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Abstract

This paper describes a systematic approach that combines research survey and com-
mercial landings data to estimate the total catch of a species, including discards, in a com-
mercial trawl fishery. The method is applied to the 1989 Norwegian bottom trawl fishery for
cod (Gadus morhua L.) in the Barents Sea and its utility is evaluated. Bottom trawl survey
data together with results from cod-end selectivity studies of the regulated mesh size are
used to determine the 'expected' commercial catch composition in percent-at-length, thereby
simulating the catch composition of a commercial vessel fishing at randomly located sta-
tions. The commercially landed fish numbers-at-length are adjusted upwards to reflect these
‘expected' catch levels. The minimum legal market length is then used for a knife-edge
estimate of numbers likely to have been discarded.

Results indicate a 7.4% increase in the 'estimated' total catch in 1989 over the num-
bers landed. Of this increase, 732 000 fish or 6.9% of the total catch would have been
discarded or not reported as catch. Results are plausible as examined through comparison
of 'estimated' catch mean lengths with mean lengths from:  1) the 1989 Norwegian commer-
cial catch of cod sampled through a surveillance program;  2) 1989 standard Norwegian
trawl surveys; and  3) a 1989 cooperative trawl survey in the Barents Sea. Comparisons
illustrate basic differences in length selection between survey and commercial trawl gear,
and effective differences in mean lengths of catches from randomized surveys and com-
mercially directed fisheries.
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Introduction

Total catch, including discard, is a difficult fish-
ery statistic to estimate. Direct observation through
a carefully designed sea sampling program onboard
commercial vessels is the standard approach. How-
ever, such data are expensive to obtain, can be bi-
ased, and are generally imprecise relative to land-
ings information. In this paper, the utility of estimates
based on data collected through carefully designed
scientific surveys of the exploited population, com-
bined with selectivity studies of the appropriate
gear, is explored as a practical alternative.

Under certain circumstances, e.g. recruitment
of large year-classes as they become vulnerable to
commercial gear or the use of relatively small cod-
end mesh sizes by commercial trawlers, a signifi-
cant component of the catch may be 'undersized',
either practically (not marketable for human con-
sumption) or legally; in the latter case they should
be thrown back into the sea as discards, in the

former case they may be processed for industrial
use, i.e. pet foods, plant fertilizers, etc.. In either
case, such captures represent a direct loss to a
stock’s current levels of abundance and biomass.
Survival studies of undersized cod onboard a re-
search vessel in the Gulf of Saint Lawrence sug-
gest that after lying on deck for up to 30 minutes
typically, at temperatures less than 8°C, 100% mor-
tality should be assumed (Jean, 1963).

The magnitude discarded of commercially valu-
able species is a critical concern to effective fish-
ery management, depending on their chances of
survival. Stock production may be significantly un-
derestimated if discarding is high and not incorpo-
rated into the analysis. For such reasons, a resolu-
tion by the International Council for the Exploration
of the Sea (ICES, 1976) stressed the importance of
collecting discard data, and of reporting these data.

This paper examines a systematic approach to
the estimation of total catch. It examines the 1989
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Norwegian commercial bottom trawl f ishery for
Arcto-Norwegian cod (Gadus morhua L.) in the
Barents Sea (ICES Subarea I, Fig. 1). This simula-
tion technique uses standard survey data as a
measure of the 'true' exploitable population. Appro-
priate gear selectivity curves are applied to deter-
mine the catch anticipated from using commercial
gear. Numbers landed are then adjusted upwards
to reflect this 'expected' catch. Lastly, the regulated
minimum market length is applied to the 'expected'
catch as a cull point, for knife-edge approximation
of numbers likely to have been discarded.

Material and Methods

The effective (regulated) cod-end mesh size for
the Norwegian trawl fishery for cod in the Barents
Sea (ICES Subarea I) in 1989 (135 mm) was used
in conjunction with respective selection curves to
determine the 'expected' percent retention at length
of the commercial catch, given random fishing dur-
ing each calendar quarter. Selectivity curves gen-
erated using a trouser trawl with the Norwegian
trawler M/Tr 'Anny Kræmer' (Alfredo-3 trawl, 137 mm
cod-end mesh size) were considered appropriate
to represent gear used in the national fishery.

