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Preface 

The trawl fishery in the Bering Sea has been occupying an important posi
tion in Japanese fisheries in the northern Pacific. Since the Magnuson Act 
set the prohibited species in 1976 and 1980, selectivity is required of the 
trawl gears. In other words, trawl gears and methods had to be developed 
to catch pollock, Greenland turbot and other target species efficiently 
while avoiding incidental catches of Pacific halibut, salmons and demersal 
crustaceans including king crab as much as possible. The Fisheries Agency 
took the initiative for this subject and carried out a series of experi
ments since 1981. This report summarizes all these experiments conducted 
in the four years of 1981 to 1985. We would like to express our deep 
appreciation and respect to the Northwestern Alaska Fisheries Center, 
International Pacific Halibut Commission, Far Seas Fisheries Research 
Laboratory and all others for the guidance and support given us by them and 
we sincerely wish that the knowledge summarized in this report to be 
broadly utilized. 
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I. Purpose of Investigation 

To develop trawl gears and methods of operation which efficiently catch 
target species with minimum incidental catches of prohibited species and 
species with low TALFF. 

II. Setup and Implementation of Investigation 

Since the beginning, the Fisheries Agency took the initiative organizing 
the survey and sponsored the investigation and also it has been bearing the 
expenses. In 1981, the first year of investigation, the National Research 
Institute of Fisheries Engineering of the Fisheries Agency executed the 
investigation. In 1982 and later years, the Japan Marine Fishery Resources 
Research Center (JAMARCJ was entrusted for the execution and the investiga
tion was carried out jointly with the government of the United States of 
America. In the three years of 1982 to 1984, the emphasis of investigation 
was placed on the countermeasures against incidental catch of prohibited 
species but from 1985, it was switched to the countermeasures against inci
dental catch of species with low TALFF. Twenty two experiments were 
carried out in the four years altogether, including repeated experiments, 
and the total count of tows reached as much as 1,194 times (Table 1). 

III. Methods 

The existing trawl gears which were used in commercial fishery were adopted 
as the subject to be modified to meet the requirement of being selective 
with catching fishes. Also, in order to facilitate applying the experiment 
results to the actual operation, consideration was paid to conduct each 
experiment in the scale of actual fishery as much as possible. The major 
efforts related to the experiments were spent to specify the idealistic 
structure of trawl gears to achieve the effects we aimed at by partially 
changing the structure of existing nets. The other methods we attempted 
are development of a new trawl nets for mid-water towing, improvement of 
the current operation method, and combination of modified gears and 
improved operation method. 

1. Outline of the Modifications of Trawl Gears and Methods Tested in the 
Experiments 

When starting the series of experiments, we selected typical two types of 
high and low standard nets among the trawl nets actually used by HOKUTENSEN 
vessels which occupied the majority of northern Pacific fishing fleets as 
the conventional nets to be improved henceforth. They are referred to as a 
"high standard net" and "low standard net" hereinafter. The high standard 
net (Fig. 1, Table 2) is mainly used to catch pollock, with a total length 
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of 60 m and mouth opening height of 10 to 15 m. The low standard net (Fig. 
2, Table 2) is a low height net used on catching demersal fishes like 
Greenland turbot, in addition to catching pollock. It is designed to have 
an opening height of 5 to 6 m under tow and the total length 33.5 m. 
Various efforts were given to improve these prototype nets and trawing 
methods, and the following surranarizes these experiments being classified by 
the similarities in the theory applied for improvement. 

1) Use of a large mesh in some parts of standard nets to release 
unwelcomed species through the mesh 

Q) Experiments using larger mesh in the "baiting" and "wedge" panels 
(To catch chinook salmon mainly) 

Exp. 1 Low standard net with 3000 mm mesh in the first to third 
panellette of baiting panel (Fig. 4-a) 

Exp. 2 Low standard net with 1000 mm mesh in the first to third 
panellette of baiting panel (Fig. 4-a) 

Exp. 6 High standard net with 2000 mm mesh in the first to 
fourth panellette of baiting panel (Fig. 3-a) 

Exp. 17 The same as Exp. 6 

Exp. 11 Low standard net with 2500 mm mesh in the first to fourth 
panellette of baiting and wedge panels (Fig. 4-a, b) 

Exp. 15 High standard net with 2000 mm mesh in the first to 
fourth panellette of baiting and wedge panels (Fig. 3-a, 
b) 

@ Experiments using a larger mesh for the wing panels 

Exp. 18 High standard net with 1000 mm mesh in the inner part of 
wing panels (Fig. 3-c) 

Exp. 20 Low standard net with 1000 rrm mesh in the inner part of 
wing panels (Fig. 4-c) 

Exp. 22 Low standard net with a large hexagonal mesh (1.0 rn each 
side) in the entire area of wing panels (Fig. 5) 

Q) Experiment using large mesh in cod-end (to sort Greenland turbot 
from sablefish) 

Exp. 13 Changing the mesh of cod-end of low standard net to 180, 
230 and 280 nm. 
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2) To avoid intake of demersal species by keeping the net bottom distant 
from the sea bed 

(D Removal of ground rope and roller gears 

Exp. 4 Net with 131 dropper chains instead of ground rope of 
standard net (Fig. 6-c) 

