ()

J

where N* is the effective number of degrees of freedom
on the time series X'and Y, N is the sample size and r, (j)
and r(j) are the autocorrelations of X'and Y at lag ;. The
latter were estimated as:

> T

) -
(x,-X)
=1

t

where X is the overall mean. Following the recommen-
dation by Pyper and Peterman (1998) a maximum of N/4
lags were considered in the calculation of the effective
number of degrees of freedom.

Results

Temperature Conditions

Sea temperature in the surface layer was relative
high (=2°C) during most years in the 1970s and in the
second half of the 1980s (Fig. 4). These warm periods
were interrupted by a few years with low temperatures
(<0.5°C). Since the beginning of the 1990s, the surface
temperature showed an increasing trend towards a re-
cord high value recorded in 2005 (3.8°C). Similarly, the
area-weighted mean bottom temperatures from the Ger-
man groundfish survey revealed a warm period in the
late 1980s (=4°C) and increased during the 1990s from
less than 3°C to more than 5°C after 2000. The area-
weighted mean bottom temperatures from the Greenland
survey for shrimp and fish were lower than those from
the German groundfish survey as the latter is restricted to
the area south from 67° N. Here, the bottom temperature
showed first in the mid 1990s an increase from less than
2°C to more than 3°C, which suggests a slightly delayed
warming in the northern area.

Trends in Stock Size and Correlations

The biomass of Atlantic cod declined drastically un-
til the early 1970s (Fig. 5). Some recovery was observed
during relative warm periods in the late 1970s and early
1980s as well as in the second half of the 1980s. There-
after, Atlantic cod has almost been absent from West
Greenland offshore waters until a slight rise in stock bio-
mass began in 2001. The actual biomass of Atlantic cod,
however, amounts to less than 10% of the level seen in
the late 1980s.
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Fig. 5. (A) Time series of Atlantic cod biomass (VPA and
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bars refer to +/- 1 standard error), and (D) Greenland
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The standardized CPUE from the commercial fish-
ery for Northern shrimp was variable, but on average
moderately high during the last 1970s and the first half
of the 1980s (Fig. 5). It then fell to uniform lower levels
until the end of the 1990s, since when it has continuous-
ly increased to its present record high level. The survey
estimates of total biomass of Northern shrimp off West
Greenland showed little variation over the initial 10-year
period, but after a comparatively low level in the end
of the 1990s the biomass increased by a factor of three
within five years and remained thereafter at this record
high level (Fig. 5).

The biomass index for Greenland halibut increased
slowly but more or less continuously during the 1990s
(Fig. 5). Thereafter, the biomass estimates for juvenile
Greenland halibut doubled within three years and re-
mained on a relative high level in the last years.

Neither the standardized CPUE from the commer-
cial fishery for Northern shrimp (1976-2006) nor the sur-
vey estimates of Northern shrimp biomass (1988-2006)
showed significant correlation with the biomass of At-
lantic cod over the entire range of the time series whatev-
er time lag has been applied (Table 1). However, highly
significant (P <0.01) negative correlations between the
CPUE for Northern shrimp and Atlantic cod biomass
with time lags of one or two years were found when
excluding the period after 1991 or 1992, respectively
(Fig. 6), which indicates that the previous link between
Atlantic cod and Northern shrimp stock dynamics broke
down in the early 1990s. Any significant correlations
were obtained for these periods applying no lag or time
lags of 3 and 4 years. Between the survey estimates of
total stock biomass of Northern shrimp and Greenland
halibut no significant negative correlations were detect-
ed when time lags of 0—4 years were applied.

TABLE 1.
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Geographical Distribution and Spatial Overlap

The mean latitude weighted by the biomass densities
at the sampling locations were almost uniform around
62° N for Atlantic cod in the years before 1987 (Fig. 7).
Thereafter, mean latitude began to vary considerably un-
til a southward shift in the distribution is indicated in
particular since 2003. For Atlantic cod, the decrease in
mean latitude was also accompanied with a decline in
mean latitude, and resulted in 2005 in the most south-
eastern located centre of the distribution in the time
series. This distribution pattern was found in both, the
German and the Greenland survey (Fig. 2). The centre of
gravity of the biomass distribution of Northern shrimp
was in all years several degrees latitude further north lo-
cated than that of Atlantic cod, but showed a decreasing
trend during the 1990s (Fig. 7). During in the past four
years the distribution of Northern shrimp returned to its
initial pattern and in 2005 the mean latitude reached ap-
proximately 69° N, which is the highest value in the time
series at all (Fig. 7). The mean latitude of the distribution
of Greenland halibut was relative stable throughout all
the years ranging from 68—69° N (Fig. 7). The distribu-
tions of both, Northern shrimp and Greenland halibut
showed low variation in mean longitude ranging from
52-55° W (Fig. 7).