A number of factors will effect mesh selectivity,
e.g. catch size, tow duration, tow speed, trawl ge-
ometry, the bulbous shape of a cod-end trawl un-
der tow, construction and thickness of mesh twine
material, bottom type. The effect of catch size, how-
ever, is a factor which cannot be controlled through
experimental design. Accordingly, in this study se-
lectivity curves were used that are conditional upon
catch size (Isaksen et al., 1989).

Typical catch sizes (mean and mode, total
weight in kg) of individual hauls in the 1989 Norwe-
gian commercial fishery were evaluated to deter-
mine appropriate weight categories for selectivity
curves (Isaksen et al., 1989) reflecting patterns in
the 1989 national fishery. A selection curve corre-
sponding to an average catch of 1 900 kg/tow was
taken as standard (50% retention length (L50) = 54.2
cm, selection range (s.r.) = 14.2 cm, and selection
factor (S.F.) = 3.9) and used in all instances other
than the 3rd quarter of the year (Qtr 3), for which a
curve corresponding to 450–475 kg/tow average
catch (L50 = 56.2 cm, s.r. = 11.8 cm, and S.F. = 4.1)
was determined appropriate for both areas.

The Institute of Marine Research (IMR), Bergen,
Norway, has carried out combined bottom trawl and
acoustic surveys for cod in the Barents Sea since
1981. Commercial catch statistics were collected
routinely for this area through the Norwegian Direc-
torate of Fisheries; IMR collected length and age
samples of these landings. Additionally, the Insti-

tute of Fishery Technology Research conducted
studies of cod-end selectivity for Norwegian bot-
tom trawlers in the Barents Sea during 1989. These
data are readily available and represent the most
comprehensive information describing the condition
of the stock, and the conduct of the Norwegian bot-
tom trawl fishery.

Concerning the effects of gear-induced dam-
age on catch survival, studies of scale loss and
mortality indicate that cod are highly resistant to it.
No mortality of cod was observed in studies con-
ducted under these conditions at IMR (Soldal et al.,
MS 1991). The survival rate of cod escaping through
a 135 mm diamond mesh cod-end, typical of the
Norwegian bottom trawl fishery, can thus be as-
sumed as 100%.

Estimates of numbers-at-length from IMR stand-
ard surveys, conducted using a 35 mm Campelen
1 800 shrimp trawl (Fig. 2), were here assumed to
represent the 'true' population composition. It was
also assumed that the 1989 winter survey (25 Janu-
ary–15 March 1989) data could be used to estimate
population characteristics representative of calen-
dar Qtrs 1 and 2; it was likewise assumed that the
autumn survey (9 September–8 October 1989) data
would yield estimates representative of Qtrs 3 and
4. To adjust for differences in selectivity between
commercial and survey sampling trawl gear, per-
cent retention-at-length from selectivity curves for
commercial gear was applied to survey numbers-
at-length for selected areas and times of year (Ta-
ble 1). This adjusted survey catch was assumed to
represent the 'expected' catch from a commercial
vessel fishing the way the survey was conducted,
i.e. at random locations.

Relative length frequencies of the 'expected'
catch were converted to percentages at length, and
applied to actual numbers-at-length of cod landed
commercially for the same time and area (Table 1).
Thus, reported landings were adjusted upwards to
include undersized fish in the exploited population,
vulnerable to the gear but not legally marketable.
Differences between numbers-at-length 'expected'
in the catch and actual numbers landed at length,
imply numbers of fish caught but not reported as
landings, i.e. discarded or retained for industrial use.

Numbers-at-length landed commercially were
adjusted upwards according to the ratio of 'ex-
pected' over total numbers landed, and left un-
changed where 'expected' catch was lower (Table
1). Granting that no fewer fish can be caught than
numbers landed, accommodates this estimation
procedure. However, it is recognized that inherent
differences in length selection for random vs commer-
cially directed fisheries do exist. Such differences were
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Fig. 1. Map of International Council for the Exploration of the Sea (ICES) Convention Area showing
ICES Subareas (Subarea I is the Barents Sea).
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Fig. 2. Schematic representation of discard/total catch
estimation technique.  Figures on length scale
represent lower end of 5-cm intervals.

not simply related to the gear type, but to fishing
strategy, particularly the targeting of larger sized
fish.

