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Abstract .

A method is proposed for using fish length distributions from standardized rescarch surveys for
estimating relative selection in the fisheries. The method is applied on data for North-east arctic
cod in the 1990-ies. Survey-related selection for the Norwegian trawl fishery is compared
between vears and between data covering different seasons and geographical areas. Some
uncertainties of the data are recognised and discussed. In spite of this there seem to be a fair
consistency among the data sources, leading to the conclusion that the selection on length
groups near the minimum catching size increased considerably in 1998 and has decreased in
1999 and 2000. Possible reasons for this development are indicated.

Introduction

In the literature comprehensive studies are available on how technical details of fishing gears
influence the size selection. Such studies form the basis for a number of regulations regarding
mesh size, sorting devises, gear dimensions and so on. The size selection for a fishery as a
whole depends on a number of additional factors that are difficult to predict or measure. Such
factors are (among many others); the spatial and seasonal mixing of different size groups of fish.
the price difference hetween size groups, technological development. quota limitations, by-catch
regulations and area closures. In addition the temptations to break the regulations may vary, for
instance depending on absence/ presence of coast guard vessels. Such effects work on various
time scales and geographical scales. Methods for monitoring changes in the size selection of the
fishery at various scales are needed, both for evaluating the effects of the existing regulations
and for improving the assessment and prediction of the stock situation.

Abundance estimation surveys are aimed at covering the whole stock. They are applying
sampling gears that are well documented and standardized between vessels and between years,
A change from one year to the next in the size distribution from a survey is expected to reflect
some change in the true size distribution of the stock, even though the survey catchability may
depend on the fish size. Size distributions from surveys could therefore work as a useful
reference to get a kind of relative selection when analysing the size distribution in commercial



153

A, AGLEN: Comparisons between size distribution in surveys and commercial catches. ..

catches. In this paper data on North-east Arctic cod from demersal fish surveys in the Barents
Sea and from the Norwegian trawl fishery have been used to compare survey-related selection
between years and to compare survey-related selection at various time scales and geographical
scales,

Material and methods

Table la gives survey estimates by length for cod in the Norwegian winter (February) bottom
trawl survey, for the period 1993-2000. This survey started in 1981, and since 2000 it has been a
joint Norwegian-Russian survey. In the late 80-ies and early 90-ies several changes in survey
methodology was introduced. Therefore, only the years after 1992 are used here. Jakobsen er al.
(1997) describe the survey and the changes in methodology. They also describe the functional
relationship between fish size and effective fishing width of the trawl assumed in the swept area
estimation procedure. For comparisons with other studies based on direct catch rates by length
in the research trawl, an attempt was made to remove this length dependent function in the
estimates, by applying a factor corresponding to the mid-point in each 5 cm length interval.
Since these factors have been applied directly on the total survey estimates it, is an
approximation compared to using raw data without length dependent fishing width. These
factors and the results are shown in Table 1b.

Annual trawl catch, all areas

Total annual landings by length for the Norwegian trawl fleet are shown in Table 2 for the
period 1993-2000. These data are as reported to the Arctic Fisheries Working Group (AFWG),
where catch by length is used as input 1o the “fleksibest” model. When these data were
calculated, the samples from catches and the samples from landings were treated equally. Over
this period the amount of sampling of catches has increased relative to the amount of sampling
of landings.

The ratio between annual catch by length and survey estimate by length can be considered as the
relative fishing pressure by length for a given vear. Since the fishery reflects the whole year,
while the survey only covers one month, the growth of the fish confuses the direct interpretation
of this ratio. The ratio by length can, however, be compared between vears, if it is normalised
for the annual overall fishing pressure. The ratio for the size groups having full selection could
be a useful measure of overall fishing pressure. Here it is assumed that fish above 60cm have
full selection. Relative selection RS; for length group / is therefore calculated as

RS= (Ci/Si) / (Coep/S=60) (1

Where C is catch in number and S is survey estimate in number.

