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1. Introduction

Since 1982, the Federal Republic of Germany has annually carried out a random-stratified
trawl survey in Subarea 1. The purpose of the survey is to assess the size of the cod stock
The survey does not cover the inshore area where trawling in general is not possible. A pilot
study in the inshore area in 1986 showed that a considerable number of cod is found inshore
and in 1987 and 1988 the inshore area was covered by a longline survey. Inshore catch rates
(numbers caught per 100 hooks) have been converted to swept-area units (numbers per square

km) and in both years the inshore components were found to account for 22% of the total
stock.

In the assessment of the Subarea 1 cod stock, the combined survey estimates (assuming 22%
of the cod stock found inshore for all years} have been used face value (i.e. assuming a
catchability factor of 1) to:

1) Establish the stock size for projections.
2) Estimate mortality parameters (Z,F) and emigration coeflicients.

The purpose of the present work 1is to:

a) Dertve a rough estimate of the catchabllity factor.

b) Discuss the variability in calculated mortalities as derived from the surveys.

c) Discuss the problems associated with estimating stock size by 1 Jan 1989.
2. Abundance Estimates from Surveys

In 1987, the swept-arca estimate of the 1984 year-class was 800 mill. cod when back
calculated to 1 Jan 1987, which meant that this year-class was considerably larger than any
previous year-class as measured by VPA. The 1984 year-class was, however, not observed as
abundant as 1-3-year-old cod as were former sirong year-classes, nor was it distributed over
as wide an area as these. The Scientific Council, therefore, considered the 1984 year-class as

being of the same order of magnitude as former good year-classes, l.e. 500 mill. at age 3
(Anon, 1988). ) ‘

Adjusting this year-class (500 mill. at 1 Jan 1987) by-catches in 1987 and 1988 and
assuming a natural mortality (M) of 0.2 per year leads to 283 mill. by 1 Jan 1989. The
survey estimate from the trawl survey in November 1988, raised by the inshore component
(22% of total stock, Hovgard et. al, 1989a) leads to a total swept-area estimate of 590 mill.
cod of the 1984 year-class. This implies that the swept-area estimate is 2.08 times the
estimate based on a year-class size of 500 mill.
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Comparing catch rates of 4-year-old cod of the 1984 and 1973 year-classes (the latter being
the only year-class within the latest 20 years with a significant contribution of 4-year-old cod
to the fisheries} showed that the CPUE of the 1984 year-class was 2.05 times the CPUE of the
1973 year-class (Hovgard and Riget, 1989). Assuming that this ratio reflects the relative size
of the two year-classes and applying the 1973 year-class size at age 4 as calculated by VPA (M
= 0.2, E = 0.05 from age 6 onwards) lead to an estimate of the 1984 year-class size of 316
mill. (age 4). The swept-area estimate of the 1984 year-class from the combined trawl and
longline surveys showed a year-class size of 681 mill., l.e. exceeding the VPA-CPUE estimate
by a factor of 2.16. :

Preliminary runs of ADAPT (Table 1-5) with integrated use of catch-at-age data and survey
results (trawl ralsed by inshore component} for the 1982-88 period showed a relation between
survey estimates and calculated numbers at age of 2:1 for the fully recruited age groups
{above age 5} Table 4. '

Available information, therefore, indicates that the swept-area abundance should be reduced
by a factor of about 2. Reducing the swept-area estimate is equivalent to assuming that more
fish is caught than are found immediately in front of the trawl wings, i.e. that fish are herded
intoc the trawl path by doors and sweeplines at a higher rate than concurrent escapement, For
cod above 50 cm [age 5 and older) this seems reasonable as the escapement of such cod from
the trawl is in the order of only 10% (Walsh, S., 1989). Smaller cod do, however, escape

below the ground rope of the trawl at much higher rates and their abundance is hence under
estimated by the survey.

For the younger age groups a factor of about 2 can, therefore, not be applied as these fish are
not fully recruited to the survey. The abundance of the 2-4-year-old cod can, however, be
estimated relatively to each other from survey time series. These relative indices can then be
scaled up as some of them have later been fully recruited to the fishery. :

Variability in Mortality

Estimates of total mortality {Z) of any year-class is estimated from the abundance estimates

from successive surveys (In(N /N2). This estimate is not influenced by the assumptions of.

catchability as long as this factor remains constant over time. However, the abundance
estimate [Ny, No) are subjected to substantial variation (typically total abundance having a
95% confidence ?nterval of +40%)} and this variablility is carried on to the estimation of Z's.

Total mortality (Z) calculated from the survey for the fully recruited ages (5+) for 1983-88 leads
to an average Z of 0.72 for the period but with large between year variations (Table 6).

l .
In previous assessments (1984-1988) this difference In Z's was attributed to large scale
migrations in or out of the West 'Grccnland -arca. However, evaluation of the migration from
West Greenland to East Greenland and Iceland from historical tag return data suggests’ that
the migration is basically a one-way West to East migration (Hovgard et al., 1989b) and that
the magnitude of this migration is relatively constant over the years (Riget and Hovgard, 1989),

Assuming a constant migration the large varlations in total mortality are then attributed to
variability in survey results (statistical noise or year to year variations in availability of cod to
the survey). The overall mean of Z's (0.72 per year) could, however, be a falr expression of the
average Z in the 1983 to 1988|period. A natural mortality {M) of 0.20 per year and an
emigration coefficient (E) of 0.05 per year leads to an average fishing mortality in the 1983-88
period of 0.45. This value is below the values for the 1970's (average F's of 0.6-0.7), which
seems quite reasonable taking the depleted stock size and the restrictions on the fisheries in
the 1983 and 1988 period into account. A VPA has been conducted using terminal F's of 0.45
on age 5+ to evaluate recent variation in fishing mortality (Table 7-8), :

Estimation of the Stock Size by 1/Jan 1989

I
At present, the cod stock off West Greenland is dominated by the 1984 year-class which alone

accounted for 90% of the catch%:s in 1288. Assessing stock size 1s, therefore, In effect to
estimate the size of this year-class.