Numbers of smaller (discard sized) cod, 'ex-
pected' in the catch but not landed, were included
as part of the catch based on percent 'expected'
relative to total numbers landed (Table 1). Numbers
discarded constitute the 'expected' catch below the
regulated minimum market size of 42 cm set by the
Joint Norwegian-Soviet Fishery Commission (Anon.,
1988). Numbers landed above this cull point com-
bined with numbers 'expected' in the catch below
the cull point were defined as 'estimated' catch.
Actual landings data were available only in 5 cm
length intervals, thus the 40–44 cm interval was
used as cull point, regarding fish in this interval (and
below) as discard size.

As results are examined, it may be inappropri-
ate to assume independent random samples of in-
dividual fish from trawling due to intra-haul correla-
tion, or the tendency of fish to be clustered by size
(Pennington and Vølstad, 1994), i.e. the lengths of
fish tend to be more similar within tows than be-
tween. Standard methods of comparing frequency
distributions, e.g. the Kolmogorov-Smirmov test,
assume a random sample of individuals and, hence,
are not applicable for comparisons of length data
from trawl catches.

An alternative method for testing differences in
size composition of two populations of interest is to

compare the overall mean lengths of trawl catches
(Pennington and Vølstad, 1994; Godø et al., 1990).
If mi denotes the number of fish caught at the ith

station, and xij is the measured length of the jth in-
dividual, the mean length of fish within a station is:

  X i = Σx ij / m i

and the population mean is estimated by the ratio
estimator,

  x = Σm i X i / Σm i

which is a weighted mean of the station means.

The variance of x is estimated by jackknifing
(Efron, 1982; Godø et al., 1990). Biases may be in-
troduced into ratio-estimates of mean length and
standard error by clustering, or by the variability in
ca tch  s ize  be tween hau ls .  The  ' jackkn i fe
nonparametric resampling' method minimizes such
effects (Efron, 1982). The differences in mean length
of catches from two gear types sampling the same
population, at varying times, can also be compared
using this approach. Results of this analysis were
examined through comparisons of a number of per-
tinent overall mean lengths (the weighted mean of
all means, ignoring empty hauls) and their variances
for catches made in ICES Subarea I (Statistical Ar-
eas 3 and 13).

Mean lengths of 'estimated' catch were com-
pared with standard survey means within different
size ranges by time and area:  1) within the range
of exploitation by the gear (xij >30 cm); 2) within
the range of discard sized fish (30 ≤ xij ≤ 44 cm);
and 3) above the length of 100% retention (xij >74
cm). Furthermore, 'estimated' and 'expected' catch
means (xij >30 cm) were compared to suggest the
utility of this simulation method for the full range of
exploitable lengths.

Mean lengths of 'estimated' catch were also
compared with commercial catch mean lengths from
the 1989 Norwegian cod trawl fishery obtained
through Norway's Surveillance Program. Initiated in
1983, this program functioned to monitor levels of
stock removal for compliance with the '15 Percent
Rule' through direct observation, as this rule was
defined such that, an area is subject to closure if
more than 15 percent of the catch-per-tow within
an area falls below the length of 25% retention with
respect to the selectivity curve adopted for the le-
gal cod-end mesh size (135 mm in 1989).

Simi lar  compar isons are made wi th mean
lengths from the 1989 Cooperative Trawl Survey
(COOP Survey) in the Barents Sea (Godø and
Korsbrekke, MS 1990).  This survey (24–29 Octo-
ber 1989) was carried out by 15 trawlers using
standard  commercial gear (typically Alfredo-3 or
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TABLE 1. An example of estimation technique (landings adjusted upwards) for Norwegian total catch-at-length of
Barents Sea cod, as applied to 1989 Quarter 1 landings fromICES Subarea I, Statistical Area 3 (see Fig. 1).

