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Abstract

Studies were initiated at the Institute of Marine Research, Bergen, in 1984 with the aim of improving the reliability of bottom trawl
and acoustic survey results for cod and haddock in the Barents Sea. Spread of the wings and doors and height of the trawl were
measured during fishing operations, and acoustic recordings of fish densities were obtained. The observations revealed several
aspects of geometry and performance of the gear that could reduce its efficiency for sampling different species and size-groups. The
acoustic recordings indicated that fish density has a substantial influence on the correlation between estimates of abundance from
trawl catches and from acoustic recordings. Furthermore, a day-night discrepancy of integrated acoustic fish abundance was

indicated.

Introduction

The Institute of Marine Research, Bergen, Norway,
has carried out combined bottom-trawl and acoustic
surveys of cod (Gadus morhua) and haddock (Melano-
grammus aeglefinus) stocks inthe Barents Seaand the
Svalbard areas since 1981 (Fig. 1). The results indi-
cated that trawl catches did not accurately reflect the
true age structure of cod in the survey area, with fish
less than 4 years old being progressively underrepres-
ented in the catches. In addition, there were large dis-
crepancies between the estimates of stock size from
the results of the two types of surveys (Hylen and
Nakken, MS 1983; Hylen et al., 1987), with the esti-
mates from trawl surveys being consistently much
lower than those based on acoustic data. The trawl
surveys also showed that catching efficiency of the
gear differed from ship to ship. The various vessels
which participated in the surveys used the same stand-
ard trawl and rigging but with four different doors.

In 1984, the Institute of Marine Research and the
Institute of Fishery Technology Research initiated a
cooperative research program to improve the reliabil-
ity of survey results. The first effort in the program was
the measurement of the research trawl’'s geometry dur-
ing fishing operations, because the shape and motions
of the trawl and the doors and bridles influence the
efficiency and selectivity of the gear. Results from a
preliminary experiment (Engds and West, 1987) identi-
fied gear performance characteristics that might influ-
ence the sampling efficiency of the trawl.

In this paper, the results of a later experiment are
presented, with particular focus on evaluation of the
effects of different designs and sizes of trawl doors on
gear geometry. In addition, acoustic investigations
were carried out with the aim of isolating the effects of
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Fig. 1. Areas covered by routine cod and haddock surveys (shaded)
and the experimental trawling area in January 1985 (black).
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Day 64 173 186 38 49 36 85 95 24
Night 3 41 24 61 27 31 14 25 38

All of the day values except two were larger than the
corresponding night values, and the mean day value
was 2.8 times greater than the mean night value.

Consideration of all data for the cruise by depth
zone for day and night recordings resulted in the fol-
lowing mean integrator values (numbers of observa-
tions in parentheses):

Depth Day Night
100-200 m 189 (55) 37 (189)
200-300 m 34 (14) 28 ( 31)

For the 100-200 m depth zone, the results were similar
to those from the short surveys, with the mean day
value being about five times higher than the corres-
ponding night value. However, the day-night differ-
ence at 200-300 m was not noteworthy. A plot of the
mean integrator values (with standard deviations) from
the 100-200 m depth zone on a time scale (Fig. 4)
clearly demonstrates an increase in the early morning
and a decrease in the afternoon, but the standard devi-
ations were quite large.

The plot of the pelagic integrator values against
the total integrator values (4-m bottom channel) (Fig.
5) indicates a highly linear trend, for which the regres-

sion was calculated to be
y=09x-39 (r =0.95)

The data include both day and night values. The close-
ness of the points to the line of y = x indicates that

pronounced vertical day-night migrations do not
occur. A similar regression was calculated from the
results for the 10 m bottom channel:

y=07x-18 (r=0.96)

Vertical distribution and fish density. The linear
relationship between pelagic integrator values and
total integrator values indicates that the amount of
pelagically-distributed cod and haddock is dependent
on the total density of these species. Thisimpressionis
further illustrated in the plot of relative bottom channel
integrator values against total integrator values (Fig.
6). The bottom-channel percentages decrease rapidly
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Fig. 5. Plot of pelagic integrator values against total integrator

values from the 4-m bottom channel, relative to the y = x line.
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Fig. 4. Variation in mean integrator values and their standard devia-

tions with time of day.
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Fig. 6. Plot of percentages of total interator values in the 4 m bottom

channel against total integrator values.
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Fig. 7. Plot of interator values from the 4-m bottom channel against
total integrator values.

with increasing total integrator values. There is only a
slight tendency for the frequency of high integrator
values in the bottom channel to increase with increas-
ing total integrator values (Fig. 7).

Discussion

Trawl dimensions

The observations on trawl performance revealed
several aspects of the geometry and performance of
the gear that could have reduced its efficiency for sam-
pling different species and size-groups of fish, and may
explain some of the ship-to-ship differences which
have been observed during routine surveys.

Vertical opening. This parametervaried from3.5 to
4.2 m during the experiment (Table 1). These values
are well below the operating height of 6 m which has
been assumed in calculating abundance and biomass
from trawl surveys (Hylen and Nakken, MS 1983). The
relatively low vertical opening may have reduced the
efficiency of the trawl in situations where concentra-
tions of fish extended several meters up into water
column. Different vertical reactions of cod and had-
dock in the catch zone of the trawl may also affect the
species composition of catches. Haddock have been
observed to rise and enter the trawl at a higher level
than cod, and they may possibly escape above the
headline (Main and Sangster, 1981b).