@ Making the hanging chains of standard net longer or replacing them 
with long hanging ropes (Fig. 6-b, d) 

Exp. 3 Reducing the number of hanging chains (0.35 ml of low 
standard net to 31 and adding a hanging rope of 1.0 m 
long to each of the hanging chains 

Exp. 12 Reducing the number of hanging chains of low standard net 
to 10 and making the length 1.0 m 

Exp. 21 The same as Exp. 12 

Exp. 19 Reducing the number of hanging chains of low standard net 
to 10 and making the length 1.5 m 

Exp. 14 Replacing hanging chains of high standard net with 8 
hanging ropes of 1.0 m long 

Exp. 16 Replacing hanging chains of high standard net with 8 
hanging ropes of 1.5 m long 

G) Development of a new trawl gear for off-bottom tow 

Exp. 5 A newly designed trawl net exclusively for off-bottom tow 

3) Development of selective finishing method 

Exp. 7 Reducing of towing speed of high standard net 

Exp. 8 Increase or decrease of the frequency of operation (shooting 
and hauling) of high standard net 

Exp. 9 High net with baiting panel of 2000 nm mesh towed off-bottom. 
The net used is the same as the net used for Exp. 6 and 17. 

Exp. 10 Off-bottom tow of high standard net 

2. Method of Experiments 

We used two vessels as much as the circumstances allowed, having each of 
them simultaneously tow a net of improved type and conventional net the 
same size, and comparing the results. Since the towing duration, depth of 
water of net towed and other conditions were the same with both nets, we 
considered that the catch of each net by species should represent the 
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catching efficiency of the net for the pertinent species. When the cir
cumstances did not allow using two boats, one boat towed an modified net 
and conventional net alternatively for the same number of times in the same 
sea area. To Exp. 21 and 22 conducted in swmner 1985, we applied a fac
torial design in which various factors were included that might influence 
the catch by species. 

3. Towing Method and Others 

The standard vessel speed at the time of towing was 3.5 kt in the ordinary 
experiments, and five tows a day were performed on the average. The tows 
were made parallel to isobath. This is because, if the net is towed ver
tically to an isobath, the water depth changes during towing. Therefore, 
the rope must be retrieved or fed incessantly to meet the depth change, 
resulting in a change of the fishing efficiency within one tow. Also, it 
should be extremely difficult for the two vessels operate the net in the 
same manner. Each time one towing completes, the two vessels moved to a 
deeper or shallower area, in order not to duplicate tows along the track of 
preceding tows, and repeated tows parallel to an isobath. In order to 
avoid possible bias that might occur if one vessel is always at a deeper 
side or shallower side, the relative positions of the two vessels were 
changed from time to time. The towing depth was set within a range of 150 
m to 600 mas a rule, and the depth for each tow was chosen according to 
the circumstances. The towing time indicates the duration of time starting 
at the time at which the net recorder confirms the net reached the sea bot
tom and ending at the start of rope retrieval. The towing time is 90 minu
tes for experiments 1 through 20 and 60 minutes for experiments 21 and 22. 
In paired tows, the distance between the two vessels was always determined 
by a radar system and others, and it was kept at about 0.2 miles. The 
opening height of the net was always monitored during towing and results 
were recorded. Also, the distance between the wing tips was measured once 
a day. 

4. Catch Sampling 

Estimation of catch amount: all catches were measured or estimated for the 
weight or number of individuals for each species. If the total catch 
weight was less than one ton, the entire catch was sorted into species, and 
the weight and number of individuals were measured or counted by species. 

If the total catch weight was one ton or more but less than three ton, the 
entire catch was sorted into species, and species that was small in the 
quantity was actually measured or counted. Small fraction was taken in 
species that was large in the quantity and the weight and number of indivi
duals was estimated from the fraction. 

If the total catch weight was three ton or more, firstly, the volume of 
catches in the fish bin was measured. Then the average density was calcu
lated by a fraction, and the total catch was estimated based on the two 
values. For the aliquote, 30 baskets of a known volume were used. The 
catch amount by species was obtained by extending the value obtained on 
these 30 baskets. 
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All organisms other than fishes, like starfish, coelenterates and 
shellfishes, were not included in the total catch amount but crabs were 
included. 

Body length measurement: The body length was measured on major species 
like pollock, sablefish and Pacific cod and prohibited species at a rate of 
100 individuals per haul. A measurement board and punch card were used for 
this purpose. The body length measured was either the fork length or total 
length, whichever that was smaller along the body axis. 

5. Vessels Used 

So-called HOKUTENSENs were chartered and used for these experiments. All 
these vessels are about 350 ton in the capacity, about 50 meter in the 
length, similarly shaped and with highly standardized specifications. 
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IV. Outline of Method, Progress, and Results of Each Experiment 

This chapter outlines the actual method used, progress and obtained results 
on each experiment shown in Table 1. 