Winter Random
Survey % Fishing QTR 1

Fish Retained QTR 1 Total
Length Number for 1900 Number % Number % % Expected

(cm) Landed kg/tow Expected Expected Landed Landed Change Catch

0–4
5–9 183

10–14 5 800
15–19 484
20–24 3 034
25–29 7 854
30–34 19 631 0.010 196 0.006 0.006 20 434
35–39 36 505 0.031 1 132 0.036 0.036 117 792
40–44 31 054 0.116 3 602 0.115 6 900 0.002 0.113 374 953
45–49 17 754 0.260 4 616 0.147 153 500 0.047 0.100 480 475
50–54 14 818 0.423 6 268 0.200 628 300 0.192 0.007 652 426
55–59 11 483 0.610 7 005 0.223 1 207 800 0.370 -0.147 1 207 800
60–64 6 338 0.780 4 944 0.158 788 900 0.241 -0.084 788 900
65–69 2 016 0.929 1 873 0.060 216 400 0.066 -0.007 216 400
70–74 788 0.988 779 0.025 118 600 0.036 -0.011 118 600
75–79 363 1.000 363 0.012 41 800 0.013 -0.001 41 800
80–84 326 1.000 326 0.010 34 900 0.011 -0.000 34 900
85–89 134 1.000 134 0.004 34 900 0.011 -0.006 34 900
90–94 11 1.000 11 0.000 20 900 0.006 -0.006 20 900
95–99 79 1.000 79 0.003 6 900 0.002 0.000 8 223

100–104 57 1.000 57 0.002 0.002 5 933
105–109 6 900 0.002 -0.002 6 900

>30 cm 141 357

Total 158 712 31 384 1.000 3 266 700 1.000 4 131 336
22.20%1 +26.47%2

1 refers to percentage expected (retained) in catch from true survey population.
2 refers to percent increases in total expected catch over landings.

Cortesi-3 trawls) with legal cod-end mesh size (135
mm).  Two vessels us ing the standard survey
Campelen 1 800 shrimp trawl conducted 'parallel'
hauls alongside those trawlers that used standard
commercial gear. Three hauls every 24 hours addi-
tional to those allocated through the systematic
design of the survey, were selected by the fisher-
men as would be done commercially, i.e. on con-
centrations of larger fish to maximize profit.

Mean lengths were compared in different cat-
egories assuming that:  1) 'estimated' catch should
resemble commercial catch as sampled through the
Surveillance Program, and the COOP Survey catch
from stations selected by fishermen; and that  2)
standard Norwegian survey and COOP Survey par-
allel hauls should be similar, as they both were con-
ducted using standard survey gear.

The mean lengths of catch estimates presented
were regarded as fixed. In reality, mean lengths of
commercial landings and catch were determined

from landings samples, thus, available data did not
facilitate estimation of their standard error.

Results

Total Catch Estimates

'Estimated' numbers of cod caught in ICES
Subarea I in the Norwegian bottom trawl fishery
during 1989 are presented in Table 2. This value
represents actual landings of fish above the cull
point,  plus the 'expected' catch within the discard
range (Fig. 3 and 4). 'Estimated' numbers caught
total 10.7 million, a 7.4% increase over the num-
bers landed. Of this increase, 732 000 fish were
discarded or not reported, representing 6.9% of the
'estimated' total catch based on the regulated cull
point.

Comparisons of Mean Length

1) Comparisons of Norwegian 'estimated' catch
mean lengths, by quarter and area, with stand-
ard survey mean lengths within the exploitable
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Fig. 3. Norwegian landings and 'expected' total catch estimates for 1989 Barents Sea Arcto-
Norwegian Cod within the exploitable length range (>30 cm).  Figures on length
scale represent lower end of 5-cm intervals.

length range (>30 cm) on average showed
larger fish (5–15 cm) in the commercial catch
(Table 3). This followed the tendency that com-
mercial fishermen do not fish randomly, but
rather aim to maximize profit by targeting the
most marketable, i.e. most valuable sized fish.