First quarter catch, Western Barents Sea

Table 3 shows the catches of cod taken by Norwegian trawlers during the first quarter in the area
north of 70° N and west of 30° E. These catches are distributed on length according to total
number of cod measured by the Norwegian Coast Guard during inspections of Norwegian
trawlers in the same area and quarter. Table 4 gives the abundance estimates in the winter
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survey for the same area (Main Areas A.B.C and S, Jakobsen ¢t al. 1997). The Table also
includes values where length dependent fishing width is removed. as described above.

Relative selection is calculated by equation (1).

Julyv-August, Bear Island-Region

Another source of information for calculating relative selection in commercial trawl relative 1o
research vessel trawl is the data from the closed area monitoring surveys that are conducted by
the Norwegian Directorate of Fisheries. The purpose of these surveys is to evaluate the needs for
closing areas for fishing. in order to protect undersized fish. Here a typical commercial cod trawl
with 55 mm sorting grid (Sort X) is used. Some of these surveys overlap in time with the
Norwegian summer survey (Aglen 1999), where the standard research trawl is used. In July-
August 1997 and 1999 there was a reasonable overlap between these two surveys at bottom
depths between 100 and 300 m in ICES sub-Division llb, south of 76°30" north. Table 5 shows
the average catch rates (number of fish per n. mile towed) by length for the commercial trawl
and the research trawl for those surveys in the overlapping areas. .

Relative selection was calculated by equation (1) with the modification that the catch was

replaced by the average catch rate for the commercial trawl, and the survey estimate was
replaced by average catch rate for the research trawl (Table 5).

Mid August, small area (10 by 16 n.miles)

During the summer survey in 1995 two research vessels were inter-calibrating their research
trawls within an approximately 10 times 16 n. mile area to the west of Bear Island (between
74°13" and 74°22° north and 16°50" and 17°50" east), while, during the same week, three
commercial trawlers with observers onboard were working in the same area. Table 6 shows
average catch rates by length for each vessel in that experiment.

Relative selection was calculated by equation (1) with the modification that the catch was
replaced by the average catch rate for the commercial trawl, and the survey estimate was
replaced by average catch rate for the research trawl (Table 6).

Results

Relative selection was calculated by equation (1) from the data presented in Tables 1-6. Figures
1 and 2 show survey-related selection by length group for the annual catch and Figure 5 shows
survey-related selection for the first quarter catch in Western Barents Sea. The results were not
sensitive to whether the survey estimates were based on length dependent or fixed fishing with,
This is because the assumed length dependence is rather weak for the size groups with high
selection in the commercial fishery, and the scaling factor (ratio for all fish above 60 cm,
equation (1)) takes account of the systematic difference in assumed fishing width for large fish.

For the annual catch the between year variation in relative selection is largest for the largest fish
(Figures 1 and 2). During the winter survey a large, but variable, proportion of the largest fish is
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on spawning migration outside the survey area. This fish is available to the commercial trawlers
both on its spawning migration and in the Barents Sea during other seasons. When considering
only catches taken in the same area and season as the survey (Figure 3) it is seen that this
tendency of increased year to year variation for the largest fish is less pronounced. In the size
range 42.5 to 62.5 cm the between year variability is larger in the period 1997-2000 (Figure2)
than in the period 1993-1996 (Figure 1). The high variability in the last period is also confirmed
in the first quarter catches in the Western area (Figure 5). Figures 3 and 6 show that the relative
selection for the length groups 47.5 and 52.5 had a peak in 1998, remained fairly high in 1999
and return to the pre-98 level in 2000. A similar development is observed for the age groups 4
and 5 in the relative fishing mortality at age (Figure 4) taken from the last stock assessment
(ICES 2001).

The survey related selection calculated from the closed area monitoring survey show large
differences between July-August 1997 and July-August 1999 (Figure 7). Below 45 ¢cm the 1997
monitoring survey show higher selection than any of the other cases considered here. These
monitoring surveys may spend more effort in areas with concentrations of undersized fish and
could be biased compared to an ordinary abundance estimation survey.