Winter, 1981 : Cruise by Ryoan-Maru, 31 

Exp. 1: Comparison of a low net with 3000 mm mesh in the first to 
third panellette of baiting panel (Fig. 4) and a low 
standard net (Fig. 2) 

Exp. 2: Comparison of a low net with 1000 mm mesh in the first to 
third panellette of baiting panel (Fig. 4) and a low 
standard net 

In these experiments, the rrodified trawls net and standard net were com
pared in the same area on alternating days, and the incidental catch of 
chinook salmon and catch of pollock were compared. The actual towing speed 
was in a range of 2.5 to 3.5 knot, the net opening height actually measured 
was in a range of 5 to 6 m, and the estimated distance between otter boards 
was in a range of 80 to 90 m. The three types of nets were towed as 
follows; 3000 mm mesh net was towed 16 times in four days, the low standard 
net used as control was towed 32 times in nine days, and the 1000 mm mesh 
net was towed 15 times in four days. 

A difference was recognized on the catch in weight and number with pollock, 
chinook salmon and chum salmon between the 3000 mm mesh net and low stan
dard net (Table 3). Comparison of the average catches between the two 
types of nets indicates that the pollock catch by the large meshed net is 
smaller than that of the standard net by about 78%. When the incidental 
catch rate of chinook salmon to pollock is calculated based on this value, 
it is 0.015 fishes/ton in large meshed net and 0.049 fishes/ton in the 
standard net. This suggests that the rate of escapement of chinook salmon 
from the large mesh net is greater than that of pollock. However, since 
the number of chinook salmon caught is only about 20 in total, the accuracy 
of this assumption is not high enough. 

When the mean body length of pollock was compared between those caught by 
the 3000 nm mesh net and standard net (Table 4), the mean length of pollock 
caught by the 3000 mm mesh net was larger in all cases. This was thought 
because the large meshed net could not catch small pollock, and it was 
estimated that about 70% in the length class of 350 to 420 mm and about 40% 
in the length class of 460 to 470 mm escaped from the large meshed net. It 
seemed that few large individuals in the length class of 500 to 520 mm 
escaped from the large meshed net since there was no difference in the 
catch amount of this class between the two type nets. 

On the experiment using the 1000 mm mesh net, the net was ripped fre
quently, and effective data was obtained only for one day of four tows. 
When the body length of pollock was compared with those caught by this net 
and the standard net (Table 5), there was no prominent difference in the 
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catch amount of small pollack of about 400 to 450 rrnn body length between 
the two types of nets. From this, we assume that pollack hardly escapes 
from the mesh of about 1000 mm. Since only one chinook salmon was caught 
by the two types of nets, the incidental catch rate of chinook salmon could 
not be discussed. 

Summer 1982 : Cruise by Daikichi-Maru, 37 

Exp. 3: Comparison of a low net with its hanging chains added 
with hanging ropes of 1.0 m {Fig. 6) and the low 
standard net 

Exp. 4: Comparison of a low net with its ground ropes removed 
and instead attached with 131 hanging chains of 1.5 m 
(Fig. 6) and the low standard net 

Exp. 5: Comparison of the mid-water towing of mid-water trawl 
and on-bottom towing of the low standard net 

We set survey areas in the area where dense distribution of both pollack 
and Pacific halibut had been known {Fig. 7) and conducted towing four to 
five times a day on predetermined cources while changing the four types of 
nets including the low standard net. In survey area B, the towing was con
tinued advancing successively, and in other survey areas the next tow was 
made in parallel to the track of preceding tow. The actual towing speed 
was about 3.3 knot in the case of mid-water towing and about 3.7 knot when 
other nets were used. 

When the catch amounts and incidental catch rates of pollack and Pacific 
halibut are compared between gear types and areas (Table 6, Fig. 8), the 
number of Pacific halibut caught per hour of towing by each of the three 
types of modified gears were much smaller than that caught by the low stan
dard net in all survey areas. The same result was obtained on the inciden
tal catch rate of Pacific halibut to pollack. Although the three types of 
modified gears showed a smaller catch of pollock per unit time in many 
cases, the net with hanging ropes caught more than the low standard net did 
in some survey areas. Even in a case in which the pollack catch per unit 
time by a modified trawl gear was smaller than that by the law standard net, 
the difference between the two was not as prominent as the difference on 
the Pacific halibut catch. Consequently, we consider that all these 
modified gears are effective enough with eliminating incidental catch of 
Pacific halibut. 

Upon comparing the length frequencies of pollack by trawl gears and survey 
areas, we noticed a distinct difference on them between survey areas but no 
difference between trawl gears within the same survey area (Fig. 9). 

Comparisons of catch of tanner crabs (Chionocetus opilio and C. bairdi) 
and incidental catch rate of them to pollack between survey areas and bet
ween trawl gears (Table 7) indicate that these values are extremely low on 
all three types of modified gears compared with those of conventional net. 

-8-



It seems that these modified gears are effective in reducing incidental 
catch of demersal species including crabs. 

Winter, 1982 : Experiments 6 - 10 : Cruise by Tenyu-Maru, 3 and 
Kaiun-Maru, 38 (23 days of investigation from November 22, to 
December 14, 1982) 

A series of modified gears and methods were experimented for the main pur
pose of reducing the incidental catch of salmons. The selected survey 
areas are 57°30' - 60°30' N, 174° - 179° w, with depth of 130 m - 170 m 
(Fig. 10). These areas are known as fishing grounds for pollack with a 
high incidental catch rate of salmons. Since Experiments 6 through 10 were 
conducted independently, the details of method and results are described 
separately. 

