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INTRODUCTION

The fishery in this area was initiated in 1978 and increased during the following years
to around 12,500 tons in 1988B. In 1%89 the nominal catch of the Danish, Faroese, French,
Greenlandic, Icelandic and Norwegian vessels decreased to about 10,700 tons. In 1950 the
total nominal catch of the aforementioned nations amounted to about 10,300 tons. Reported
catches and TACs throughout the history of the fishery are given in table 1.

The shrimp fishery in the Denmark Strait takes place primarily in the area of Strede
bank and Dohrn Bank as well as on the slopes of Storfjerd Deep (Fig. 1), In 1990, fishing
for shrimp was allowed for the first time inside the “redfish box", so the fishery was
extended somewhat to the west. The available fishing ground at a given time depends heavily
con the ice conditions. The main fishing area extends from approximately 65°20'N to €7°30'N
and between 27°W and 33°W. During the last 5 years about 60 vessels participated in the
fishery on the western side of the midline, and about 30 vessels on the eastern side of the
midliine,.

INFUT DATA

COMMERCIAL FISHERY DATA

Trends in catch and effort

Catch data were available from log books for the six natlons fishing shrimp in Denmark
Strait while effort data were obtained for only four (Greenland, Norway, Iceland and France)
from 1980 to 1990. Catches and ccrresponding effort were compiled by month and by fleet.
CPUEs were calculated by month and the mean weighted CPUE of two periods of the year (January
to June and July to December} was then applied to the total catech of the peried to calculate
the total effort. ’

Total catches increased rapidly from 1978 tc 1980, decreased angd remained stable in
1981 to 1983, increased steadily from 1984 to 1988 and then decreased again in 1989 and 1990
(Fig. 2)., Tetal effort values show the same pattern as catch. From 1980 to 1990, effort
increased from about 35,000 hours to more than 100,000 hours. Effort for the two periods of
the year shows also an overall increase from the beginning of the eighties to 1990 (Fig. 3}).
However, the fall fishery {July-December) has become more important at the end of the
eighties, accounting for approximately 50% of the total annual effort.
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For the most recent yearsa, more than 85% of the shrimp in Denmark Strait were caught
by three nations, Greenland, Norway and Iceland. Effort values corresponding to the activity
of the three fleeta Ilndicate a wariable pattern (Fig. 4). The Greenlandic data ashow an
increase in effort over the years for the two periods of the year while the Norwegian effort

was fairly stable during the spring fishery {January-June) and increased substantially since -

1986 during the fall fishery. Although the overall pattern over the years is quite variable
for the Icg;andic fishery, the fall fishery has become more important since the mid 1980's.

Trends in catch rates

The annual CPUEs show an overall declining trend from 1980 to 1990 (Fig. 5a). The 1990
value was at about 50% of the 1980 wvalue. The 1978 and 1979 valuesa correspond to very low
effort and therefore, are less reliable.

The declining trend is alsc seen in the spring CPUE series (Fig, SB) . The catch rates
decreased from-1980 to 1990 although these from 1981 to 1987 show a more variable pattern.
Fall CPUEs were relatively stable from 1983 to 1988 and then decreased in 1989 and 1990. For
both series, the 1990 catch rate was at about the same level as the 1988 CPUE. In general,
fall CPUEs were lower than those of the spring fishery and were about 30 to 50% of the spring
CPUE for the last four years.

Annual Norwegian and Greenland CPUEs show a decline over the years for both spring and
fall fisheries (Fig. 6) . Catch rates for the Icelandic fleet were variable during the spring
fishery but indicate a decline over the years for the fall fishery. The performance of the
three major fleets in Denmark Strait was different over the years. Greenland catch rates in
spring were usually higher than those of the two other fleets. Norwegian CPUEs were higher
than the Icelandi¢ CPUEs during the spring fishery up to 1987. During the fall fishery, catch
rates for both fleets were aimilar.

Standardization of the ¢atch rates

Becausde the relative contribution ¢f the fleets and of the spring and fall fisheries
to the annual catch rate has changed over the years, it is difficult to interpret the data
as an index of abundance over the period. Therefore, all available catch and effort data from
1980 to 1590 were analyzed using SAS multiple regression procedures to account for the
seascnality (months: January to December) of the fishery and the relative contribution of the
different fleets (fleets: Greenland, Norway, Iceland and France).

