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AINTRODCTION

The fishery was initiated in 1978 with a catch of about 360 tons and
subsequently increased rapidly to about 12 500 tons in 1988, in 1989
and 1990 the nominal catch decreased to less than 11,000 tons and in
1951 and 1992 declined further to 8 600 and 7 500 tons respectively.
The annual catches have continued to fall in the tradional (northern
area), to 6 500 in 1993 and finally to 4 900 tons in 1994. In 1995
the provigional figure is about 5 200 tons. At the same time there
has been a new fishery starting in 1993 in two areas found further
south {(Fig. 1) where some 3 000 to 6 0600 tons were takem in the
middle and south area combined in the years 1993 to 1995. In 1996
the catch is already 4 400 tons in this so-called southern area.

The fishery takes place primarily in the area of Strede Bank and
Dohrn Bank as well as on the slopes of Storfjord Deep. TwO new areas
were discovered in 1989 by Greenland ( Lehmann, 1990), but not found
profitable at the time have now been fished for three years. The new
areas lie south of 65°N and are shown on Fig.l along with the
traditional north and east area. The traditional fishing area
extends from approximately 65°20°'N to 67°30'N and between 26°W and
34°W. For the sake of comparison and because of the uncertainty of
whether the ahrimp of the southern area belong to the same stock,
the catch and effort data are kept separate from those of the
northern area. Throughout this paper unless otherwise stated there
are data from the northern area.

2. Input Data
z.1 Commercial fishery data

2.1.1. Trends in ¢atch and effort.

Catch and effort data from logbooks were available from Greenland,
Norway, Iceland, Faroe Iglands and Denmark since 1980 and from
France for the years 1980 to 1991. Catches and corresponding effort
were compiled by month and by fleet. CPUE was calculated by month
and the mean weighted CPUE of two pericds of the year (January to
June and July to December} was then applied to the total catch of
the period to estimate the total effort. For revision of catch
effort and CPUE for all patioms 'im the years 1980-1996 see
Skuladottir (19%6 a).

Total catches increased rapidly from 1978 to 1980, decreased in
1981 and remained stablee to 1983. Catches increased steadily from
1983 to 1988 to 10 500 tons and then decreased to 4 000 tons in
1995 in the northern area. The overall catch in north and south
wag 9 500 in 1995 (Fig. 2, Table 5).

Total effort values in the northern area showed the same pattern as
catch. Between 1980 and 1989, effort increased from about 35 000
hours to more than 100 000 hours in and 198%, declining thereafter
gradually to about 40 000 in 1993 and then further to 15 500-24 000
hours in 1994 and 1995. The fishery from July-December became more
important at the end of the eighties, accounting for approximately
50% of the total annual effort. In the early nineties the effort is
again excerted in the first half of the year. 1In the southern area
the effort was between 36 000-40 000 hours in 1993-95 (Fig.3, and
Skfiladéttir, 1996 a).




2.1.2 Trends in _catch rates

Abundance indices were calculated from the unstandardized catch
rate series of the years 1980 te 19%6 using all countries except
Norway. In the paper on catch statistica the catch and effort for
all countries are combined (Skdladottir, 1996). But here Norway is
not included in the tables for the calculation of unstandardized
catch rate for the whole series as there were doubts as to whether
the Norwegians were fishing sclely in the southern area in the
years 1993-1995. The calculations leading up to the annual CPUE
can be followed in tables 1-4 in the northern and the whele area
respectively. The unstandardized CPUE in the north area has been
set against removals as catch from the stock in every 3 previous
years (Fig. 4). From this figure it appears that some recovery has
taken place as the annual removals of shrimp from the fishery
decreased to about 6 000 tons on the average. The last year 1996
appears wery out of place and can be explained by either a
southward shift of the shrimp or the availability was very low
this year when visited by shrimpers. When studying the catch
rates, the 1996 value of the northern area was used as the
reference point for both the north area and north and scuth
combined (Figs. 5 and &).
In the northern area there is a declining trend from 1960 to 1989.
Catch rates were similar in the period from 1989 to 1993, where the
1989-93 level was about 50% of the level seen during the period of
relative stability from the early 1980's. But inm year 1994 there is
a considerable increase in CPUE and in 1995 there is a continued
stability. 1In 1996 the CPUE seems to be at the level of the pericd
1989-1993. In the whole area the CPUE is first low in 1993
increases thereafter and is stable in the years 1954-19%96.