Exp. 6: Comparison of incidental catch rate of salmons between a 
high net with 2000 rrnn mesh in the ·first to fourth 
panellette of baiting panel and the high standard net 

On Exp. 1 and 2 conducted in Winter, 1981, large mesh of 3000 nm and 1000 
nun were used in the baiting panel, and it was confirmed that the 3000 rrnn 
mesh substantially reduced the incidental catch of chinook salmon but it 
also reduced the pollack catch to some extent. On the experiment using 
1000 rrnn mesh, the incidental catch rate of chinook salmon was not made 
clear but it was suggested that small pollack would not escape through the 
mesh. Exp. 6 was conducted with a mesh intermediate between the two meshes 
mentioned above. Another difference on this experiment is the use of large 
mesh up to the fourth panellette of baiting panel. 

Paired tows were made 31 times while one vessel towed a modified net and 
the other vessel towed the conventional net and the distance between the 
two vessels was kept to about 200 m. These nets were not exchanged between 
the vessels during the experiment. Comparison was made on the pollack 
catch, chinook salmon catch and mean length of pollack within each pair of 
the modified net and the standard net (Fig. 11), but no distinct difference 
between the two was indicated .. The t-test did not show significant dif
ference either on pollack catch (P ~ 0.15) or on the catch of chinook salmon 
in number (P ~ 0.4) and or on mean length of pollack (P ~ 0.3) between 
these two gears. All these indicate that there is no statistical signifi
cance to determine that, even if a large mesh is used on a baiting panel, 
if the mesh is 2000 mm, few pollacks escape through the mesh but many chi
nook salmons do. 

Exp. 7: Relationship between towing speed of high standard 
net and incidental catch rate of chinook salmon 

We conducted this experiment hoping that towing at a lower speed would 
reduce the incidental catch rate of salmons capable of swimming fast. Both 
vessels used a high standard net and one towed at about 4 knot and the 
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other about 2 knot. The duration of towing by a fast tow was set to 90 
minutes and the duration of towing by a slow tow was adjusted to the extent 
that the two vessels have the equal towing distance. The distance between 
the two vessels was set to about 200 m, and 15 paired tows were made in 
total. The actual towing speed was 3.8 knot on the average at the fast 
tows and 2.2 knot on the average at the slow tows. 

We compared the pollock catch, chinook salmon catch and mean length of 
pollock within each pair of a high speed towing and low speed towing on 
graphs (Fig. 12) but were unable to detect a distinct difference between 
the two. We also made a statistical test similar to that made for Exp. 6, 
and the result was that P was greater than 0.5 on the pollack and chinook 
salmon catch and P was 0.3 on the mean length of pollock, indicating that 
there was no difference in all cases. 

Exp. 8: Relationship between frequency of shooting and hauling 
of high standard net and incidental catch of chinook 
salmon 

There was an opinion that as the frequency of shooting and hauling a net 
increased, the number of incidental catches of salmons increased. This 
experiment was carried out to verify the opinion. Each of the two vessels 
made on-bottom towings of high standard net. One vessel towed once in 
every 2.5 hours, and during this period, the other vessel shooted and 
hauled a net three times each. The total number of experiment was seven. 

The same statistical test as was done before was given to the results 
obtained, but we recognized no distinct difference between the two on the 
catch and mean length of pollack and chinook salmon catch (Fig. 13). 
Statistics indicates that Pis equal to 0.4 on the pollock catch, Pis 
greater than 0.5 on the chinook salmon catch, and Pis equal to 0.4 on the 
mean length of pollack, indicating no significant difference. 

Exp. 9: Comparison of incidental catch rate of Chinook salmon on 
mid-water tow of a high net with 2000 Illll mesh in the 
first to fourth panellette of baiting panel and also 
mid-water tow of the high standard net 

This experiment was conducted to examine whether or not salmons were caught 
with mid-water tow, and to clarify, if they were caught, whether or not 
they could escape through a large mesh like 2000 mm. The large meshed net 
used for this experiment was the same net as the net used for Exp. 6. One 
vessels held this net and the other vessel held a high standard net, and a 
paired tow of 90 minutes was repeated six times. 

Tow was made four times in the area of about 160 m deep with towing depth 
of 6 m (twice), 20 m and 60 m, and the nets of both vessels caught nothing. 
No catch by both nets was also recorded on another tow with towing depth of 
100 min the area of about 140 m deep. In the area of about 130 m deep 
with towing depth of 90 - 95 m, the large meshed net caught nothing but the 
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standard net caught one chinook salmon. The towing depth referred to here 
indicates the distance from the sea surface to the head rope, and the 
distance between the head rope and ground rope was about 30 min all cases. 
Since no catch was made in almost all cases, the catching efficiency could 
not be compared between the two type nets, but the experiment confirmed 
that chinook salmon seldom enters a trawl net in the water column and that 
chinook salmon enter into trawl close to the sea bottom. 