The results of the analysis of variance show that the riodel explains 65% of the total
variability with the three variables highly significant (Table 2). The residuals are normally
distributed with no obvious gutliers (Fig. 7). No interacticns between the variables were
tested. T-values indicate that the 1988 and 1989 catch rates were not significantly different
from the 1890 catch rate (Table 3). The differences between catch rates from December through
May were not significant.

Abundance inqices were calculated frem both unstandardized and standardized series
using 1990 as the reference point:

| 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

1.9 .

1
T

unst, | 2.2 2 1
I 2. g 1.8 2.

2.
Stand. 1.

6 1.9 1.4 1.8 1.2 0.% 1.0
4 1 1.8 1.7 1.8 1.1 0.9 1.0

Both series indicate the same decrease between the 1980 CPUE index and the 1990 index (Fig.
B) . However, there seems to.be a period of relative stability in the stahdardized index from
1981 to 1987. The decrease between 1387 and 1988 is however more pronounced.

Relaticonships between catch, CPUE and effort

Relative effort (catch/CPUE index) was calculated for both series in order to compare
the wvariations over Lhe years between catches, CPUE indices and effort. Both series,
unstandardized and standardized, show the same pattern: catches increasing with the effort
before reaching a plateau at the highest walues of effort ({(Fig., 9&, 10A) and CPUE index
decreasing with the effort (Flg. 98, 10B}. However, the values of the last three years are
more isolated in the standardized series. The relaticnships seem less clear with the 1980-
1987 catches increasing linearly with the effort and the CPUE index decrease with the effort
for the same years being less pronounced.

COMMERCIAL BIOLOGICAI DATA

Norwegian fishery data

The Norwegian observer samples of shrimp are shown in figure lla. The data are usually
obtained in the period March-april. In all years there is a prominent peak at the size of 29-
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30 mm Cl. In 1981 and particularly in 1984 there were considerable numhers of smaller animals
present. In order to analyse this the length frequencies from all years 1?81—1990 Herelpooled
to get a mean length frequency (per mille) distribution (mld), table 1 in the appendix. The
deviations in each year from the mld are shown in fig. 1lb. The Febru?ry—qarch 1999 samples
combined, show pesitive deviations between 18 and 27 mm C1. The deviations in this Sl?e range
are unusual but have shown up before in 1981 and especially in 1984. As t?e deviatlonslare
percentiles it follows that in those years the deviations of the bigger shrimp are negative.
The occurrence of males in the Norwegian samples are not” always stated. In 1984 the males
were about 37% in the samples as compared to 10% in 1985 in 1990 the males were about 44% in

the samples.

Greenlandic fishery data

The Greenlandic observer data of 1990 and 1991 respectively have alsc been compared to
the Neorwegian base {mld) of 1981-15%90 in the strata 580-~581 on one hand, the same area about
which the Norwegian samples were taken, and secondly the data of the more westerly stratum
582 (fig 12). The deviations resemble those of the Norwegian data in 1990 in the occurrence
of positive deviations of shrimp of 18-26 mm and large negative deviatiens In the Cls 27-30.
In 1990 there seem to be some large shrimp present in the 31-34 nm C1 range in stratum 582
and in 1991 there are some large shrimps in strata 580-581 combined.

Icelandic fishery data

The Icelandic cbserver samples (Fig. 13) which are taken in the east in the autumn show
the same trend as the Norwegian and Greenlandic obsexrver samples, namely the high peak in the
length distribution of shrimp of 30-32 mm Cl in the years 1987 and 1988, and the much lower
frequency in 1990 of the large shrimp. In 1%90 there is a very high occurrence of males or
530% a3 compared to 32 and 26% in 1987 and 1988 respectively. Moreover there is also an in-
dication that a large proportion of the male year-class that does not usually change sex
until a year later, have already done 3¢. This is indicated by the occurrence of female peaks
at 25 and 28 mm in the 1990 samples. This could indicate a response to fishery pressure as
indicated by declining catch rates of the past years or there could be an influx from a
different area like Icelandic waters were males change sex at a smaller size.