The data from the individual commercial trawlers represents few hauls, and it is seen that
average catch rates differed largely between the vessels (Table 6), even though all the tows were
taken within few days in a quite restricted area. In spite of this, the relative selections for the two
vessels not using sorting grid are fairly similar, at least for fish lengths below 50 cm (Figure 8).
For the length groups 42.5 — 57.5 cm the relative selection “curve” for the vessel using sorting
grid is about 5 em further to the right than the other two. The two research vessels were in this
case towing in parallel (0.3 to 0.5 n.mile between the vessels) and they had a reasonable number
of tows. Here it is seen that the average catch rates for these two vessels are quite close for all
length groups above 22.5 cm (Table 6).

Discussion

The various data sources have different weaknesses. As mentioned the whole vear catch
includes catches from other seasons and areas than covered by the survey, and thus lead to some
uncertainties relating to the largest fish which is poorly covered by the survey. In addition the
growth of the fish confuses the interpretation of the results. These two factors are largely
reduced when only considering the first quarter catch in the western area. Here the results are
based on the Coast Guard inspections, which could be biased, because the Coast Guard may
focus on areas where by-catches are high or there are concentrations of undersized fish. In
addition. the amount of inspections has increased during recent vears. This could indicate that
the sampling strategy has changed over the same period.

The closed area monitoring surveys may be biased towards areas with concentrations of
undersized fish. In addition, the data are taken in an area and a season where the cod is known to
move around rather quickly. Therefore, some week time-lag between the closed area monitoring
and the research vessel survey could involve considerable changes in fish size distribution.

The data on individual commercial trawlers in the small area represents very few catches for two
of the vessels.
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In spite of these weaknesses it seems that the results from the different data sources within the
same year (Figure 9) are in most cases more similar than the results for the same data source
compared between years. This indicates that in each of the data sets there are some signals of
significant year-effects in the size selection in the Norwegian trawl fishery.

A systematic evaluation of all regulations, control measures, market developments and changes
in the fleet would be required to try to explain the between vear differences in selection
indicated in this study. At this stage only some hypothesis may be raised. One interesting pattern
is the development for the selection of the length groups 47.5 and 52.5 in recent years. It
decreased from 1996 to 1997 and raised considerably in 1998, then decreasing again in 1999
and 2000. The decrease in 97 could be caused by more extensive use of sorting grids, since it
was made mandatory from the beginning of the vear. In 1997 and 1998 the total quota was high
relative to the fishable stock and the quota was not reached. It seems that the fleet focused on the
large fish until it became more profitable to fish in areas with smaller fish. A shift in that respect
might have occurred during 1998. During 1998 the Norwegian Coast Guard inspections showed
an increased proportion of small fish in the catches, especially in the Grey Zone during the
autumn. In 1999 and 2000 large areas with undersized fish have been closed for most of the
year, In addition the quotas have been reduced. .
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Table |, Estimated number of cod (millions) by 5 ¢m length group in the total winter survey. The length groups are

labelled by the mid-point of the interval. =60 is the sum of all fish above 60 cm.

a: Estimates based on length dependent fishing width (as in survey reports)

b: Estimates converted to 25 m fishing width independent of length. Factor is the factor by 5 cm group used for

conversion,

Length
fcm) 175 22.5

a
1993 208.5 1759 60.0 900 1092 651 401 591 626 307 1253 76 48 613
1994 3244 1282 1530 1135 83.0 1149 1313 875 451 370 313 172 66 964
1995 3154 2128 97,7 849 1143 1034 983 1138 976 S51.7 252 173 101 1118
1996 3809 328.0 829 51.7 549 640 692 595 467 439 288 128 57 94
1997 604.4 367.3 1410 1099 501 315 349 376 348 238 153 100 61 3582
1998 3668 162.2 1383 1710 1398 846 423 229 167 144 104 76 37 390
1999 2457 960 1167 797 782 674 S08 290 134 67 50 41 32 212
2000 798 1820 131.,7 B57 679 552 462 463 310 159 T8 33 L7 303
2001 413 46.1 548 974 1113 801 599 460 287 193 127 65 35 439