Exp. 10: Comparison of incidental catch rate of chinook salmon 
between on-bottom tow and mid-water tow by high standard net 

This experiment was conducted to clarify whether incidental catch of 
salmons would occur when the net towed along the sea bottom or occur when 
the net was in the water column during the processes of shooting and 
hauling. Both vessels used high standard nets and conducted paired tows of 
90 minutes seven times, while keeping a mutual distance of 200 m. 

There was a marked difference on both pollock catch and chinook salmon 
catch between the two towing methods and the catch was greater on on-bottom 
towing in all cases (Fig. 14). The same statistical test as done before 
was applied and it resulted in the following; while there was no signifi
cant difference (P ~ 0.1) on the pollock catch between the two towing 
methods, the chinook salmon catch by on-bottom tow was far greater than 
that of mid-water tow and the difference is highly significant (Pis 
smaller than 0.001). When these results and results of Exp. 9 are taken 
into account, it can be concluded that incidental catch of chinook salmon 
by a trawl net occurs in the midst of on-bottom towing at close to the sea 
bottom. 

Relationship between pollock catch and catch of prohibited species 
(salmons, Pacific halibut, tanner crabs) 

During this navigation, mid-water towing was also conducted in addition to 
various experiments by on-bottom towing. The catches of pollock, chinook 
salmon, Pacific halibut and tanner crabs per towing was compared (Fig. 15) 
among 119 tows, which was the total number of on-bottom paired tows con
ducted except for tows with nets broken. The high net with 2000 rran mesh in 
the first to fourth panellette of baiting panel was also included in the 
analysis for the reasons that Exp. 6 showed that the net had had no signi
ficant difference from the high standard net on the catch of both pollock 
and chinook salmon and that it would not have a particular selective 
characteristics to Pacific halibut and crabs because of the relative 
positions of large mesh in the net. Since Exp. 7 and 8 already recognized 
that changes of towing speed and frequencies of shooting and hauling of the 
high standard net at on-bottom towing would not bring in.a significant dif
ference to the incidental catch rate of chinook salmon, the results of 
these nets were also included in the analysis. When the relationship bet
ween catches of pollock and three prohibited species is reviewed from this 
figure, it is known that where the pollock catch is greater, the catch of 
prohibited species is smaller, and if the pollock catch is smaller, the 
number of prohibited species increases. This appears to indicate that 
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pollock forms a dense school by itself in many cases and that the dense 
school contains few individuals of other species. 

If this assumption is correct, if on-bottom towing is made only where the 
density of pollock is comparatively high as found by an echo sounder, even 
though the catches of both pollock and prohibited species would be smaller 
than that of continuous on-bottom towing including places of low distribu
tion of pollock, the decrease of catch amount would be greater on the pro
hibited species than on pollock. As a trial, we divided the result of 119 
tows mentioned above, into seven groups by pollock catch amount and 
totalled the pollock catch amount and catch amount and incidental catch 
rate of prohibited species for each group (Table 8). The result indicates 
that, if on-bottom towing was conducted only in such places where the 
pollock catch amount per tow would be 2 ton or more, the total catch amount 
of pollock would be smaller by about 88% than the total catch amount of 
pollock made by continuous on-bottom towing even in places where the 
pollock catch amount per tow would be less than 2 ton, and the total catch 
amount of prohibited species would decrease to 60% or less. As a result, 
the incidental catch rate would decrease to about 66%. Furthermore, if 
places where the pollock catch per tow is 3 ton or more were selected and 
on-bottom towing was conducted in such places only, the total catch amount 
of pollock would decrease to about 76% of the total catch of pollock if the 
on-bottom towing was continuously done in places where the catch amount 
would be less than 3 ton, and the total catch amount of prohibited species 
would decrease to about 37% and the incidental catch rate would decrease to 
about 50%. We consider that application of this idea to the actual opera
tion would effectively reduce the incidental catches of prohibited species. 

Sumner, 1983 : Experiments 11 - 15 : Cruise by Taisei-Maru, 3 
(34 days of investigation from July 17 to August 19) 

We conducted three experiments in a sea area of 150 to 500 m deep in the 
northwest of the Unimack Pass. Since each experiment was conducted inde
pendently, explanation is given individually. 

Exp. 11: Comparison of incidental catch rates of chinook salmon and 
sablefish between a low net with 2500 mm mesh in the first to 
fourth panellette of baiting and wedge panels and the low 
conventional net 

Based on the results of various experiments (Exp. 1, 2 and 6) conducted 
before using a large mesh in baiting panel, we designed a net using a 2500 
mm mesh and used it to check how much the newly designed net would reduce 
the incidental catch of chinook salmons. Since the cruise was made in 
summer and catching enough Chinook salmon was not expected. Accordingly, 
we planned using sablefish having also fusiform body and about the same 
body length as chinook salmon as the substitute. Since only one survey 
vessel could be used, the conventional net was towed several times in 
parallel to isobaths sequentially moving from a shallow side toward deeper 
side on the first day, and on the second day, a modified net was towed in 
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parallel to the towing track of the first day and along isobaths, each of 
which was about 10 m deeper than those of the first day. One pair of the 
result consists of two tows having depth difference of about 10 m. The 
entire experiments can be divided into two major parts. In the former 
part, the two nets were towed 13 times each in a somewhat deeper sea area, 
targetting at Greenland turbot and in the latter part, the two nets were 
towed 14 times each in a shallow sea area, targetting at pollock. 