Discards in the shrimp fishery

There was some information on which estimates of shrimp discards for the Denmark Strait
fishery could be made. Norwegian obgserver data indicate a slight increase of the discard rate
from 1569 to 1990 (Smedstad and Torheim, 1991). The discard rate estimated from the Norwegilan
observer data series is as followed: :

% 11982 1982 1983 1984 1985 1986 1987 1988 198% 1990

]

F
Mean {14.9 1.7 0.8 3.4 2.3 0.9 "3.0 -2.2° 2.0 3.0
Min. [11.5 1.0 0.¢ 0,7 ©.1, 0.0 1.2 1.0 0.0 0.0
Max, 15,7 7.0 2.1 5.9 7.8 1.6 7.2 2.8 5.3 7.6

However, these values correspond to only one vessel fishing in a limited location for a short
period of time. This may be rnot representative of the activities of all fleets in the whole
season.

Size distributions of the shrimp cateh and of the production onbcard Greenlandic
trawlers were estimated by sampling. Shrimp discards were estimated by comparing size
distributions of the catches with those of all size categories kept. The factory trawler
discard of shrimp in Denmark Strait was estimated at a minimum of 1634 tons, or $% of the
catch.

Discard procedure may have changed over the years due to market requirementa for larger
shrimp and the development of effective grading machines. The high number of vessels in the
fishery and vessel quota limitations may have resulted in higher, not regorted, amounts of
discarded shrimp.

Fish by-catches in the shrimp fishery

Norwegian observer data indicate that the by-catch rate is higher in the last three
years relative to the 1982-1%87 pericd (Smedstad and Torheim, 1991) as shown by the number
of fish caught per kilo of shrimp;



1961 1982 1983 1984 1985 1986 1987 1988 1985 1590

Cod 1 23 3 3 3 1 9 0 o1 1
G.halibut 86 7 9 120 7 1 2 3 3 24
Redfish 166 53 47 87 74 103 293 421 192 170
Cthers 17 13 5 3 17 3 12 9 11 7

Fish {n/tow
P.b. (kg/tow

330 96 64 213 101 108 316 433 207 202
435 €08 346 880 732 410 528 300 246 222

|
|
T
!
i
|
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H
|
T
|

Ratio 0.76 0.16 0.18 0.24 0.13 0.26 0.60 1.44 0.84 0.91
The increase of by—caﬁch rate for the last four years was due to ‘high £ish catches while the
catch of shrimp was decreasing. However, the decrease of the ratic in 158% and 1990 from the
1988 level is due to declines in the catches of both fish and shrimp. The major by-catch
continues to be redfish. The category others consists of skate,.plaice and catfish.

RESEARCH SURVEY DATA

Norwegian surveys

Norwegian surveys were carried out in Denmark Strait every autumn from 1385 to 1989
covering most of the shrimp distribution area (Smedstad, 199%0). The survey was nct conducted
in 1990. In most years, ‘shrimp were found mainly in two general areas: east and west of 31
degree in statistical squares 628, 625, 678, 679 and 581, 582, 583, G5B4, 631, 632
respectively (Fig. 1l). Some changes were noted in 1989 as the biomass was more evenly
distributed than previously. Also, the pattern af the spatial distribution of the males and
females was different; males and females were more evenly distributed in 198%.

The proportion of males in the wastern part of the area fluctuated between 36 and 61
percent while in the eastern part, it increased yearly from 33 percent in 1985 to 62 percent
in 1986: :

% Males
Year Weat of 31°W East of:31%W Total
1985 50.1 32.8 43.8
1986 36.3 44.0 41._4
1987 47.3 55,3 53.5
1988 1.2 54.8 58.5
1989 55.5 61.5 58.0

In general, for the whole area, the pfoportion of males was higher in the laat three years
than in 1985 and 1986. There was no change in the mean length of the largest female component
over the years. Thls component had a minimum carapace length of 26 mm for all years.

Greenlandic surveys

A Greenlandic survey was carried out in 1989 covering a smaller part of the area in
which a high proportion of females was expected to be located. In 1990, a larger area was
covered which corresponded better to the Norweglan survey area {Fig. 1l). However, the
Norwegian and the Greenlandic surveys cannot be compared directly because of differences in
the methodelogy used (size of the trawl, duration of the tow). The 1990 Greenlandic survey
results show extremely low catches of shrimp and fish by-catches.