2) The tendency in Comparison 1 was again ob-
served through comparison of mean lengths
(>30 cm) from COOP Survey parallel hauls us-
ing standard survey trawl gear, with hauls made
in locations selected by commercial fishermen
to maximize catch. In this comparison, as an-
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Fig. 4. Norwegian landings and discard comprising the 'estimated' catch for 1989 Barents
Sea Arcto-Norwegian Cod based on the 40–44 cm cull point.  Figures on length
scale represent lower end of 5-cm intervals.

ticipated, mean lengths from parallel hauls were
not statistically different from the standard sur-
vey means. Stations selected by fishermen
showed larger fish (about 10 cm) than the com-
parable catch from the systematic survey.

3) Similar results were observed in an analogous
comparison of means: standard survey means
compared with COOP Survey means from sta-
tions selected by commercial fishermen. Here,
the standard survey means were again not sta-
tistically different from COOP Survey means
from parallel hauls, and COOP Survey stations
selected by fishermen were comparable to 'es-
timated' catch means. As observed in Compari-
sons 1 and 2, mean lengths from COOP Survey
stations selected by fishermen were larger
(about 10 cm) than survey means. By category,
mean lengths in Comparisons 1, 2, and 3 were
not statistically different.

4) Mean lengths from the standard survey were
then compared with COOP Survey means from
parallel hauls. These catches from parallel hauls
were assumed comparable because both were
made with standard survey gear using random
or systematic location of stations. Mean lengths
from the two surveys were not statistically dif-
ferent as measured through their standard er-
rors.

5) Mean lengths from COOP Survey stations se-
lected by fishermen were compared with means
of 'estimated' catch. As anticipated, mean

lengths from these two sources were very simi-
lar, particularly during Qtr 4 when the COOP
Survey actually took place.

6) Commercial catch mean lengths sampled by the
Surveillance Program, available for Qtrs 1 and
2 only, were not statistically different from 'esti-
mated' catch means.

7) 'Estimated' catch means were very similar to
'expected' catch means, suggesting that over-
all length composition of commercial catch
(>30 cm) was simulated reasonably using this
approach. This was supported by COOP Sur-
vey stations selected by fishermen, which had
similar catch means to both 'estimated' and 'ex-
pected'.

Comparisons of Mean Length for Discard Sized Fish

1) Mean lengths of 'estimated' catch below the
minimum market size, and standard survey
means in this range (30–44 cm), are compared
(Table 4). These means were similar, however
survey means were slightly smaller (2–4 cm) due
to differences in selectivity between commercial
and survey gear. Mean lengths of commercial
catches were larger due to use of cod-end mesh
sizes allowing escapement of smaller fish.

2) Similar to Comparison 1, mean lengths of dis-
card sized fish from COOP Survey parallel hauls
and COOP Survey stations selected by fisher-
men were very similar, showing slightly larger
means for catch taken using commercial gear
in a directed effort.
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with COOP Survey stations selected by fisher-
men were very similar. As would be anticipated,
the directed effort showed slightly larger means.

TABLE 3. Comparison of cod mean lengths x ) with standard error (S.E.)1 for 1989 exploitable catch (>30 cm) from
standard Norwegian winter (Qtrs 1 and 2) and autumn (Qtrs 3 and 4) surveys, the Cooperative Survey, esti-
mated total catch, the Surveillance Program, and expected total catch for ICES Subarea I statistical areas 3
and 13 by calendar quarter.

SA 3 SA 13

QTR 1 QTR 2 QTR 3  QTR 4 QTR 1 QTR 2 QTR 3 QTR 4

 x (S.E.)  x (S.E.)  x (S.E.)  x (S.E.)  x (S.E.)  x (S.E.)  x (S.E.)  x (S.E.)