Among the former part of the experiment targetted at Greenland turbot, we 
compared the catch amounts of Greenland turbot and sablefish between the 
two type nets on the graphs (Fig. 16). The result was that the catch was 
larger by the conventional net and smaller by the modified net in all pairs 
and on both species. The rate of catch decrease resulting from modifica
tion of the net is similar to both species and no large difference could be 
recognized on the rate of incidental catch rate of sablefish against 
Greenland turbot. The mean catch per tow of Greenland turbot by the 
modified net is about one third of that of the conventional net, and this 
difference was highly significant statistically also CP < 0.001). On the 
sablefish catch also, the mean catch per tow by the modified net was about 
a quarter of that of the conventional net and highly significant difference 
CP < 0.001) was recognized. The difference of incidental catch rate of 
sablefish against Greenland turbot between the two types of net was not 
significant CP > 0.5). 

In the latter half of experiment during which we towed 13 times targetted 
at pollock, the pollock catch by the conventional net was excessively large 
in all tows (Fig. 16), and the mean catch per net of the modified net was 
only about one ninth of that of the conventional net. This difference was 
also highly significant statistically CP < 0.005). The catch of sablefish 
was small in all tows and the difference between nets was not significant 
CP > 0.5). The difference of incidental catch rate of sablefish to pollock 
between the conventional and modified nets was highly significant (P < 
0 .001). 

It is obvious that the catch was extremely small on both major objective 
species of Greenland turbot and pollock because of the large mesh both in 
the former and latter parts of the experiment. It was quite clear that 
sablefish catch decreased greatly because of the modification of the gear 
in the former half of the experiment which was carried in deep waters. In 
the latter half of the experiment which was carried in shallow waters, the 
catch of sablefish itself was not large enough both in the modified and con
ventional gears to detect the effect of the modification of gear, but the 
incidental catch rate of sablefish against pollock increased drastically as 
the result of heavy decrease in the catch of pollock. Consequently, this 
type of modified net was considered not to be suitable for commercial pur
pose because it decreased the catch of target species such as pollock and 
Greenland turbot, although incidental catch rate of sablefish was also low. 

Exp. 12: Comparison of incidental catch rates of Pacific halibut 
and crabs between the low standard net and a low net on 
which the number of hanging chains was reduced to 10 and 
the length was made to 1.0 m 
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This experiment is based on the same idea as Exp. 3 conducted in Sunnner, 
1982, but on the net used for this experiment, the number of chains, which 
counted 31 in Exp. 3, was further reduced to 10. Also, the structure was 
simplified by using chains only, and these changes were given to reduce the 
incidental catches of Pacific halibut, crabs and sablefishes. The modified 
net and conventional net were used alternately by one day. On the first 
day, either one of the two type nets was towed in depth intervals of about 
10 m. On the second day, another type net of the two was towed in parallel 
to the tow track of the preceding day, giving a 5 rn distance to it. The 
total number of tows conducted was 30. 

Since an extremely small quantity of Pacific halibut and king crab were 
caught in the experiment, they could not be taken up as the objectives for 
further analysis. The trawling results of two types of nets towed in two 
consecutive days in depths 5 m distant to each other were thought to 
comprise a pair of data and the catches of pollock and sablefish were com
pared within these pairs (Fig. 17). Although there were three cases in 
which the net with long hanging chain caught a larger amount of pollock, in 
other ten cases, the conventional net caught ioore. The mean catch per tow 
by the modified net was only about 60% of that of the conventional net. 
However, this difference was not significant statistically (P = 0.4). on 
all 15 cases, the sablefish catch was larger on the conventional net and 
the mean catch per tow of the modified net was up to one third of that of 
the conventional net. This difference was highly significant statistically 
(P < 0.001). Reflecting the relationship between the catches of pollock 
and sablefish, the rate of incidental catch of sablefish to pollock was 
small in the modified net and the difference was significant statistically 
(P < 0.05). Based on these results, it can be said that this modified net 
would be effective to reduce the catch amount of sablefish. Also, it is 
assumed that the net with long hanging chain would be effective to reduce 
the incidental catch of Pacific halibut since Pacific halibut also lives on 
the sea bottom or close to it, as sablefish does. 

Exp. 13: Comparison of retention rates of Greenland turbot and 
sablefish between different mesh sizes in the cod-end of 
low standard net 

This experiment was conducted to estimate the mesh size in the cod-end 
which would retain Greenland turbot, an important target next to pollack, 
and through which chinook salmon and sablefish would be able to escape. 
Three mesh sizes of 180, 230 and 280 mm were experimented and they were 
towed 20 times, 19 times and 15 times, respectively in a water depth range 
of 400 to 500 m. The cod-end was enclosed in a cover-net of the regular 
mesh so that the catches that came through the cod-end was retained within 
the covering net. 