2,1.3 standardization of the catch ratea

The catch and effort data from Greenland from 1987 to 1994 were
analyzed using SAS multible regression procedures to account for the
vessel size and seasonality (months)of the fishery both the total
catch and the proportion of shrimp >8.5 g of weight ( Fig. 7). The
results for both showed a continuous decline till 1992 stability in
1993 and a considerable increase in 1994 and again stability in
1995. There is a drop in 1996 in the CPUE index north of 65° N for
all shrimp, but there only fishery in January.

2.2 Commercial Bioclogical data
2.2.1 Icelandic fishery data

The Icelandic samples (Fig.8) taken in the spring of 1991, 1992 and
1993 showed that male shrimp dominated in all three years. In 1994
the samples taken in spring show about 50% occcurence of males
again. The occurrence of a component of female shrimp with a mode
at 25-26 mm in the Icelandic samples suggested that sex change
occurred earlier than normal. The 1991 and 1992 samples show the
cccurrence of these samll females but there was no noticeable
component as seen in the 1990 data (Skéladéttir et al, 19%4)
samples from the Icelandic and Greenlandic fisheries in the late
1980s (Figs. 8 and 9) were comprised mainly of females. Throughout
the 19908 males have dominated the catches in the Icelandic

fishery, except in 1995 which may have been affected by sampling
problems.

The occurrence of a component of female shrimp with a mode at 25-26
mm as noted in the 1990 samples is here again present but not very
distinct and the preliminary age assessment of Icelandic samples of
the years 1990 to 1994 indicate that upto 20% of a year-class
change sex one year earlier than the rest, There was doubt as to
whether this was a response to fishing pressure, as indicated by
declining catch rates of the past years, or whether there could
have been a migration of shrimp from Icelandic waters where males
change sex at a smaller size, amples taken in 1994 on the eastern
area and analysed electrophoretically show more affinity with
samples taken in the Offshore Icelandic waters than to Samples
taken west of the midline (Jénsdéttir, 1996).S In 1995 however
there appears to be just one peak in the immature females. In 1996
the primiparous females show again bimodality with a small
proportion changing sex earlier.

2.2.2, Greenlandic fishery data

The samples from the Greenlandic fishery in 1991-1996 shown here
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are from the whole area (Fig. 9). There were no samples from 1996
from the northern area. The samples have been aged and,there seem
to be often 6 year-classes detected. In 1996 males semm to be very
dominant (Hvingel et al 1996).

2.3 RESSEARCH SURVEY DATA

2.3.1 Abundance estimates

2.3.2

A two phase stratified random trawl survey (Spline method) was
conducted by Greenland in the Denmark Strait in September-October,
1995 as was was also done in 1994. The biomass estimate of 4 558
and 3 800 tons respectively, being much higher than that of either
1990 or 1992, which were only 1 860 and 1 044 tons respectively. Due
to bad weather the second phase was never carried out, so only the
abundance indices can be compared. The higher abundance estimate
found in 1995 1996 as compared to 1990, 1992 and 1994 is the result
of an imcreasing number of both male and female shrimp (Carlsson
1996), .

Males Females Total
1989 231.0° 135.4 366.3
1990 142.6 86,7 228.3
1992 163.6 45.3 209.0
1994 264.4 90.4 354.8
1995 315.7 109.9 425.6
1996 527.3 124.0 651.3

Demographic'structure
showed an increase in the proportion of males over the period which
is consistent with a trend from the 1985 to 1989 in Norwegian

surveys. However overall abundance declined, especially for females.
In 1996 the total number of females has increased (text table).

Percent males
1985 1986 1987 19468 1989 1990 1992 1994 1995 1996

NoTway 43.8 41.4 53.5 58.5 58.0
Greenland 63.1 62.5 78.3 4.5 74.2 8l.0

x

3. SUMMARY OF ALIL INDICES -

Trends in catches

Increase from 1978 to 1980.

Decrease in 1981 and stabilazation in 82 and "83 at around 4.700
tonnes.

Steady increase from 1983 to 1988 to 12.500.

Decrease from 1988 tc 1995 and 1996.

Trends in effort

General increase from 1979 to 1989.
General decrease from 1989 to 1995 and 1996.

