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Abstract

In 1993 an important shrimpgPandalus borealisfishery developed on Flemish Cap,
(NAFO Div. 3M) and has continued with many nations still involved. There are important
difficulties connected with the regulation placed on the fishery of limiting fishing effort,
because of insufficiency of reliable long-term time series data and the lack of basic knowl-
edge on stock dynamics.

In 1996 Canada conducted a shrimp survey at Flemish Cap using the same sampling
gear as used in the Norwegian surveys for shrimp in the Barents Sea and Svalbard area.
Further, Norwegian shrimp trawlers exploit the resources with the same type of commer-
cial gear both in the eastern and western Atlantic. This paper explores the possibility of
applying these data links between Div. 3M and the Barents Sea and Svalbard area, to
improve the understanding of the state of the Div. 3M shrimp stock with respect to stock
biomass.

Though there are many uncertainties, when comparing annual CPUE-abundance data
and monthly CPUE data, the conclusion that may be drawn is that the shrimp stock in
Div. 3M is showing signs of decline. This first comparison suggests that valuable infor-
mation might emerge when comparable CPUE and survey results are available, and a
more detailed analysis could potentially improve the results. One comparable survey in
Div. 3M was not enough to draw reliable conclusions. Further considerations are pro-
posed for when additional survey data are available.
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Introduction In 1996 Canada conducted a survey on Flemish
Cap which applied a Campelen 1800 meshes shrimp
In 1993 an important fishery for shrimp sampling trawl (Parsonet al, MS 1997). This is
(Pandalus borealis developed on Flemish Cap similar to the sampling gear used in the Norwegian
(NAFO Div. 3M), where many nations were in- surveys for shrimp in the Barents Sea and Svalbard
volved. NAFO considered fishing effort as a crite-area. Consequently, there is presently a one-point
rion for management of the fishery. There are, howlink in surveys (sampling trawl) between the two
ever, difficulties connected with the regulation of areas. Additionally, the Norwegian shrimp trawl-
fishing effort in Div. 3M. The important drawbacks ers exploit the resources with the same type of com-
are caused by insufficiency of reliable long-termmercial gear both in the eastern and western Atlan-
time series data on shrimp stock abundance antic. Consequently, there is a continuous link in com-
composition from surveys, and the lack of basicmercial trawl catch per unit effort (CPUE) during
knowledge on stock dynamics. the period of this new fishery on Flemish Cap.
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Assessment methodologies for shrimp in Div.the ground gear and the rigging. The modifications
3M were discussed during a NAFO Scientific Coun-have had an influence on the trawls sampling pat-
cil ad hocWorking Group meeting in November tern and effectiveness over time. Since 1992 sam-
1996 (Parsons, MS 1996). Due to the fact that theling has been performed day and night and tow
same sampling trawl is used in the Barents Sea amistance has been 1 naut. mile.
in Div. 3M, it was proposed to investigate the po-
tential of using the Norwegian survey and commer-  The Svalbard area has been stratified accord-
cial CPUE data from the Northeast Atlantic to re-ing to depth and latitude (area F—H in Fig. 1) while
view the biomass situation of shrimp in Div. 3M. It the study area in the Barents Sea was stratified ac-
is the aim of the present analysis to explore theording to fishing grounds and homogenous geo-
possibility of applying the links between Div. 3M graphical areas (area A-E in Fig. 1). Aschan and
and the Barents Sea and Svalbard area to improv@unnand (MS 1997) have documented and evalu-
the understanding of the state of the Div. 3M shrimpated these surveys.
stock with respect to biomass. It is hoped that this

will give better fundamental information for scien- Three different approaches to survey design
tific advice for the management of shrimp in Div. have been used: i) random stratified trawl stations,
3M. ii) fixed trawl stations in a modified regular grid
within a stratification of the area, and iii) fixed
Material and Methods trawl stations in a depth stratified system. A study
has been undertaken to calculate an optimum sam-
Commercial catch and effort data pling density with respect to a desired level of pre-

cision (Harbitzet al, 1998). In this analysis the
biomass indices as given in the assessment report
%Aschanet al, MS 1996) were used.

