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ABSTRACT 

We estimated the fishing efficiency of midwater trawls used to catch 
pelagic pollock by comparing the data from the midwater trawls and acoustic 
surveys obtained from the Seiju maru No. 28 in the summer of 1988. We can not 
say we obtained a true measure of fishing efficiency because the data by the 
quantitative echo sounder were obtained mainly immediately before the towing 
of midwater trawl nets and the schools of fish on which we targeted may not 
have been the same schools of fish that were caught. However, we assume here 
that the estimated density of pollock by the quantitative echo sounder 
indicates a true density and calculated the fishing efficiencies. The fishing 
efficiencies varied by shape of fish school, and the belt-shaped school showed 
a higher value than that of the scattered school. The fishing efficiency 
ranged from Oto 9.4 and varied widely, and it was difficult to obtain a 
stable value. The mean fishing efficiency was about 2.6 for the belt-shaped 
school and it was an extremely high value. Because the fishing efficiency was 
not clearly determined, it is difficult to estimate the biomass of pelagic 
pollock by midwater trawl under the present conditions. In the future, it 
will be necessary to measure exactly the same school as that which was caught 
by midwater trawl by quantitative echo sounder. 
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1. Introduction 

Pollock are distributed in the midwater layer in the Aleutian Basin 
of the Bering Sea and form the concentrated schools during the winter. The 
fishery which targets on those fish developed recently and expanded rapidly, 
and the international waters of the Bering Sea is an important fishing ground 
for the Japanese far seas fishing vessels. Not enough information is 
available on this resource and then the estimate of biomass and the collection 
of biological data is being conducted by acoustic and midwater surveys. It is 
considered to be difficult to estimate the biomass of pollack by midwater 
trawl, because the fishing efficiency of fishing gear is uncertain. The 
u.s.s.R. reported results which estimated the biomass of pollack by midwater 
trawl at the symposium which was held in Khabarovsk (Bulatov 1990). In this 
report, he assumed the fishing efficiency to be 0.4, but the basis for this 
estimate is not clear. Thus, we used the data obtained by the Seiju maru No. 
28 in the summer of 1988 and estimated the fishing efficiency of midwater 
trawl by comparing the density obtained by acoustic surveys in the area 
adjacent to that where midwater trawling was conducted with the density 
obtained by midwater trawl. 

2. Analytical Method 

The midwater trawl net used by the Seiju maru No. 28 during the 
summer in 1988 was a rope net and 125.5 min whole length (excluding the cod 
end). The objectives using the midwater trawl in this survey were to compare 
the echo sign by the quantitative echo sounder with the catch to determine the 
species and size composition of fish. In order to collect samples as 
sufficiently as possible, we examined the point at which the fish density was 
high, observed by the quantitative echo sounder, and conducted towing at these 
points. A total of 37 tows was conducted, and we numbered these from A-01 to 
A-37. In order to define whether the towing time was daytime or nighttime, we 
roughly assumed 0300 to 1500 hours in Japan time to be daytime and 1500 to 
0300 hours to be nighttime, because the sunrise and sunset varied by date, 
latitude and longitude. The number of tows during the daytime was 30 and 
during the nighttime was 7. The length of warp and cruising speed was 
adjusted in order to set a towing depth of the trawl net to the layer that had 
the highest density of fish. In order to measure the width and height of the 
net mouth, and depth of net during a tow, the net monitor (manufactured by the 
Scanmer Co. Ltd.) was attached to the net mouth. The catch by trawl was 
sorted by species, and the weight and number was measured, and for pollack, 
body length by sex was measured. The height of the net mouth of the midwater 
trawl which was measured by the net monitor was 43 m on an average (Yoshimura 
1989). Regarding the distribution of the pollack school which was confirmed 
by the echo sounder, pollack were distributed from 150 m to 220 min depth, 
and formed a group of a belt-shaped school of 30 m to 50 m thick. Therefore, 
we considered that the midwater trawl net covered nearly all of the vertical 
distribution of pollack, and obtained the catch per unit area (de) (t/km2) by 
the following equation: 
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de= C X 1,000 
W l X 1,852 

c: catch (kg) by midwater trawl 
w: width of net mouth by midwater trawl (m) 
1: towing distance (nautical mile) 