The size of the 1984 year-class {s vastly greater than any of the year-classes preceding it: 20-
100 times as large as the 1980-83 year-classes (Table 1 and Table 8). At present, fisheries
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.concentrates on this year-class and catches of older cod can be regarded as largely a by-catch.
Using average fishing patterns derived from historical data therefore make little sense. Tuning

the VPA by ADAPT does not solve this problem as a ADAPT -implicit assumes a constant
fishery pattern. : S

VPA techniques will therefore not be. useful for estimating stock size to be used in projections.
However, the VPAs can be uséd to generate historical F's and spawning stock blomasses..

In last years assessment (Anon, 1988) it was recognized - that the 1984 .year-class was very
strong but it was not felt likely that the year-class was much larger than good year-classes in
the 50's and 60's. For this reason, the year-class size was estimated to 500 mill. age 3.
Although the survey results in 1988 confirms that the year-class is very strong, the actual size
dependent on the assumptions of catchability. At -present, the best approach might be to-
assume a year-class size of 500 mill. and reduce this number by natural mortality and
catches taken in 1987 and 1988, By doing this, a catchability factor of around 2 is implicitly
assumed. Although this factor might appear large, it is at least not in contradiction with

factors derived by CPUE compartsons with previous periods or with the catchability estimated
- by the ADAPT tuning. , ' a :
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" Table. 1. 1 Jan opulation numbers Sub A e
o by ADA%’II‘) on numbe.rs f_or cod in Subarea 1 as calculgt_ed by VPA, tuned
" POPULATION NUMBERS (000S)
b 1982 1983 1984 1985 4986 1987 1998
e e e e e e em—
-3 EES73 11403 {1730 2332 15332 1zege4 222453
41| R2TH 0724 3213 BEST 0 23R9 . 11930 1003925
31 5623 2838 22647 3083 5623, 1745 7108
& | 7346 - 27473 1281 1514% 2808 - 3738 933
7 5231 3104 £192 373 3901 1907 2043
g1 179¢% 2318 1022 1596 150 2343 . 949
91 1392 633 527 7G3 38 1G6 . 1844
oL . 432 850 228 400 510 160 3
| 144574 100214  5288{ 33549 23276 1221988 1338960
Table 2. - Fishing mortality as derived from the ADAPT tuning,
FISHING MORTALITY
| 1982 1983 1934 1995 1986 {987 1928
—-—+ ————————————————————————————————————————————————————————
31 0,020 0,008 0,059 0.157 C0.001 0,008  0.003
41 0,242 0.323 0,300 . ¢.181 0,056  0.268  0.058
o9 0.433 0,879 0.3529 0.343 0.45 0,314 0,124
5 1 0.511 1,240 0.363  0.55¢ 0,127 0.359%9 0,813
71 0.583 0.881 1,106 Q.67 0,260  0.420 0,437
21 0.745  0.886 Q1325 0,7TEC 0,095 - C.402 0,932
21 0.682 0,846 0,551 C,070 | 1,042 0,125 0,599
161 0.4282 1,165 (.643 0.497 0,19 G.330 0.3%0
. Table 3. Standardized restduals for RV index (s.e. = 1 for log model)
| 1982 1982 . 1984 1985 1986 1987 1988
i e e R e e A o o = = = = — o = 1
"3 0.875 0,02 0,47 0.378  0.180 0,230 $.000
4 | 1.48 0,253 71,090 0,178 70,952 0,742 T0.3t1
31 70,108 1,083 70,819 0,698 0.254 0,9%0 T0.703
&1 - 0.880 0,14 0,148 70.5% "1.348 0,905 T0.13
T 0,308 0.386 0,156 0.441 70,548 0.121 70,291
g1 0.440 0.248 T2.087 0.058 0Q.007 0,616 0,732
9 1 1,378 Q.58 0,422 73,059 1.125% 70,162 0,358
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 Table 6. Estimated Z from sufvey aﬁimdancc by age groups and years®.

Year 1983 1984 1985 1986 - 1987 1988
Age 5 0.61 ~ 1.24  -.41  -.29  (-1.99)  1.27
6 110 1.98  0.37 0.87  -0.21  (2.02)

7 1.40 1.84 0.83 0.71 ~0.29 2,09

8 .81 (3.25) 1.2 (1.22)  -0.09 0.80

g 7,1.03 1.8 (1.36) (0.30) - 0.98

10 (2.32) (2.88) (2.59) (0.10) 0.3 -

welghted

mean  1.14  1.48  0.37  0.22° 1.47

-0.37

* Estimates based on low abundances are given in brackets.
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Fishing mortality as dertved by convcntional VPA assuming F =
traditional fishing pattern.

0.45 and a

=0
>
o
-
Ce
(a8 ]
b
A
(%]
oo
ra
<
]
'S
wn
v ]

Population numbers as gexierated by the conventional VPA.
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