1) Standard Survey 48.4 (3.6) 48.4 (3.6) 57.2 (1.9) 57.2 (1.9) 42.4 (1.0) 42.4 (1.0) 56.3 (1.6) 56.3 (1.6)
     vs
Estimated Total2 57.2 ( – ) 54.1 ( – ) 63.4 ( – ) 66.7 ( – ) 56.0 ( – ) 53.3 ( – ) 63.2 ( – ) 66.6 ( – )
Catch

2) COOP Parallel3

    Hauls 56.7 (2.6) 55.8 (1.0)
     vs
COOP Stations 66.9 (0.8) 64.5 (0.5)
Selected by
Fishermen

3) Standard Survey 57.2 (1.9) 56.3 (1.6)
      vs
COOP Stations 66.9 (0.8) 64.5 (0.5)
Selected by
Fishermen

4) Standard Survey 57.2 (1.9) 56.3 (1.6)
      vs
COOP Parallel 56.7 (2.6) 55.8 (1.0)
Hauls

5) COOP Stations
Selected by
Fishermen 66.9 (0.8) 66.9 (0.8) 64.5 (0.5) 64.5 (0.5)
     vs
Estimated Total 63.4 ( – ) 66.7 ( – ) 63.2 ( – ) 66.6 ( – )
 Catch

6) Surveillance
Program 54.8 (4.7) 56.8 (4.3) 48.9 (2.9) 56.7 (6.1)
     vs
Estimated Total 57.2 ( – ) 54.1 ( – ) 56.0 ( – ) 53.3 ( – )
Catch

7) Expected Total4

Catch 56.5 ( – ) 55.1 ( – ) 65.0 ( – ) 65.8 ( – )  55.3 ( – ) 54.0 ( – ) 63.3 ( – ) 64.3 ( – )
     vs
Estimated Total 57.2 ( – ) 54.1 ( – ) 63.4 ( – ) 66.7 ( – ) 56.0 ( – ) 53.3 ( – ) 63.2 ( – ) 66.6 ( – )
Catch

1  Jackknife estimates of mean and standard error (see Efron, 1982).
2  Estimated Total Catch = Landings > cull point + Expected Total Catch < cull point.
3  Cooperative survey conducted October 24-29, 1989.
4  Estimated, and Expected Total catch means are arithmetic and fixed, estimates of standard error are unavailable.

3) As observed for the full range of exploitable
lengths (>30 cm), comparisons of means in the
discard range (30–44 cm) of 'estimated' catch
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 4) Commercial catch mean lengths for discard
sized f ish sampled di rect ly  by observers
through the Surveillance Program were not sta-
tistically different from 'estimated' catch means
in this size range.

Comparison of Mean Lengths Above 100% Re-
tention

5) Means above the length of 100% retention on
the selectivity curve were not statistically dif-
ferent for COOP Survey parallel hauls and

TABLE 4. Comparison of cod mean lengths ( x ) during 1989 with standard error (S.E.)1 for discard sized fish (30–44
cm), and lengths above 100% selection (>74 cm) from Norwegian winter (Qtrs 1 & 2) and autumn (Qtrs 3 & 4)
standard surveys, the Cooperative Survey, the Surveillance Program, estimated and expected total catch for
ICES Subarea I statistical areas 3 and 13 by calendar quarter.

SA 3 SA 13

QTR 1 QTR 2 QTR 3 QTR 4 QTR 1 QTR 2 QTR 3 QTR 4

 x (S.E.) x (S.E.) x (S.E.) x (S.E.) x (S.E.) x (S.E.) x (S.E.) x (S.E.)

Comparison of Discard Sized Fish (30–44 cm)2

1) Standard Survey 37.0 (1.6) 37.0 (1.6) 38.0 (0.3) 38.0 (0.3) 38.2 (0.3) 38.2 (0.3) 39.4 (0.7) 39.4 (0.7)
     vs
Estimated Total3 41.0 ( – ) 41.0 ( – ) 40.6 ( – ) 41.1 ( – ) 41.0 ( – ) 41.0 ( – ) 41.5 ( – ) 41.8 ( – )
 Catch

2) COOP Parallel4

 Hauls 38.9 (0.6) 40.3 (0.4)
     vs
COOP Stations 43.0 (0.5) 42.3 (0.2)
Selected by
Fishermen