Not many chinook salmons and Pacific halibuts were caught in this experi
ment, only nine of Pacific halibuts, and they were excluded from the 
further analysis. Since a comparatively large amount of sablefish was 
caught, it was compared with Greenland turbot. The rate of fish in weight 
retained by the cod-end to the total catch in weight was defined as the 
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retention rate, and the retention rates of Greenland turbot and sablefish 
were compared between different meshes of the cod-end (Table 9). Greenland 
turbot is retained by the 180 mm mesh at a high rate but half of sablefish 
escapes from it. Almost all sablefish escapes from the 230 mm and 280 mm 
meshes and Greenland turbot also escapes from them at a high rate. In this 
case, since the retention rate of sablefish by the 230 mm mesh has 
decreased sufficiently already, to enlarge the mesh further is meaningless 
as it would serve unnecessarily reducing the retention rate of Greenland 
turbot. 

The relationship between the body length and retention rate of Greenland 
turbot and sablefish were reviewed by mesh sizes of the cod-end mesh (Figs. 
18, and 19). The 50% selective body length of Greenland turbot is esti
mated as 50 cm on 180 mm mesh, 67 cm on 230 mm mesh and 75 cm on 280 mm 
mesh. Based on these figures, the selection factor (ratio of 50% selective 
body length to the mesh size) of Greenland turbot is about 2.8. The 50% 
selective body length of sablefish is estimated at 56 cm on 180 mm mesh, 
which makes the selection factor of sablefish 3.1. Between two species 
extremely different in body forms and selection factors, as in the case of 
Greenland turbot and sablefish, catching the two species selectively is 
possible by adopting an appropriate mesh size in the cod-end. 

Winter, 1983 : Experiments 14 and 15 : Cruise by Yakushi-Maru, 31 
(32 days of investigation from November 17 to December 18) 

The initial plan was to use two survey vessels for paired tows. However, 
since one of the scheduled vessels became unusable because of an accident 
immediately before sailing for the survey trip, these experiments were con
ducted by only one vessel. Accordingly, the two nets were towed daily in 
turn in order to obtain paired data. In other words, a day was spent for 
the tows of one type of net, and tows were duplicated at the same depth in 
the same area by another type of net. After finishing two consecutive days 
in the area, the vessel rooved to an adjacent area. The survey areas were 
either on continental shelf or slope in the Bering Sea from 54°49' to 
56°40' N and from 166°27' to 168°46' W. The experiments were mainly con
ducted in the so-called Polaris fishing ground, north to Onalaska Island 
(Fig. 20). 

Exp. 14: Comparison of incidental catch rate of Pacific halibut between 
a high net (Fig. 6) with eight hanging ropes of 1.0 m long 
(Fig. 1) and the high standard net 

These nets were towed 30 times each and 30 pairs of data were obtained. 
Based on the results, the catch in weight and in number of major species 
were compared between the two trawl gears (Fig. 21, Table 10). On Pacific 
halibut, both the weight and number of fishes caught were small and the 
difference between the two gears was not so obvious, but the modified net 
caught rather less, that is, about 20% smaller than that of the conven
tional net both in the mean number and weight per tow. This tendency is 
more prominent on flatfishes other than Pacific halibut. On flatfishes, 
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the catch with modified net was smaller in many pairs of data and the mean 
catch weight per tow of the modified net was only about 60% of that of the 
conventional net. The catch in weight with modified net was extremely 
small on sablefish also. The mean catch in weight of modified net was 
smaller than 40% of that of the conventional net. The same tendency could 
be recognized on Pacific cod and chinook salmon also. However, the catch 
in weight of modified net was larger in many pairs of data in the case of 
pollock and the mean catch weight of modified net is 1.8 times as much as 
that of the conventional net. The exact reason for the modified net 
catching more pollock than the conventional net does is not clear yet, but 
since the modified net has a evident effect on reducing incidental catch of 
sablefish, this net worth being tried further. 

Exp. 15: Comparison of incidental catch rate of chinook salmon 
between the high standard net and a high net with 2000 nm 
mesh in the first to fourth panellette of baiting and 
wedge panels (Fig. 3). 

These nets were towed 25 times each and 25 pairs of data were obtained. 
Based on the results, the catch in weight and in number of major species 
were compared between the two gears (Fig. 22, Table 10). On chinook sal
mon, the number of fishes caught and catch in weight per tow was much 
smaller with the modified net. When compared on the mean value per tow, 
the mean number of fish caught or the mean weight of catch of the modified 
net was not larger than 30% of those of the conventional net. The catch in 
weight of pollock with the modified net was also small and when the catch 
was compared on the mean values, the catch in weight of modified net was 
42% of that of the conventional net. 

On Pacific cod, although the catch of the modified net appeared smaller 
than that of the conventional net, the difference was not so evident. On 
sablefish, Pacific halibut and other flatfishes, nothing definite could be 
made whether or not the catch of either one of the two type nets was larger 
than that of the other. When a large mesh was used both in the baiting and 
wedge panels, if the mesh used was 2000 nm, it hardly affected the catches 
of sablefish and flatfishes including Pacific halibut. However, it seemed 
that many chinook salmons escaped through the mesh and also a good part of 
pollocks escaped through the mesh. 