In 1990, the propertion of males in the western part was €1 percent which is at the
same level as in the 1989 Norwegian survey. The length frequency distributions of some
samples collected in the eastern area in 1%89 and 1590 show females occurring at smaller
sizes in 1990 (Fig. 14). In the 1990 samples, compared to the 1989 samples, there is a
atronger component ©f males at 22 mm, a new component of small females at 25-26 mm and a
similar_comgonent of females at 31 mm,

ASSESSMENT RESULTS

Catches increased steadily from 1%83 to 1988, decreased between 19%88 and 198% and
remained at the same level in 1989 and 1990. Effort increased steadily from 1981 to 1989 and
showed a slight decrease between 1989 and 1990. The standardized CPUE showed an overall
decline between 1980 and 1990. A large decrease in catch rate occurred between 1980 and 1581,

followed by a slight decrease or stability between 1381 and 1987, a high decrease between
1987 and 1988 and stability between 1988 and 1590.

The propértion_of males, as determined from research survey and commercial fishery
data, showed an overall increase from the mid 1980's to 1990. 5ize at sex reversal decreased




in 1990 from 198% (Greenlandic surveys) and from 1987-1988 (Icelandic sampling). The modal
length of the last component of females has remained stable since 1981 {(Norweglan, Icelandic
and Greenlandic¢ research and commercial data).

Data from both the commercial fishery and research surveys suggest that shrimp
abundance from 1988 - 1990 is substantlally lower than 'in previous years. This might be due
to the fishery given the overall decline in CPUE with fishing effort and the apparent changes
in sex reversal, indicating a response to a decrease in the female population. Also, the
propertion of males in -the commercial catches and in the Norwegian survey estimates has
increased, suggesting that the fishery, targeted towards the larger animals, has reduced the
abundance of females, It is alsac possible that changes in environmental conditions contribute
to these changes in the population, given that by-catches were lower in the last two years
and the 1990 Greenlandic survey was unproductive for both shrimp and fish species.
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Cfaés
FLEET
MONTH

YEAR

Levels

12

11

-7 -

Results of the analysis
multiple regression.

of

General Linear Models Procedure
Class l_evel Information -

Values
1 2 3 4
1234567891011 12

1980 1981 1987 1983 1984 1985 1986

Number of observations in data set

. Dependent Variable: LNCPUE

varlance

. Sum of Mean
Source DF Squares Square
Model 24 - 70.46742696 2.93614279

" Ervor 220. | 38.70316096 0.1/592346
Corrected Total 244 . 109.17098792 - ‘
R-Square ' C.V. Root MSE
0. 645480 -20.17217 L 0.419432
Source DF fype III S5 Mean bquare
FLEET : 3 11.42099312 3. 50699771
"MONTH 117 20.17536515 1.83412410
YEAR = 10 24. 45660103 2. 43566010

from the
1987 1988 1989
245
F Value Pr > F
0.0001

16.69

F Value

21.64
10.43
13.84

LNCPUE Mean

~2.0792626

Pr > F

0.0001
0.0001
0.0001

1990



" Table .

Parameter
INTERCEPT

FLEET

MONTH

YEAR

DR =

= e g ENPU R R

b o= O

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

Estimates ot

regression
Fleet
Fleet
Fleet
Fleet

Estimate

—-1.9912844505

the parameters trom
analysis.
1: .Greenland
.23 Norway
3: lceland
4: France
1 for HO:

Farameter=0

~11.81

B
0.053680412 B 0.57
—-0. 389701083 B -4, 22
-0.457304028 B -4,56
0. 000000000 B .
0.230701302 B 1.33
0.083372333 B 0.%1
0.103/67882 B . 0.68
0.063969391 B ©0.43
=0, 032906349 B - -0, 22
© ~0.5Y71BHESS B -3.69
~-0.621494387 B -3.75
~0.668DH89249 B -4,36
-0.494445086 B -3.21
-0. 496865995 B ~3.29
~0.551315938 B ~3.57
0. 000000000 B .
0.893112292 b 7.23 -
0.619649310 B 4,42 "
0. 9598165649 B 3.36
0.719423175 B $.01.
0.573800800 B 4,35 "
0.945842438 B 4.58
0.380209685 B 5.26°
0.508629439 B - 4. 45
w0 0.098996230 B © 0.91% "
. =0.149722766 B -1.19
< 0.000000000 B .

the

0.0001

0.3705
0.0001

0.0001

0. 1834
0.6113
0. 4989
0.6692
0.8246
0.0003
0.0002
0. 0001
0.0015
0.0012
0. 0004

0, 0001
0.0001
0.0009
0.0001

0.0001 .