]
e
i

325 375 45 475 525 575 625 675 T Ti§ 60

Factor 081 090 D9S8 106 112 119 124 130 135 139 139 139 139

1993 168.7 158.6 359.0 951 1227 772 498 767 B845 428 174 106 6.6 "B5S
1994 2625 1156 1504 1199 9332 1362 1633 1136 609 516 436 240 9.1 1344
1995 2553 191.% 960 897 1284 1226 1222 14738 131.7 7211 351 242 141 1559
1996 308.3 2058 BIS 546 616 758 B6.] 772 630 612 402 179 B0 1344 .,
1997 4892 331.3 1386 1160 563 373 433 488 469 332 213 139 84 812
1998 296.9 1462 136.0 180.6 1570 1002 525 298 225 200 144 106 5.1 543
1999 198.8 86.6 1147 841 879 799 632 376 181 93 69 57 44 296
20000 64.6 1642 1294 905 763 654 575 600 420 221 108 46 23 422
2001 334 416 539 1029 1251 950 745 596 3BE 268 177 9.1 49 612

Table 2. Annual catches of cod (millions) by 5 em length groups in the Norwegian trawl fishery (all areas). The

length groups are labelled by the mid-point of the interval. =60 is the sum of all fish above 60 cm.

Length
{c?u} 17.5 225 215 325 375 425 475 525 575 625 675 725 715 >80
1993 00 00 00 01 04 14 19 29 48 54 36 22 14 169
1994 00 00 ©O00 03 06 15 37 63 77 93 109 62 29 348
1995 00 00 00 00 01 05 19 61 133 140 97 61 36 361
1996 01 01 00 €1 03 09 20 43 64 B5 83 59 37 315
1997 00 00 00 02 06 10 18 34 60 B2 91 78 52 369
1998 00 00 01 04 11 26 47 60 56 53 47 38 27 215
1999 00 00 01 03 07 20 44 75 77 54 36 26 20 163
000 00 00O 00 01 O3 09 22 46 67 65 44 25 13 163
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Table 3. Catches of cod (millions) by length in the Norwegian traw! fishery in the first quarter in the Western
Barents Sea. The length distributions are based on Coast Guard inspections. N is number of fish measured, The

length groups are labelled by the mid-point of the interval. >60 is the sum of all fish above 60 cm.

Len
(EEI:; 12.5 17.5 2258 275 325 31LF 425 475 525 5§75 625 615 Ti5 TIS5 >60 N
1997 000 000 0.00 000 000 000 0.11 028 044 088 1.16 144 130 075 549 589
1998 000 000 0.00 000 004 020 0.50 0.68 064 077 0.80 1.09 0.86 047 381 1110
1995  0.00 0.00 0.00 0.00 0.01 0.03 023 0.60 093 101 080 068 057 043 3.00 6421
2000 000 000 000 000 001 004 0.15 043 128 203 300 214 089 032 6.6] 22618

Table 4, Estimated number of cod (millions) by 5 cm length group in the Western Barents Sea in the winter survey.
The length groups are labelled by the mid-point of the interval. >60 is the sum of all fish above 60 cm.

a; Estimates based on length dependent fishing width (as in survey reports)

b: Estimates converted 1o 23 m fishing width independent of length. Factors by 5 cm group used for conversion are
as specified in Table 1b.