Trends in catch rates

Overall declining trend in the unstandardized catch rate from 1980
to 1989. ’

Considerable in¢rease from 1993 to 1994. .
A steady decrease for the standardized catch rate for both large
shrimp and all shrimp from 1987 to 1992 for Greenland.

Leveling off from 1992 to 1993

Increase in 1994 and stability in 1995.

Decline in 1996 in the north but stability when looking at north and
south combined.

Biomags estimate from research surveys

Number of shrimp estimated in 1996 the highest of comparable
surveys.

Demographic structure from research surveys

Increase in proportions of males since 1989 in Greenlndic surveys



SUMMARY OF ADVICE FROM PREVIOUS YEARS

The interpretation of the effects of fishing on the stock in the
Denmark Strait north of 65°N has changed since the firt assessment
was conducted in 1980. In 1981, it was thought that the decrease -
observed in the spring catch rates. were due to heavy exploitation.
Also it was considered that the stock was at the northern limit of
the species distribution range, and as guch, c¢ould be more sensitive
to exploitation. Therefore, a cautious approach for the exploitation
wag recommended, and a TAC of 5,000 tonnes (average catch 1981-1984)
was advised.

¥o TAC advice was provided for 1986, 1987 or 1988 because the catch
rates could not be interpreted as an index of stock abundance. In
1988, it was observed that increased catches o¢ver the previous
several years had no apparent effect on the resource and catch
levels at around 10,000 tonnes were recommended as an exploratory
level for several years.

Catch rates declined in 1987 and 198B, however catch composition and
biomass estimates from 1985 to 1989 suggested that the stock was
stable and in 1990 it was recommended that the TAC remain at 10,000
tonnes. The 1989 Norwegian survey showed that the stock was
dispersed and the seres well mirged. In 1991, the catch rate series
for the Greenrlandic fleeot was standardized to account for changes in
seasconality and fleet composition and it was interpreted that the
stock in 1989-90 was substantially lower than in the period of
stabilized catch rates. Also more males appeared in the catches and
there were indications of earlier sex change. These concerns
resulted in an arbitrary reduction of the TAC from 10,000 to 8,000
tonnes. The depressed conditions were still evident in the 1991
data and in 1992 a further reduction to 5,000 tonnes was adviced for
1993 and several years thereafter in an attemt to protect the
spawning bilomass and rebuild the stock.

STATUS OH THE RESOURCE

Unstandardized catch rates in the northern area for all pations
combined showed a declining trend from 1987 to 19892, but a
stabilization between 1989 and 1993 a rise in 1994 and 1995. Taking
the whole area into acoount the catch rates are stable. The
standarized catch rates of Greenland show also a decline from 1987
to 1992 and a stabilization between 1992 an 1993 followed by about
the same increase in catch rate in 1994 and 1995 as for that of all
fleets combined. Moreover there was an increase in abundance index
from low abundance of the years 1990 and 1992. As such this could be
an indication of improvement of the resource. ©On the other hand the
proportion of males to females is high according to Greenlandic
survey as well as according to the Icelandic commercial samples.

PROGNCSIS

The changes in fishing pattern {decline in changes in north area,
increased in south area) make assessment of this stock difficult.
The decline in catch rate in the northern area is difficult to
reconsile with other indices.

Catch rates are increasing in the southern area and are stable
congidering north and south area combined.

The 1996 survey indicates that abundance is being maintained in the
northern area.

Despite the uncertainty of the present assessment, it seems that the
stock has recantly improved, however, it remains below the level of

the mid-1980s.
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Tapia 1. North area. Catch rates (kg per hour trawling) and cormesponding effort (hours trawling) and catch {tons) from
the shrimp fishery in Denmark Strait nerth of 65° N, by all nations except Norway, combined in two periods of the year.