The quantitative echo sounder used for this survey was a Versatile 
Echo Sounding System which was developed by the National Research Institute of 
Fisheries Engineering (National Research Institute of Fisheries Engineering 
1990). In order to compare with the catch data by midwater trawl, we obtained 
from the acoustic data the density per unit area of pollack at about 2.5 
nautical miles immediately before midwater trawling. Since we towed the 
larval net at Ste. A-21 and A-32 immediately before midwater trawling, we used 
the acoustic data immediately after the midwater trawling only for these two 
stations. We did not obtain the density at St. 28 because the acoustic data 
immediately before the midwater trawling were not obtained. To obtain the 
density of the fish school, the depth zones used to calculate the areal 
backscattering strength were limited to the depth zones in which pollack were 
distributed. The mean target strength (TS, dB) of pollack was estimated from 
the following equation: 

TS = 20 log FL - 66 

FL: mean fork length (cm) 

Then, we calculated the mean density (number of fish) by dividing the mean 
areal backscattering strength by the mean TS. In order to convert this to the 
mean density in weight, we obtained the mean body weight of pollack from the 
body length-weight relationship (BW = 0.0075FL2·977) by Smith (1981) and we 
multiplied this by the mean density (in number). The mean body length was 
obtained by measuring the individuals which were caught by midwater trawl. 

On the assumption that the estimated density (de) (weight) obtained 
from the acoustic data shows a true density of pollack, the fishing efficiency 
of midwater trawl (EF) was obtained from the following equation: 

EF = :a 
Since the fish school measured by the echo sounder system and the 

fish school which the midwater trawl targetted was different, the value 
obtained here may not be a true fishing efficiency. 

3. Results and Discussion 

The towing stations by midwater trawl are shown in Fig. 1. The 
estimated density of pollack by midwater trawl and the estimated density of 
pollack by acoustics which corresponds to midwater trawl is shown in Table 1. 
A relationship between both densities, that is, fishing efficiency by midwater 
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trawl is shown in Fig. 2. The density by midwater trawl ranged from Oto 26.6 
t/krn2 and the dispersion varied widely. On the other hand, the density by 
acoustics ranged from 0.37 to 5.69 t/krn2, and its range and dispersion were 
narrower than that by midwater trawl. Seeing the relationship between both 
densities, as shown in Fig. 2, the points disperse widely and we can hardly 
say that there is a correlation between both densities. However, in the tows 
at Ste. A-33, A-36, and A-37, the density by midwater trawl was 5 to 9 times 
higher than those by acoustics, and in the tows at Ste. A-04, A-05, A-09, A-
15, and A-30, the density by midwater trawl was 3 times higher than those by 
acoustics, and these relationships were evident. The other tows were 
scattered widely around a straight 1:1 line. 

Subsequently, we studied the shape of fish schools which were shown 
in the records of the echo sounder in order to obtain a relationship between 
distribution pattern of fish school and fishing efficiency by midwater trawl. 
As a result, we could divide the patterns roughly into two shapes such as the 
belt-shaped distribution with a thickness of 30 m to 50 min depths between 
150 m and 220 m, and scattered distribution with a thickness of about 80 m to 
100 min depths between 100 m and 250 m (Fig. 3). All belt-shaped schools 
were seen during the daytime, and the scattered distribution was seen during 
the daytime and nighttime. However, because the records by the echo sounder 
were obtained before the midwater trawlings, some records were taken during 
the nighttime, although the trawling was conducted during the daytime. That 
is, almost all distributions of pollock during the daytime showed a belt
shape, and all distribution of pollock during the nighttime showed a scattered 
pattern. The fishing efficiency by midwater trawl is shown by distribution 
pattern in Fig. 4. The fishing efficiency in a belt-shaped distribution 
mainly ranged from 0.3 to 9.4, and the mean value was 2.6, and the fishing 
efficiency in a scattered distribution ranged from Oto 2.4, and the mean 
value was 1.0. Of those, the fishing efficiency at the time of scattered 
distribution during the daytime was 0.51 and 1.58, and it was almost the same 
as the fishing efficiency at the time of scattered distribution during the 
nighttime. The dispersion of fishing efficiency at the time of the belt
shaped distribution was greater than that at the time of scattered 
distribution. The mean value of fishing efficiency at the time of scattered 
distribution was considerably smaller than that at the time of the belt-shaped 
distribution, taking account of a height of the net mouth of the midwater 
trawl, it was a natural consequence. That is to say, the density of the fish 
school which showed a scattered pattern ranged from about 80 m to 100 m, and 
the quantitative echo sounder estimated the whole amount, but the height of 
the net mouth was half of that, and it was regarded that about a half of the 
fish distribution was caught by midwater trawl. Therefore, we examined the 
fishing efficiency of only the belt-shaped distribution here. 