Wing-spread. Measurements with the 7.5 m2
Waco-doors indicated a rather large spread (about 20
m) for a trawl with a 29 m headrope, implying that the
gear may have been overspread. In addition to the
effect which different wing-spreads may have on
catching efficiency, overspreading of the trawl may
affect the bottom contact of the bobbins. Most of the
towing strain on a well-tuned bottom trawl is taken by
the headrope, with the groundrope being somewhat

slack (Wathne, 1977) to allow the bobbins to make
good contact with the bottom. However, when the trawl
is grossly overspread, the groundrope is probably too
taut to make good bottom contact along its entire
length. This may provide avenues of escape below the
bobbins for those species of fish, such as cod and
flatfishes, which exhibit a downward escape reaction
(Harden-Jones et al., 1977; Main and Sangster, 1981b;
Korotkov, MS 1984).

Door-spread and bridle angle. The high door-
spread/wing spread ratio with the 7.5 m2 Waco-doors
and the 40 m bridle resulted in a very high bridle angle
(about 25 degrees). At such high bridle angles, the
herding efficiency of the bridles is reduced and this
may result in a strong size-selection effect (Carrothers,
1981; Wardle, 1977, 1983). In addition, with such high
bridle angles, it is most probably that the sand-clouds
pass well outside the wings of the trawl, thus reducing
the important herding effects of sand-clouds (Main
and Sangster, 1981a, 1981b; Korotkov, MS 1984). The
lower bridle angles with the two smaller doors, and
especially with 80 m bridles, may result in higher sand
clouds and better bridle-herding efficiency.

Identification of “bad” tows. During 5 of the 28
tows, the measurements indicated that the gear was
not fully spread or was not on bottom for a substantial
part of the tow. When the gear was not fully spread,
post-tow examination showed scratches and mud dep-
osits on the bracket and often on the top of one or both
doors, indicating that the doors had collapsed and
caused an unusually low spread (these measurements
were not included in Table 1). The instrument also
detected unsatisfactory contact of the trawl with the
bottom. This occurred when echoes were received
from the groundrope, which, for proper fishing, should
have been well behind the headline and not giving an
echo.

Trawl measurements from some tows during rou-
tine surveys (Engds and West, 1987) showed about the
same relative frequency of “bad” tows as mentioned
above. Without instruments, these tows would have
been considered as “normal” tows and used in the
estimation of abundance and biomass without adjust-
ment.

Acoustic and catch

The acoustic recordings were made under rather
favorable conditions, with the catches consisting
mainly of cod, haddock and flatfishes. The problem of
separating cod-haddock recordings from other fish
traces was generally small, but, when present, the
effect on results was assurned to be limited. The bot-
tom channel was set to 4 m, which was shown to be the
maximum height of the trawl during the first tows.
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A prominent vertical day-night migration may
influence the bottom trawl catches and hence the cod-
haddock estimates of abundance in the Barents Sea
from both the acoustic and bottom trawl surveys. Dur-
ing this experimental cruise, no prominent vertical
migration of species was observed. It must be stressed,
however, that the duration of daylight and other envir-
onmental factors change very much during the year at
these latitudes, and, consequently, fish behavior may
vary seasonably.

The cod and haddock catches (kg/hr) tended to be
maximum at dawn and in the early morning. This could
not be linked to a corresponding increase in abun-
dance on the bottom from acoustic data. Detection of
fish close to the bottom (dead-zone) is a limitation of
abundance estimation by acoustics (Johannesson and
Mitson, 1983). A vertical migration in and out of the
dead-zone could explain the lack of correlation
between catch and acoustic abundance. However,
such explanation is not possible here, because there
was evidently no vertical migration of fish above the
dead-zone (Fig. 3). The lack of correlation between
catch and acoustic abundance may be due to consid-
erable variation in catchability during day and night
trawling, i.e. different behavior in relation to the gear.
This may have an effect on the results from trawl sur-
veys and should be investigated further.

The most prominent and surprising difference in
day-night results was the great discrepancy between
the day and night integrator values at 100-200 m (Fig.
4). Day values were also much higher than nightvalues
during the short surveys in 100-200 m, the two excep-
tions being in an area where the depth approached 300
m. As the phenomenon was observed in the shallow
depth zone only, an explanation may be that fish in
such depths have a ship avoidance reaction during the
night (possibly influenced by light from the ship),
whereby their target strength is reduced. Sound-
induced ship avoidance effects were reported by Olsen
et al. (1983). A considerable portion of the acoustic
data was obtained while the ship was trawling at slow
speed. However, the ship’s influence on fish may be
less at cruising speed. The day-night effect on acoustic
estimates of cod and haddock abundance in shallow
water is obvious, and the problem should be investi-
gated further.

The integrator output results clearly show that the
vertical distribution of cod and haddock is dependent
on the total density of the two species. The linear
regression (Fig. 5) is greatly dependent on the higher
integrator values and indicates that about 90% of the
integrator values were pelagic. A better indication of
the vertical distribution at the lower fish densities is
shown in Fig. 6, where up to 100% of the fish are found
in the bottom channel. The bottom channel integrator

values tend to increase towards a limit with increasing
total values (Fig. 7). In conclusion, when densities of
cod and haddock are low, they will be mainly concen-
trated close to the bottom and greater proportions of
the stocks will be available to the bottom trawl than
under high densities. Consequently, the abundance
indices from bottom-traw! surveys at high fish densi-
ties will probably be too low relative to the estimates at
low fish densities.
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