The data were obtained from the Norwegian
commercial fishery catch and effort reports from
the Barents Sea and Svalbard area for the perio
1982 to 1996, and from Div. 3M for the period 1993 . : .
to 1997. They consisted of basic fishery logbook The Northeast Atlantic Fisheries Centre, St.

data produced by the Norwegian Fisheries Direc-f]Ohn s, Newfoundland, Canada conducted a survey

torate. Data for 1995, 1996 and 1997 were prelimi-In Div. 3M during the period 24 September to

) ?.2 October 1996. The sampling trawl used was the
nary data. In the analyses, annual commercia

CPUEs were compared with the results from thedMe Campelen 1800 trawl as used in the shrimp

. survey in the Barents Sea and Svalbard area, how-
surveys in the Barents Sea and Svalbard area. When e :
. . . . . ever, small modifications have been done (Brodie,
comparing CPUEs in Div. 3M with CPUEs in the . :
Barents Sea and Svalbard area, monthly statisticlsgg6).' Sampling was conducte(_Jl day and night and
were applied. tow distance was 0.75 naut. miles (Parsenhsl.,
MS 1997).
Survey data In this study the "sweep width" was set at
The survey areas are shown in Fig. 1. Surveyd41.7 m for all shrimp surveys in both areas result-
for shrimp have been conducted annually in theng in a swept area of 0.006317 naut. rhiler a
Barents Sea and the Svalbard area since 1980 Hynaut. mile haul.
Norwegian Research Institutes. The surveys have ) )
been conducted each year in the period April tgComparisons between Div. 3M and the Barents
September for 25 to 97 days. Until 1992 the Insti->€& and Svalbard area
tute of Marine Research in Bergen (IMR) carried The annual commercial CPUE and the annual
out the investigations, and thereafter the Norwesurvey index of shrimp in the Barents Sea and
gian Institute of Fisheries and Aquaculture Ltd.Svalbard area for the period 1982-96 were com-
(Fiskeriforskning) in Tromsg has been doing thepared by means of a simple linear regression. Sim-
work. All together four different vessels have beenple linear regressions were also run separately for
involved (Aschan and Sunnana, MS 1997). years with an increasing abundance or high abun-
dance, and years with a decreasing abundance. The
The survey trawl, a Campelen 1800 mesheshrimp abundance received from the Canadian sur-
shrimp trawl, has been the same throughout theey and the Norwegian CPUE in 1996 in Div. 3M
period, although with some modifications of bothwere compared with the Norwegian CPUE and
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Fig. 1. Maps of survey areas. Stratification scheme used at Canadian trawl survey on Flemish Cap éPaisons
MS 1997). The Barents Sea and Svalbard area presented with main survey areas (A-H).

biomass index relationship from the Barents Seanum of 130 000 tons in 1984 (Fig. 2). Due to re-
and Svalbard area. ductions in the shrimp abundance, the annual land-
ings were reduced to 45 000 tons in 1987. A peak
The level and variability of the monthly CPUE above 80 000 tons occurred in 1990 but it has been
in 1993-97 in Div. 3M and the Barents Sea andollowed by reductions. Although there was a con-
Svalbard areas were compared. Only data from theurrent variation in landings, biomass indices and
vessel size groups represented in both areas wemmmercial CPUE in the Barents Sea and Svalbard
used. Data were analysed on a monthly basis, anarea, there seemed to be a time lag between biomass
seasonal effects and trends were estimated with thedex and commercial CPUE. The 'path’' of the data
Proc. x11 in the SAS system (SAS 1993). To fill infrom 1982 to 1996 indicated different relationships
empty cells in the monthly CPUE statistics, the SAShetween commercial CPUE and abundance, where
Proc. expand program was used. the stock abundance increased compared to when
CPUE was going down (Fig. 3). It is noted that this
. . shrimp fleet maintains a high CPUE on the shrimp
Results and Discussion ground for a year or two after the shrimp abundance
Barents Sea stock and catch appeared to be reduced in the large distribution area.
The shrimp fisheries in the Barents Sea and A linear regression for the commercial CPUE
Svalbard area started in the early-1970s. The landidependent variable) calculated against the abun-
ings increased continuously and reached a maxidance (independent variable) were as follows:
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CPUE = 35.%abundance r€ = 0.94)[equation ] When the data were separated into years with

CPUE = 31 & abund ~0.98 . increasing or high abundance and years with de-
= 31.6abundance 1€ = 0.98)[equation 2 creasing abundance, the slope parameters for the

CPUE = 50.%abundance r€ = 0.99)[equation 3 linear regression was lower for the years when the
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Fig. 2. Biomass indices from the Norwegian surveys, total landings and
Norwegian CPUE for ICES areas |, lla and llb.