The fishing efficiency was about 3 and 5 to 9 were all obtained from 
fish schools which showed a belt-shaped distribution. At Ste. A-33 and A-37 
which showed the efficiencies of 5 to 9 times greater, the density increased 
with time and it was considered that there was a difference between the 
distribution density of fish which was measured by the quantitative echo 
sounder and the one which was towed by the midwater trawl nets. For the other 
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belt-shaped distributions, however, it was difficult to determine a cause of 
difference in the fishing efficiencies from difference in echo traces of the 
fish school which appeared on the echo sounder. 

We tried to tow midwater trawl when a high density of the fish 
school continued on the monitor of the quantitative echo sounder for a while. 
Then, we remained trawling without changing the course of the vessel. During 
the tows, we could not conduct the measurement by the quantitative echo 
sounder because there was considerable noise during the tows. Therefore, we 
could not measure directly by the quantitative echo sounder the density of the 
fish school at the trawling sites, and the above mentioned fishing 
~fficiencies were not obtained from exactly the same fish school. Therefore, 
there were possibilities that the dispersion of fishing efficiency was so 
large. 

Although the average fishing efficiency of belt-shaped distribution 
was nearly 3, it is generally considered that the fishing efficiency by 
midwater trawl is possibly far lower than 1 because of an avoidance behaviour 
of fish against the net. However, we obtained the opposite result here. It 
may be partly resulting from the great swarming effect of the fish school by 
the otter-board. 

In the future, when we estimate the fishing efficiency by midwater 
trawl, it is necessary that the research vessel should return to the station 
where the density was measured by the quantitative echo sounder and should 
conduct trawling at the same stations. Because we practised this in the 
surveys during the summer in 1990, we scheduled to estimate the fishing 
efficiency using this data. 

Furthermore, as the factors which affect the fishing efficiencies, 
the structure of the midwater trawl net, the tow speed, and the physiological 
and ecological conditions of the fish school of pollock, etc. are considered. 
It is possible to estimate more clearly the fishing efficiencies by observing 
the behaviour of pollock against the nets with, for example, an underwater 
camera. If the behaviour of the fish school against the nets is determined, 
and if it is determined that an avoidance behaviour against the nets was minor 
for the fish school with a scattered distribution during the nighttime, the 
midwater trawl may be effective for the fish school which shows the scattered 
distribution during the nighttime in order to estimate fishing efficiencies. 
In this case, it is necessary to compare the density using per unit volume. 
We had difficulty in obtaining the density per volume by depth zone, because 
we changed momentarily the towing depths as to be able to collect pollock as 
many as possible and to be able to pass the net mouth through the depth zone 
at which the density of the fish school was highest. It is necessary to trawl 
at a constant depth in order to estimate the fishing efficiencies. 

References, Table 1 and Figs. 1 to 4 are in 
English in the Japanese document. 
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Table 1. Ktimation of pollack density by midwater trawl and acoustic survey in the Aleutian Basin in summer 1988. 

Net Midwater trawl Acoustics 
number Distance Net catch of swept Density Density Mean Mean Density Fishing Type of 

(na) width Pollock area in weight in n111ber length weight in weight efficenoy school 
(m) {kg) (km2) (t/km2) (No./km2) (cm) (g) (t/km2) 

A- 1 3.8 35.0 1,129.8 0.246 4.587 5,770 49.3 821.6 4.741 0.968 Belt 
A- 2 5.1 35.0 569.0 0.331 1.721 1,730 49.7 841.6 1.456 1.182 Scatter 
A- 3 3.9 36.0 148.0 0.260 0.669 868 51.1 914.2 0.794 0.717 Scatter 
A- 4 1.9 36.0 974.0 0.127 7.689 2,620 50.0 866.8 2.159 3.561 Belt 
A- 5 2.0 36.0 1,198.0 0.130 9.241 3,660 50.0 856.8 3.136 2.947 Belt 
A- 6 2.4 34.0 239.0 0.151 1.681 1,870 49.7 841.6 1.574 1.005 Belt 
A- 7 3.6 34.8 186.0 0.232 0.802 1,600 49.7 841.6 1.347 0.595 Belt 
A- 8 3.0 33.4 72.0 0.186 0.388 1,400 49.8 846.7 1.185 0.327 scatter 
A- 9 3.6 36.1 860.0 0.228 3.736 1,460 49.1 811.7 1.177 3.174 Belt 
A-10 4.3 33.6 482.0 0.268 1.801 2,310 48.9 801.9 1.862 0.972 scatter 