January-lune July - December
Year Courtry CPUE Effort Catch CPUE Eftort Catch
1880 |Greenland, Denmark 350 1665 582.0 128 2483 3200
lealand 125 1760 2183 101 5318 539.4
Faroe Islands 427 o115 3892.0
Total 374 12540 4693.3 110 7801 859.4
1981 Greenland. Denmark s T 4013 1588.0
France 248 1436 3530
lcelard 95 668 68.0 67 848 569
Subtotal 327 6137 2006.0 67 848 559
Total 327 6137 2006.0 67 843 - 56.9
1582 {Greenland, Denmark 220 B432 - 18550
Frarce 226 1833 414.0
Subtotai 221 10265 2269.0
Total ) 221 10265 2260.0
1583 Greenland 255 8752 1467.0
France 192 1516 291.0
leeland 99 52 51 161 ) 238 383
Suptotal 241 7320 17634 181 238 383
Total 241 IO 1TERS 161 258 383
1984 Greenland 340 6627 22500
Norway 181 11141 21280
Iceland 42 53 22 103 7184 7396
Subtotal 248 17821 43802 103 7164 7396
Total 248 17821 4380.2 103 7181 7398
1985 Greeniand 270 5469 17440 251 3389 852.0
France 154 2594 504.0 170 B14 138.0
Igetand a8 4485 386.0 o™ 14944 1398.0
Denmark 137 1482 2030
Subtetal 195 13548 26440 126 20629 2591.0
Total 195 13548 26440 126 20628 25910
1586 Greenland 288 14285 41140 437 3811 16670
France 175 3415 587.0 218 841 1830
lceland 73 3205 234 0 103 BAg3 8180
Denmark 226 1662 443 G 226 252 570
Faroe Islands 23 5428 506.0 416 531 221.0
Total 208 28285 5854 O 212 . 14328 3044 0
1987 Greenland 314 17667 55470 144 7502 1080.0
' Iceland : 79 46935 Ricciets]
France ) 241 2599 626.0
Denmark 144 2957 431.0 99 1250 124.0
Faroe islands 229 1636 3750 108 2088 220.0
Total 280 24898 6975.0 100 27655 21560
1888 Greanland . 218 24111 52850 157 13820 21650
feeland 107 1769 1B8.5 54 29735 12345
Frarce i 3138 4440 |
Denmark g5 3479 3290 98 1172 115.0
Faroe Istands 166 4031 668.0
Total 183 3628 6916.5 a3 3772y 35145
1989 Greenland 182 23343 4471.0 75 20038 1510.0
lceland 108 7835 84:7.3 45 10722 478.7
France 191 1525 2913 58 1536 838
Denmark 211 1336 2820 58 1450 840
Faroe islands 145 3035 433.0 93 1872 156.0
Total 17 37074 63306 85 35418 23185




Table 1 continued.

January-june July - December
Year Country CPUE Effort Catch CPUE Effort Catch
1990 Greenland 183 28956 54780 71 10298 7320
leetand 80 2538 203.8 68 1165 771
France 128 286 %0 <
Denmark 91 3304 3020 42 2120 860
Faroe Islands 122 5631 6850 8z 1925 158 0
Total 165 40715 6704.9 86 15508 1055.1
1891 Greenland 119 33582 3980.0 88 2560 225.0
lealand 218 1930 4211 104 423 43.7
France 115 1024 117.5
Denmark 7 3295 234.0 58 2123 1240
Faroce Islands 93 ’ Bé10 801.0 77 2659 206.0
Total . 115 48441 5553 & 77 7765 598 7
1992 Greenland 103 17612 1811.0 56 2087 201.0
leetand 211 8232 17333 101 169 171
Denmark 4 3013 @0 47 613 290
Faroa iglands . B8 T 7448 5080 56 6095 584.0
Total 115 36303 41833 §3 8964 8311
1893 Greenland ] 15073 1408.0 176 a7 17.0
lceland 184 13854 2548.4 216 21 4.6
Denmark a1’ 2094 853 72 353 254
Faroe Islards 66 8436 554.0
Totat 116 39457 4595.7 106 47 47.0
1994~ Gresnland 170 6197 1056.0
lceland 286 5233 1498.9 g2 167 15.4
Denmark 102 634 658 140 as2 1330
Faroe islands 164 1745 286.0 124 660 820
Total 210 13808 2906.7 130 1779 230
1995* Greenland 220 8468 1861.0 54 964 §2.0
Iceland 309 3721 1150.0 17 7 12
Denmark 160 1507 241.0 15 34 10
Faroe |slands 86 5558 5350 63 3347 2100
Total 197 19254 3787.0 &1 4352 264 2
1596" Greenland 87 1864 183.0
Iceland 242 2306 5880 163 41 67
Denmark 9 163 16.0 '
Faroe Islands 69 4943 3430
Total 17 8276 1081.0 163 41 67