abundance was increasing (equation 2) and highehan 200 kg/hr. However, this may have been caused
for the years when the abundance was decreasirgy factors related both to the fisheries data and the
(equation 3) (Fig. 4). Thus, survey data were assurvey results. The vessels operating in Div. 3M
sumed to reflect density correctly, while the com-were generally larger and more efficient. Also, the
mercial CPUE overestimated the density when thefficiency of the Campelen 1800 during the Cana-

stock decrease. dian survey in Div. 3M might have been lower due
Comparison between the Barents Sea and
Svalbard area and Div. 3M 300
The CPUE for Norwegian vessels in area Div. 55|
3M in 1996 was 211 kg/hour. The survey in area .
Div. 3M in 1996 gave a mean abundance of 2.7 tonsg 200+ = 1982
per naut. milé, when all strata were included. §)150
When strata with no shrimp (strata 501, 502 andy;
504) were excluded, the mean abundance was 3.2 1o
tons per naut. mife This was comparable to the ©
lower end of the density distribution observed in 50}
the Barents Sea and Svalbard area, but neverthe-
less supported a high CPUE in the commercial fish- 0.0 2.0 40 6.0 8.0 10.0
ery (Fig. 3). The position of Div. 3M in the Abundance (ton/naut.mile?)
commercial CPUE and.abundance comparison, SUGg. 3. Annual commercial CPUE (kg/hr) of the
gests that the Norwegian vessels were more effec- Norwegian fleet and shrimp abundance (ton per
tive in Div. 3M than in the Barents Sea and Svalbard naut. milé) in the Svalbard and Barents Sea
area, where an abundance of more than 4 tons per area for the years 1982-96 and for Div. 3M in

naut. mile is needed before reaching a CPUE larger 1996 (square).
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are available for the surveys, it could be possible
to adjust survey data to the diurnal variation in catch
rates. Such an adjustment would probably increase
the abundance estimate in Div. 3M more than in the
Barents Sea and Svalbard area.

y=35.7x

For shrimp in Div. 3M in 1996 the slope pa-
rameter of a theoretical linear regression would be
78, according to the observed abundance of 2.7 tons
per naut. milé and the commercial CPUE of 211

QO
o

Fig. 4.

kg/hour (Fig. 4). The abundance of 3.2 tons per naut
mile? would give a slope parameter of 66 for the

theoretical linear regression. The comparison of the
Regression curves for the annual commerciakommercial CPUE and abundance relationships in
CPUE and shrimp abundance. The solid lineipe two areas shows that the shrimp stock in Div.

represents all years, the line underneaths,, probably is in a situation where the stock size
represents years when the abundance was

increasing (grey rhombi) and the line above 'S declining.

represents the years when the stock decreasing . .
(black rhombi) in the Svalbard and Barents Sea, A comparison of CPUE of Norwegian vessels

area. The square marks the relation betweed" Div. 3M and those in the Barents Sea and

CPUE and abundance in Div. 3M in 1996. Svalbard area can be done in many ways. Due to
the strong seasonal effect on the catch rates in both
areas, a seasonal difference in effort distribution

2.0 4.0 6.0

Abundance (ton/naut.mile?)

8.0 10.0

to differences in equipment and operation (e.g. théetween areas or by year may seriously bias the re-
use of a cross wire ("strapping") and other type ofsults. However, the commercial CPUEs for the two
otter-boards). Further, the day and night samplingtudy areas show the same type of seasonal varia-
done in the Barents Sea and Svalbard area in thi#on (Fig. 5). When analysing them with a time se-
period May to August did not include sampling in ries model (Proc. x11) this becomes even more evi-
darkness as was the case on the Flemish Cap dent (Fig. 6). The CPUEs both from original (Fig.
October. It is noted here that if light measurement$) and modelled (Fig. 6) time series show that
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Fig. 5. Comparison of commercial CPUE each month in Div. 3M and in the

Barents Sea and Svalbard area.
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Fig. 6. Comparison between Svalbard and Div. 3M trends as estimated by proc.
x11.

commercial catch rates in the two areas are simis Limit the CPUE data to the periods when sur-
lar, and that the CPUE observed in Div. 3M do show veys are performed.

a downwards trend compared to an area with a Comparison as above, but limited to the most
longer catch history. It is recognised that the re- important fishing grounds or areas with similar

duction in the recent year might be an effect of the topography as in Div. 3M, e.g. the Svalbard area.
few logbooks in 1997. However, though there ares Include new areas.

many uncertainties, when comparing Div. 3M with e Include biological comparison.

the Barents Sea and Svalbard area according to an-
nual CPUE and abundance data and monthly CPUE
data, one may draw the conclusion that the shrimp

stock in Div. 3M is showing signs of decline.
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