The GIC between Northern shrimp and Atlantic cod
fluctuated between 0.28 and 0.64 in most of the years
but declined from 0.38 in 2003 to 0.09 in 2005 (Fig. 7).
A similar trend was found using the data from the Green-
land survey for both species, and the distribution pat-
tern of Atlantic cod observed in the Greenland survey
in 2005 (Fig. 2) would give a GIC value for the overlap
with Northern shrimp of 0.08. For 2006, both surveys
indicate a small increase in the spatial overlap of the two
species with GIC values of about 0.2.

Correlation between standardized CPUE of Northern shrimp

from the commercial fishery and Atlantic cod biomass (N =31)
and between Northern shrimp survey biomass and cod biomass
(N = 19) for different time lags (r;: Spearman rank correlation
coefficient, N*: effective number of degrees of freedom, P*:

associated probability).

Shrimp CPUE vs Cod biomass

Shrimp biomass vs Cod biomass

Lag

(yrs) r, N* pP* r N* P*
0 0.003 12 >0.05 0.200 8 >0.05
1 -0.270 12 >0.05 -0.014 8 >0.05
2 -0.394 12 >0.05 -0.121 8 >0.05
3 -0.411 12 >0.05 -0.367 8 >0.05
4 -0.375 12 >0.05 -0.549 8 >0.05
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Fig. 6. Comparison of Northern shrimp CPUE from the com-
mercial fishery with Atlantic cod biomass for two dif-
ferent periods and time lags of (A) one and (B) two
years (P*: associated probability corrected for autocor-
relation with N* = 10 degrees of freedom).

The index of collocation between the Northern
shrimp and Greenland halibut was in general high than
that for Northern shrimp and Atlantic cod increasing
from 0.68 in 1997 and 0.99 in 2005 (Fig. 7), which was
mainly due to the northward shift in the distribution of
Northern shrimp in this period.

Survival of Northern Shrimp Recruits and Effective
Biomass of Predators

The female spawning stock biomass of Northern
shrimp was fairly stable during the 1990s, increased to
the highest value in the time series in 2003 and remained
at a level considerably higher than the long-term average
in the past three years (Fig. 8). The increase in female
spawning stock biomass was preceded by a couple of
years with high recruitment in the late 1990s, but there-
after recruitment decreased almost continuously (Fig. 8).
Low recruitment despite relative high female spawn-
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Fig. 7. Time series of survey biomass for Atlantic cod (Ger-
man groundfish survey), Greenland halibut and North-
ern shrimp (Greenland survey for shrimp and fish), for
(A) mean latitude and (B) mean longitude, and (C) the
global index of collocation (GIC) for Northern shrimp
and the two predatory species (dotted lines indicate
years with incomplete survey coverage).

ing stock biomass means a lower survival of juvenile
Northern shrimp before entering the fishery, which is
reflected by the drastic decline of the recruit per unit of
spawner biomass since 2001 (Fig. 8).
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No relationship between Northern shrimp recruit
survival and the indices of total survey biomass of
Atlantic cod and Greenland halibut was found. The same
result was obtained when using the corresponding indi-
ces of effective biomass for the entire available period of
observations, i.e. 19932006, as well as for Atlantic cod
in the last nine years when the Northern shrimp recruit
survival index showed the most pronounced changes
(Fig. 9). In contrast, a significant (P <0.05) negative cor-
relation between Northern shrimp recruit survival and
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Fig. 9. Comparison of Northern shrimp recruit survival in-
dex with biomass indices for (A) Atlantic cod, (B)
and Greenland halibut, adjusted for spatial over-
lap between Northern shrimp and the two preda-
tors (P* associated probability corrected  for
autocorrelation with N* =5 degrees of freedom).

the effective biomass of Greenland halibut emerged in
the years 1998 to 2006 (Fig. 9).