3) Estimated Total
Catch 40.6 ( – ) 41.1 ( – ) 41.5 ( – ) 41.8 ( – )
    vs
COOP Stations 43.0 (0.5) 43.0 (0.5) 42.3 (0.2) 42.3 (0.2)

Selected by
Fishermen

4) Estimated Total5

Catch 41.0 ( – ) 41.0 ( – ) 41.0 ( – ) 41.0 ( – )
    vs
Surveillance 41.2 (1.5) 41.7 (1.4) 41.2 (1.2) 41.2 (2.5)
Program

Comparison of Lengths Above 100% Retention (>74 cm)

5) COOP Parallel
 Hauls 80.4 (2.8) 79.1 (1.2)
     vs
COOP Combined 79.4 (0.4) 79.6 (0.3)
Commercial
Trawlers

6) Expected Total
Catch 85.8 ( – ) 83.9 ( – ) 85.4 ( – ) 83.8 ( – )
     vs
Surveillance 84.1 (5.0) 83.5 (4.7) 80.6 (3.7) 82.7 (6.5)
Program

1  Jackknife method used for estimates of mean and standard error (see Efron, 1982).
2  Discard cull point (40–44 cm) based on regulated minimum market size through Joint Norwegian-Soviet Fishery Commission.
3  Estimated Total Catch = Landings > cull point + Expected Total Catch < cull point.
4  Cooperative survey conducted 24–29 October 1989.
5  Estimated, and Expected Total catch means are arithmetic and fixed, estimates of standard error are unavailable.
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COOP Survey combined commercial trawlers
(Table 4). Thus, lengths from commercial and
survey gear collected using a single system-
atic survey design are shown to compare well
outside the influence of cod-end selection.

Discussion and Conclusion
The method presented for the estimation of to-

tal catch (including discards) in a commercial bot-
tom trawl fishery is introduced as a practical alter-
native (where data are available and suitable) to
making direct observation onboard commercial ves-
sels.

As presented, this method is most applicable
to demersal species for which survey sampling is
meaningful, and might well be adapted to other fish-
eries. It makes three basic assumptions:  1) that
survey results (relative numbers at length) are rep-
resentative of the exploitable population;  2) the
exploited population is not effectively segregated
by size with respect to the length composition of
commercial catch; and  3) that relative proportions
of commercially undersized fish in the catch can
be estimated reasonably by applying the selectiv-
ity of the effective commercial gear to survey esti-
mates of the exploited population composition. Es-
timates of the mean length of total catch made
through this method for market sized, and under-
sized fish, were not statistically different from the
mean lengths of commercial catch observed directly
through the Surveillance Program.

Regarding the first assumption, fish tend to be
caught in clusters during marine trawl surveys. It
has been demonstrated that assuming individual
survey measurements to form random samples of a
population may not be valid due to intra-haul cor-
relation (Pennington and Vølstad, 1994). Resulting
estimates of population composition at length may
be highly variable.

Under assumption 2, the question arises from
comparisons of mean length as to whether commer-
cial fishermen target larger fish to the point of ex-
cluding undersized fish from the catch. Compari-
son of discard sized fish from COOP Survey paral-
lel hauls with fish caught using commercial gear at
stations selected by fishermen, suggest that this is
not the case (Table 4). Mean lengths within this
range are similar for COOP Survey parallel hauls,
the 'estimated' catch, and COOP Survey stations
selected by fishermen in a directed effort, despite
differences in gear selectivity. Moreover, manage-
ment concerns regarding high levels of discarding
persist, even as current fishery technology offers
increased sophistication towards making such a
directed effort.

Concern arises with assumption 3, because
fishermen do not fish randomly, but rather tend to
maximize catch of the larger fish. This explains in-
stances in the estimation procedure where the per-
cent 'expected' catch is less than the percent
landed at a particular length interval. Such in-
stances are more likely to be observed at larger
length intervals, where the fish landed have been
targeted by commercial fishermen. This being so,
the knife-edge approximations of numbers within the
range likely to have been discarded introduce no
major concern.