Length

{cm) 128 175 228 215 325 Y15 425 475 525 575 625 675 T8 VIS5 =B N
a

1997 29754 642 327 124 1.17 0.73 082 1.14 142 1.69 143 106 0.73 043 391 13075
|998 47066 675 348 393 570 544 403 211 1.16 096 091 071 057 0.25.274 19134
1999 3982 299 122 125 144 260 3.11 271 1.68 OB4 047 039 032 027 167 B547
2000 3054 2,18 383 315 226 265 263 275 324 217 111 057 024 0.12 22] 10505
h

1997 22538 520 295 122 124 0OB2 098 142 185 228 199 147 100 0.60 545

1998 35651 546 314 387 602 611 478 262 1.51 129 127 099 079 035 3.82

1999 3016 242 1.10 123 152 292 368 337 218 1.14 066 055 045 038 233

2000 2313 1.76 345 309 233 297 312 241 420 293 158 079 033 0.7 3.09

Table 5. Average catch rates of cod (number per n. mile towed) in commercial trawl (CT) in the closed area

monitoring survevs and in research trawl (RT) in the Norwegian summer survey. All data restricted to the southern
part of ICES sub-Division [1b in July-August. The length groups are labelled by the mid-point of the interval. ~60

is the sum of all fish above 60 cm.

Length # of
(em) 17.5 225 27.5 325 375 425 475 525 575 625 675 V25 715 >60 hauls

CT 1997 001 046 111 438 620 389 394 512 553 613 374 274 1.80 15.76 23
CT 1999 001 00! 023 D70 1.05 293 697 B93 839 502 263 132 1121198 33
RT 1997 5830 2697 11.82 8.67 966 683 567 416 385 390 373 1.88 1.62 1189 50
RT 1999 3537 35.76 18.19 21.83 1273 834 1289 11.77 707 397 154 136 108 884 47

Table 6. Average catch rates of cod (number per n. mile) for individual vessels fishing in the same area in mid-
August 1995, RT1 and RT2 are research vessels using research trawl. CT1, C12 and CT3 are fishing vessels using
commercial rawl. CT1 used 55mm sorting grid, the other two fished without sorting grid and their combined catch
rates are shown (CT2+3 ) The length groups are labelled by the mid-point of the interval. =60 is the sum of all fish
above 60 cm.

Length # of

fcm) 17.5 225 275 325 375 425 475 525 575 625 675 T25 715  >60 houls
RTI 1633 174 225 309 260 341 225 176 270 347 213 102 60 775 27
RT2 2353 274 288 292 2862 356 250 186 280 376 212 119 67 833 27
CTl1 00 00 00 14 45 144 204 294 934 1414 1064 534 411 3891 8
CI2 00 00 00 09 19 1LB 172 234 471 655 407 241 170 1690 4
T3 g0 00 58 77 187 236 7235 1109 3162 4015 2123 B80S 713 '319. 3
CT243 00 0.0 14 235 39 146 304 444 1116 1460 B1B 376 300 3248 T
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Figure 3. Survey-related selection by years for the length groups 42.5, 47.5 and 52.5 for annual landings by
Morwegian trawlers in the years 19932000,

06 +—

_

: |

£ b JEp——
£ . .

:

01}

1993 1994 1885 1996 1887 1968 1820 2000

Figure 4. Relative fishing mortality (F) for age groups 3.4 and 5 (F relative to the average F for age groups 5 to 10)
for the tolal fishery of North-east arctic cod, as caleulated by the ICES Arctic fisheries Working Group (ICES CM.
2001/ACFM:19),
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Figure 5. Survey-related selection by length groups for the landings by Norwegian trawlers in the Western Barents
Sea during the first quarter.
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Figure 6. Survey-related selection by vear for the length groups 52.5, 47.5 and 42.5 for the landings by Norwegian
trawlers in the Western Barents Sea during the first quarter.
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Figure 7. Selection for commercial traw] relative to research vessel trawl based on comparisons in southern pan of
ICES sub-Division I1b during July-August 1997 and 1999,
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Figure 8. Selection for individual commercial trawlers (CT1, CT2 and CT3 ) relative to research vessel trawl. CT2
and CT3 fished without sorting grid and their combined results are shown (CT2+3), CT1 used 55 mm sorting grid.
The vessels were fishing close to the research vessels during mid August 1995,
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