0.0001
0.0001
0.0001
0.3654
0.23L2

multiple

Std‘Error‘of

Estimate

- 0.16854757

0.09447775
0,09231255
0. 10033292

T0.17286191

G. 16381262
0.15318114
0.14951123
0.14825781
0.15649638
0,16594729
0. 10320257
0.135398748
0.15093516
0.13439454

0.12348897
0.14034266
0.16603013
©. 14360797
0.13180259
©.11914934
0.11032400
C.114247/28
0.10915294
0.10899114
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APPENDIX

Table 1. The Norwegian observer samples (per milles) in the late winter by vears.

TP
hooagh

81 a2 B3 84 85 86 87 88 a9 90 1 Z/10

§. {. 11| 10| 10 10| 15 20 11| 3| 21| 18
ne.
50 0
16 1 0
17] 1 3 0
18 4 1 "z 1
19 9 2 3| 2|1 a g 4
20 14 | 99 | 1 1| 4| 10| 23t 6
21] 21 1] 1] 13 3 3 4| 14| 32 9
221 37 3 23 4 4 5 4| 13| s6| 15
23| 29 5 4 22| 12 74 12| 18| 68| 19
24| 26 4 3] 52 12 18| 13| 18] 59| 20
25 | 28 6 5| 57| 18| 127 22| 21| 24| 61| 25
26| 28 | 14| 14| 88| 28| 27| 38| 40| 239 53| 37

27| 59| ea | e8| 85| 72| 59| 461 63| 66| 59| 65
28 {140 | 198 | 210 | 98 | 171 | 180 | 154 | 126 | 111 | 77 | 147
29 | 192 | 267 | 285 | 139 | 223 | 262 | 250 | 208 | 184 { 105 | 212
30 | 173 | 208 [ 212 | 137 | 236 [ 256 | 265 | 245 | 236 | 174 | 214
31 [115 | 120 [ 109 | 143 {126 t121 [ 124|132 {151 [ 110 | 126
32| 70| 72| 59| 65| 62 51| 47 |107| 73| 66 | 67
33| 20| 24| 23| 36| 25| 20} 16| 15| 26| 58 | 24
3a| 18| 7| 8| s| 5| 2| 4 3t 6| s
351 4 1 2] 1| 2 | 2 1 1
36 1 ‘ 0