Discussion

In this study, potential relationships between stock
sizes of Atlantic cod, juvenile Greenland halibut and
Northern shrimp have been examined using correlation
analysis. If data series are strongly autocorrelated the as-
sumption of serial independence is violated and there is
a larger chance of concluding that a correlation is statis-
tically significant when in fact no correlation is present
(Pyper and Peterman, 1998). Most of data series used
in the present analysis contained positive autocorrelation
for time lags of one or two years. No attempts were made
to remove the autocorrelation, which would increase the
probability of failing to detect a relationship between
long-term, slowly changing environmental processes
when it is in fact there. Instead, the degrees of freedom
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were adjusted for the determination of the critical sig-
nificance levels according to the approach suggested by
Pyper and Peterman (1998).

The German groundfish survey covered the distribu-
tional range of Atlantic cod in West Greenland offshore
waters fairly well, despite of its the restriction to the
area south of 67°00' N in general and south of 64°15' N
in some years (ICES, MS 2006). The comparison with
the Greenland survey for fish and shrimp, which has a
much wider geographical extension towards the north,
indicates further that the main part of the Atlantic cod
distribution is sampled with a comparable intensity in
both surveys. The GIC for the spatial overlap between
Atlantic cod and Northern shrimp derived from the two
surveys were almost identical with those calculated
from the Greenland survey only since 2005, i.e. after the
change towards a more sufficient groundfish trawl in the
latter one. It is therefore concluded that basic assump-
tions for the application of the GIC were met and that the
findings concerning the recent changes in the geographi-
cal overlap of the two species are not seriously biased.

Responses of stock size of Northern shrimp to
changes in Atlantic cod biomass with lags of one or two
years have been documented in the Barents Sea and Ice-
landic waters (Stefansson ef al., 1998; Berenboim et al.,
2000). These time lags suggest that Atlantic cod feeds
in particular on shrimp stages smaller than those which
usually contribute the major proportion of survey esti-
mates of total biomass or commercial catches as reported
by Lilly et al. (1998) for the Labrador and eastern New-
foundland shelf area.

A significant impact of Atlantic cod stock size on the
biomass of Northern shrimp was detected until the be-
ginning of the 1990s, but thereafter the stock dynamics
of the two species were apparently no longer linked. The
Northern shrimp stock showed no immediate response
to the drastic decline of the Atlantic cod biomass and
the southward shift in its distribution. The long delay be-
tween the pronounced surge in Northern shrimp biomass
and the disappearance of Atlantic cod may suggest that
factors other than a release from predation pressure by
Atlantic cod have become more important in the last de-
cade. However, the impact of Atlantic cod may rapidly
become important again if the biomass increases and its
distribution reverse towards a larger spatial overlap with
Northern shrimp.

Both, the stock size of Northern shrimp and Green-
land halibut have increased since the late 1990s. It ap-
pears that both species might have benefited from higher
zooplankton productivity as this usually coincides with

an increase in temperature (Pedersen and Smidt, 2000;
Pedersen and Rice, 2002), which preceded the increase
in recruitment of both species (Wieland, 2005a; Siinksen
et al., MS 2006). In addition, the introduction of sorting
grids in the shrimp fishery in 2000 has likely contributed
to a reduction in bycatch mortality of juvenile Greenland
halibut (Siinksen et al., MS 2006).

So far, no correlation between the changes in the
indices of total survey biomass of Northern shrimp and
the stock estimates for Greenland halibut were detected.
However, the index of survey biomass of Northern shrimp
comprises mainly 3—-6 year old individuals whereas as
the contribution of the recruits in terms of biomass is
generally small because full catchability to the survey
trawl is not achieved at that age (Wicland and Bergstom,
MS 2006). An impact of predation by Greenland halibut
on Northern shrimp recruitment would therefore result
in a change of the index of total survey biomass with
a delay and a decline of the fishable stock of Northern
shrimp will first become more prominent in the coming
years (NAFO, MS 2006).

Increasing predation by Greenland halibut might
have counterbalanced or even overruled the positive ef-
fect of the moderate increase in temperature on the sur-
vival of the pre-recruit stages of Northern shrimp in the
most recent years, i.e. since 2000 when the recruit per
spawner biomass index of Northern shrimp began to de-
cline. It should, however, be noted here that the avail-
able time series is rather short and that other potentially
important processes such as variations in larval transport
towards suitable nursery areas (Ribergard et al., 2004),
effects of changes in seasonal sea ice coverage (Ramseier
et al., 2000) as well as the timing and the level of phyto-
plankton and zooplankton production (Fuentes-Yaco et
al., 2007) have not been included in the analysis due to
insufficient information. Hence, the impact of Greenland
halibut on Northern shrimp recruitment to the fishery
warrants future studies and should so far be interpreted
with some caution.
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