A-11 1.8 36.3 211.0 0.118 1.793 3,160 49.6 836.6 2.635 0.680 Belt 
A-12 3.7 33.1 128.0 0.227 0.564 797 49.7 841.6 0.671 0.841 Scatter 
A-13 3.8 32.9 82.0 0.232 0.364 1,300 60.4 877.4 1.141 0.310 Belt 
A-14 4.1 31.6 o.o 0.240 0.000 1,100 50.0 856.8 0.943 0.000 Scatter 
A-16 3.7 34.1 1,308.0 0.234 5.598 2,120 49.3 821.6 1. 742 3.214 Belt 

0\ A-16 4.8 34.4 409.0 0.306 1.337 3,060 50.1 861.9 2.629 0.509 Scatter 
I A-17 4.4 34.4 364.0 0.280 1.299 3,260 60.9 903.6 2.946 0.441 Belt 

A-18 6.7 34.4 1,022.0 0.427 2.394 1,120 50.5 882.6 0.989 2.422 Scatter 
A-19 3.7 36.l 241.0 0.247 0.974 1,170 49.4 826.6 0.967 1.007 Belt 
A-20 7.1 33.1 300.0 0.435 0.689 510 60.0 856.8 0.437 1.577 Scatter 

A-21 6.9 36.0 1,767.0 0.382 4.620 2,310 48.9 801.9 1.852 2.494 Belt 
A-22 2.0 36.8 606.0 0.133 4.570 3,060 48.8 797 .1 2.439 1.874 Belt 
A-23 3.6 34.6 268.0 o."231 1.162 1,950 50.0 856.8 1.671 0.695 Belt 
A-24 3.9 34.9 80.0 0.262 0.317 1,240 60.1 861.9 1.069 0.297 Scatter 
A-26 3.9 34.0 279.0 0.246 1.136 1,170 49.4 826.6 0.967 1.175 Belt 
A-26 3.9 36.1 270.0 0.261 1.036 1,570 49.8 846.7 1.329 0.779 Belt 
A-27 6.8 32.9 746.0 0.363 2.108 1,330 50.5 882.6 1.174 1.796 Belt 
A-28 5.8 32.7 329.1 0.361 0.937 
A-29 3.9 34.3 420.0 0.248 1.696 1,260 48.0 768.8 0.948 1. 787 Scatter 
A-30 1.9 34.4 322.0 0.121 2.660 1,140 48.2 768.2 0.876 3.037 Belt 

A-31 4.2 34.4 492.0 0.268 1.839 476 48.3 773.0 0.367 5.008 Belt 
A-32 1.9 34.4 1,212.0 0.121 10.013 2,740 47.8 749.4 2.053 4.876 Belt 
A-33 1.7 34.4 1,618.0 0.108 14.939 2,360 48.5 782.6 1.839 8.124 Belt 
A-34 1.2 34.4 668.0 0.076 8.607 7,320 48.4 777.8 5.693 1.512 Belt 
A-35 5.7 34.4 206.0 0.363 0.565 1,.010 48.4 777,8 0,786 0.719 Belt 
A-36 3.6 34.4 801.0 0.229 3.492 492 47.9 754.1 0.371 9.413 Belt 
A-37 0.9 34.4 1,526.4 0.067 26.621 6,120 48.1 763.5 3.909 6.810 Belt 
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Fig. 1. Midwater trawl station in the Aleutian Basin in sUDDDer 1988. 
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Fig. 2. Relationship between estimations of pollack density by midwater trawl and 
acoustic survey .in the Aleutian Basion in summer 1988. 
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Fig. 3. Two types of echo trace of pollack school observed in the Aleutian Basin in sumaer 1988. 



6 

4 
>-
u 
C 
CD 
:, 
O" 
CD 2 ~ .. 0 

I IL 

() 

0 2 4 6 8 10 

Fishing Efficency of Midwater ltawl 

Fig. 4. Fishing efficency on pollock by midwater trawl in the Aleutian Basin in sU111Der 1988. 
D: Belt type of pollock school Ba: scatter type of pollock school 