ST
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;
Table 2. The Icelandic samples in September
and October in 1987 (per milles). n = 764
c1 & 7% ¢ no 5, Table 3. The Icelandic samples in August
mm ' . . . and September 1988 combined. n = 66l
spines . .
‘ Cl d g9 ano z
15 1 1 o, mm : ‘spines
19.5 1 | L 1 B 3 : 2
o 19.5
20.5 - 1 1 20 2 2
” 20.5 5 5
21.5 1 1 2t 3 3
- ; - 21.5 2 2
22 2 2
22.5 3 3 22.5 2 2
23 5 5 23 6 6
23.5 7 8 23.5 11 11
24 5 3 8 24 12 12
24.5 24 . ' 24 24.5 11 1| 12
25 | 31 1 32 25 14 14
25.5 30 1 1 25.5 11 11
26 31 3 34 26 18 1 2 | 21
26.5 20 1 21 | 26.5 8 31 11
27 17 T 24 27 20 14 34
27.5 20 8 28 | 27.5 21 12 | 33
28 30 T 14 44 28 39 2 15 | 56
28.5 35 12 47 28.5 | 35 21 | 57
29 20 3 24 47 29 20 | 1 15 | 68
29.5 18 1 56 75 29.5 . 8 - 1 59 | 68
30 8| 1 88 97 30 8 91 | 99
30.5 5 85 90 30.5 2 83 | 85
31 97 97 31 97 | 97
31.5 oy 88 88 315 2 83 | 85
32 : 62 | 2 A 32 ‘ 79 | 79
32.5 ' 50 50 32.5 ‘ 54 | 54
33 33 33 , { 33 o 29 | 29
33.5 25 25 33.5 ) 21 21
34 13- ] 13 34 11 | 11
34.5 4 a | 34 6 6
35.5 1 1 35 : 6 | 6
b3 319 5 | 675 {1000 35.5 ' 2 2
o 260 5 734 | 999
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Table 4. . The Icelandic samples in Table 5, The Greenlandic survey samples both
September in 1990, Strata ’ in numbers and per milles {p/m} in
627, 628, 677 and 678 ' 1989 and 1990 in about the same strata
combined, n=1779 ‘ ~as stated in Table 4.
oL p; s P T tast ti‘rgenland, {Fi}s.
mm spines | 1583 Greenland survey 1930 breenland survey -
16 N - N ‘ moF oA F L N
16.5 1 ) 11 } wopin p/n o n pla pio
. x S o0 0 00 0.0 0 0 0.0 0.0
pp— ; ; 4.5 0 0 0.0 6.0 to6 4 o
5 10 G4 10 0.4 0.0
18 -5 5 5.5t 0 0.4 6.6 ¢ 6 0.0 0.0
18.5 6 € 1 ¢ & 0.0 0.0 b0 G4 0.0
19 8 8 6.5 0 0 0.0 G0 .0 0.8 0.0
19.5 11 11 70 609 0.0 700 41 0.0
20 14 14 17.5 7 0 6.7 oo 16 0 6.1 0.0
20.5 20 20 (8 1t 0 4.0 0,0 3 0Ll 6o
21 22 22 18.5 9 ¢ 33 0.0 231 8.6 0.4
(910 0 3,6 g0 o g0
25 : 22 i 3: 195 2 0 7.6 00 “ 2169 0.8
. - : » 20 370113 0.0 54 1 20,7 0.4
‘ 2005 33 0120 0.0 #4311 1.5
23 39 1 41 40 W42 08T 00 82 135 0.4
23.5 26 .6 3z - 2.5 46 2 167 0.7 194 139.%9 0.4
24 37 12 | 49 1265 1236 0.4 123 247.2 0.8
) 24.5 35 8 a4 7.5 85 0236 0.0 9% 7 .0 2.7
25 25 1 19 a5 X T I 2-2002 0.7 . 98 18 37.6 6.9
25.5 21 19 40 23.5 B& oz 3.3 0.7 . B3 22 3.8 8.4
26 le 17 33 24 7T 2B 0.7 91 27 34.9 10.4
265 . s | 10 24,5 B2 7 295 L5 73 92 30,3 12.3
p Lol 1] ula ST S
e " 2; = s 6L 22 63 45242 17.7
: : 76,5 101 8 387 4.9 b5 18 24.9 10.7
28.5 LI 20 | 34 2 121 4440 1.5 85 30 24.9 11,5
2% 19 26 36 7.9 173 14 44,7 5.t 63 27 4.2 104
29.5 8 43 51 7813 10 47,8 3.6 732 2.9 12.3
30 2 49 51 78,5 138 34 30,1 12,9 47 50 8.0 19.2
30.5 2 36 38 2169 23 25,5 13,8 i 63 10,4 24.2
31 2 43 45 9.0 Tz dd Zb.Z 30.5 171 8.3 27,2
s ] w6 [ o SR o eite e @ 3w
0.5 75 1562 4 93 1.5 35,
zz - 22 2: T3 U8 4.0 42.9 3083 L2318
- .5 4 128 LS 45.4 0 u4 0.0 3.2
33 I B 370 B0 0.0 791 0 50 0.0 1%.2
33.3 10 10 3,5 9 7S 0.0 7.3 0 37 0.0 14,2
ELI 5 5 14 31 0.9 183 0 24 0 9.2
34.5 - 2 2 W5 0 16 6.0 5B ¢ 15 0.0 5.9
35 S 1 ¥ 0 3 0.0 3.3 R
T 496 3 501 | 1600 #3500 2 6o 07 3 0 1.2 ’
; 5 00 0 G0 0.0 ¢ 0 0.0 0.0
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