Table2 Northarea Catch rates (kg per hour trawiing) and comaspending affort (hours trawhng).
and cateh (tons} fram the shwimp ishery in Denmark Strait north of 65° N, by years. Norway not included

Year Periods CPUE Effort Catch
1980 Jan-un ar4 12540 46933
Jur-Dec 110 7801 859.4
Mean/Total ’ 273 26341 5552.7
1981 JarmJun 27 €137 2006.0
Jui-Cec 67 848 56.9
Mean/Tatal 295 6585 2062.9
1982 Jamdun 221 10265 2269.0
Jul-Dec - - -
MeanTotal 221 10265 2269 0 4
1983 Jarnjun 241 7320 17631
Jul-Dec 161 238 383
Mean/Total 238 7558 1801.4 ‘|
1984 JanJun 246 17821 . 4380.2
Jut-Dec 03 7181 7396
Mean/Tolal 205 25002 5119.8
1985 JanJun 195 13548 2644 0
Jul-Dec 126 20629 2591.0
Mean/Tolal 153 34177 5235.0
1988 JamJjun 208 28295 5894 G
Jul-Dec 22 14328 30440
Mean/Tatal 219 42623 8538.0
1987 Jan-jun 280 24898 B570.0
Juil-Dec 00 27655 2754.0
Mearn/Total 185 52563 9733.0
1988 Jan-jun 189 36528 69165
Jul-Dec 93 kYera 35145
MearvTotal 140 74255 10431.0
1989 Janjun 171 37074 63308
Jul-Dec 65 35418 23185
Mean/Total 119 72493 86491
1980 Jan-Jun 65 40715 E6704.9
Jut-Dec ] 5508 1055.1
Mear/Totat 136 56223 T760.0
1991 Jan-fun 15 48441 58536
Jul-Dec 7 7765 598.7
MearvTotal 108 SE206 6152 3
1592 Jar-Jun 115 36303 41833
JukDec 83 aos4’ sa14”
Mean/Tolal T 45267 5014.4
1983 Jan<Jun 116 39457 45957
Jul-Dec 100 471 47 ¢
Mean/Total 116 39928 46427
1954 Jan-Jun 210 13808 2906.7
Jul-Dec 129 1779 2300
Mean/Tolal 201 16588 3136.7
1895* Jan-Jun 197 19254 37870
Jul-Dec et 4352 264.2
Mean/Total 172 " 23606 40512
1996" Jarun 117 9276 1081.0 -
Jul-Dec 163 41 87
L Mean/Total 117 9317 1087.7




Table 3. North and south area. Catch rates (kg per hour trawling) and corresponding effort (hours trawling) and catch (tons)
from the shrimp tishery by all nations combined in two periods of the year.

January-June

July - Dacember

Yaar Country ' CPUE Etiort Catch CPUE Effort Catch
1983 North 118 39457 4595.7 100 471 47.0
South 81 30677 249486 57 8753 500.0
Total 101 70134 7090.3 59 9224 547.0
1994 North 21¢ 13802 2908.7 | 129 1779 230.0
South 194 19738 38276 176 15977 2812.4
Total 201 33547 6734.3 171 17756 3042.4
1995 North 197 19254 3787.0 81 4352 2842
South 128 13676 17533 143 26007 3r07.7
Total 168 32030 5540.3 131 30359 39719
1996 North 110 18410 214t .4 163 41 8.7
South 219 168048 3517.6 387 2226 862.0
Total 160 35458 5659.0 383 2267 868.7

Table 4. North and south area.combined to the whole year as regards
effort, catch and CPUE.

Year Country CPUE Effort Catch
1993 Jan-Jun 101 70134 7090.3
Jul- Dec 59 9224 547.0

Total 96 79358 7637.3

1994 North 201 33547 6734.3
South 171 17756 3042.4

Total 191 51303 9776.7

1995° North 168 32930 5540.3
South 131 30359 3971.8

Total 150 63289 9512.2

1998" North 160 35458 5659.0
South 383 2267 868.7

Total 173 37725 6527.7
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Fig. 1. The different areas in the Denmark Strait and at east Greenland.
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Fig. 2. Catch and effort from the fogbooks weighted by nominal catches from the area north
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Fig. 3. Catch and effort in north and south combined.
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Fig. 4. The mean catch of every 3 years against unstandarized CPUE in the 4th year,
denoted by that year. North of 65° N.
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