Generally, for the full range of exploitable fish,
higher numbers were 'expected' in the catch than
were landed (Table 2 and Fig. 2). For larger sized
fish, this may be due to the assumption in the esti-
mation procedure that no less fish can be caught
than landed. Thus, numbers 'expected' in the catch
never fall below the reported numbers landed. Fish-
ermen may, in effect, avoid undersized fish as read-
ily as they target larger fish. Thereby, estimates of
discards, based on randomized measures of popu-
lation composition, may be overestimates. The mag-
nitude of this bias may vary from year to year, rela-
tive to year-class strength.

Additional studies of catch length composition
relative to fishing strategy are needed to quantify
this source of potential bias. Of similar importance,
quantifying the bias which results from not includ-
ing discard in estimates of stock production needs
further study. The magnitude of such biases will vary
relative to the species, population length composi-
tion and fishing practices. In this example, however,
the differences observed between actual numbers
landed and numbers 'expected' in the legal size
range are similar (Fig. 2).

Comparisons of mean length showed clear
trends and differences in commercial and survey
catch from the same population. Mean lengths of
exploitable catch (>30 cm) from commercial trawls
tended to be larger (5–15 cm) than those of catch
from survey gear. This tendency is consistent with
the understanding that fishermen do not fish ran-
domly, but target larger fish to maximize profit. How-
ever, comparisons of mean lengths for 'estimated'
catch and COOP Survey catch from stations se-
lected by fishermen showed little difference for com-
parable time and area, and 'estimated' catch means
were not statistically different from commercial
catch means sampled through the Surveillance Pro-
gram. 'Estimated' catch means compared with 'ex-
pected' catch means are very similar, suggesting
that length composition of the overall commercial
catch (landings plus discard) can be simulated rea-
sonably using the proposed systematic approach.
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This is supported by COOP Survey (Qtr 4) mean
lengths from stations selected by fishermen, which
were not statistically different from either the 'esti-
mated' or the 'expected' catch means.

Comparison of mean lengths of discard sized
fish from survey and 'estimated' commercial catch
tends toward slightly lower means from survey
catch, due to differences in selectivity between the
two gear types. Regulated commercial cod-end
mesh sizes allow escapement in this size range;
thereby, mean lengths are slightly increased. Se-
lection by the gear appears to minimize this differ-
ence; mean lengths of the 'estimated' catch and the
COOP Survey stations selected by fishermen were
very similar in this range. Whereas, comparisons of
'estimated' catch and commercial catch mean
length as sampled through the Surveillance Program
were not statistically different. This suggests the
method's utility in simulating the commercial catch
of discard sized fish.

Means lengths of fish above the length of 100%
retention on the selectivity curve were not statisti-
cally different between COOP Survey parallel hauls
and COOP Survey combined commercial trawlers.
Here data collected using either commercial or sur-
vey gear, and the same systematic survey sampling
design were compared at lengths outside the influ-
ence of cod-end selectivity. Results suggest that
survey and commercial measures of a unique popu-
lation are comparable given appropriate assump-
tions regarding gear selectivity. The conduct of the
fishery as related to changes in regulated cod-end
mesh size, exploitation pattern, and year-class
strength should also be considered in the analyti-
cal design and the interpretation of results.

Discards estimated in this analysis were con-
servative relative to peak rates estimated during
1953–54 (40% by number and 20% by weight), 1957
and 1958 (Garrod, 1967). This would be anticipated
due to increasing awareness of excessive discard-
ing as a management problem, and more effective
regulation of the fishery.

Garrod's method used estimated actual abun-
dance of partially recruited age groups, corrected
for their availability to the trawl fleet. Values were
compared with catch-per-unit effort recorded by
English trawlers; differences were used to recon-
struct trends in discard rates by particular age
groups. He suggests that his estimates are prob-
ably low due to original assumptions of the method.

The method described in this paper is direct,
systematic, and based on the most reliable data
available on condition of the stock and conduct of
the f ishery. Results are plausible as examined
through comparison of 'estimated' catch mean
lengths with those from independent sources of
commercial catch composition data for this fishery,
i.e. direct observations of the 1989 fishery through
the Surveillance Program, and the 1989 COOP Sur-
vey in the Barents Sea.
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