Winter, 1984: Experiments 16 - 20: Cruise by Fukui-Maru, 18 and 
Tc:mi-Maru, 51 (60 days of investigation from October 8 to December 5) 

The survey area was on the periphery and slope of the continental shelf in 
the Bering Sea ranging from the Unimack Pass to the south and 59°N to the 
north and between 165°to 178°in west longitude (Fig. 23). The northern 
part of the survey area had many days of storms and longliners were operat
ing in the area, causing difficulty to the experiment, and consequently, 
these experiments were concentrated in the vicinity of Unimack Pass. 
In all experiments, two survey vessels were used for paired tows of 
modified and conventional nets. The distance between the two vessels was 
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maintained at about 200 mas a rule, and although efforts were made to keep 
this distance towing, in some cases the distance fluctuated. It was 
intended to make 50 paired tows for each experiment, but with the net 
ripped often, resulting in some series of less than so tows. The hand 
ropes, net pendants and ground ropes were changed to those having a larger 
diameter during the cruise, but these changes were not specifically con
sidered since it was believed that these did not influence the efficiency 
of the trawl gears used seriously. Both of the conventional and modified 
nets were frequently ripped by dragging on the sea bottom. Therefore, 
these nets were trimmed in the inner wing and side panels in the course of 
the experiment from Tow No. 10 (midst of Exp. 16) to Tow No. 105 (end of 
Exp. 18). Since these trimmings were done in the same way on both nets, 
the change in the fishing efficiency were thought to be the same on both 
nets, and difference that might have occurred was ignored. 

Although paired tows were made each time, various differences occurred bet
ween the two nets incidentally. Therefore, the following standards were 
set to determine whether or not the obtained data from each pair should be 
used in the further analysis. 

Cl) Lag of towing start/end time: If one vessel was behind the other by 
more than 20 minutes in starting or ending the tow, the data of such 
pair of tow was omitted. 

(2) Discordance in towing time duration: If there was a difference of 
longer than 30 minutes, the data of such towing was omitted. If the 
difference was within 30 minutes and difference in the ship positions 
was minor, the data was adopted. 

(3) Deviation of towing position: If the positional deviation was within 
3' in the latitude and 5' in the longitude, the data was adopted. If 
the deviation was greater than these, the data was omitted. 

(4) Difference in towing depth: Since the water depth changed constantly 
during the tow, it was impossible to compare the towing depth between 
the two vessels through the entire course. Accordingly, the water 
depth was compared at the time of starting and ending of the tows, and 
if the difference between the two vessels was minor, the data was 
adopted. On the tow with water depth not being specified, the data 
was adopted if the two vessles were close enough. 

(5) State of the net after tow: The state of the net after being towed 
was classified into three categories: Serious break, medium break and 
minor break. Data of the net of medium or serious break was omitted. 

The paired tow was conducted 175 times during the period, and data of 151 
pairs was adopted as others were determined unusable for further study 
because of unfavorable conditions like stormy weather, rip of the net, etc. 
The number of effective data varies considerably by experiments (Table 11). 
On the results which were determined usable, the effects of the modifica
tion of the net were determined in the following manner. Firstly, the 
catch by the paired net was shown as a dot on a graph having vertical and 
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horizontal coordinates for each species {Fig. 24 - Fig. 28). In this case, 
the catch of the conventional net was marked along abscissa and that of the 
modified net along ordinate. The same procedure was given to the ratio of 
sablefish catch to pollock catch and the ratio of Pacific halibut catch to 
the catch of other flatfishes. Then, a 45° line was fitted from the zero 
point. If all dots are along this line, it means that the fishing effi
ciency of the modified net is completely equal to that of the conventional 
net, and if these dots are below the line, the fishing efficiency of the 
modified net is smaller than that of the conventional net. Furthermore, we 
calculated the regression coefficient and correlation coefficient, assuming 
that, when the catch by the modified net by species is expressed as "Y" and 
the catch by the conventional net by species is expressed as "X" in the 
data of all paired tows, the two would regress to the line CY = (3 X) that 
goes through the zero point {Table 12). 

If all experiments were conducted in areas having equal distribution den
sities for all species, the catches of the modified net and conventional 
net should be normally distributed around a certain mean value. However, 
since the place of towing would continuously change even within one experi
ment in the actual case, a specific mean value cannot be expected to the 
catch of each net. Here, we took an assumption that the fishing efficiency 
of a certain modified net to a certain species would have a certain rate to 
that of the conventional net. According to this assumption, the results of 
all paired tows would have specific linear relationship, and this was the 
reason why we calculated the regression coefficient. According to this 
assumption, slope"~" of the line should show the value of ratio of the 
catch of modified net to the catch of conventional net, and correlation "r" 
should show the degree of relation between the two. 

Exp. 16: Comparison of incidental catch rates of chinook salmon and 
sablefish between a high net equipped with 8 hanging ropes 
of 1.5 m long and the high standard net 

The catch of pollock by the modified net was slightly larger than that of 
the conventional net apparently, though the difference was not necessary 
significant. In the case of sablefish, the catch of the modified net was 
obviously smaller, and if the regression coefficient could be trusted, the 
catch of the modified net would always be about 1/8 of that of the conven
tional net. This tendency was more conspicuous on Pacific cod. On chinook 
salmon, since both types of nets caught little, effective comparison could 
not be made. On flatfishes and Pacific halibut, the catch of the modified 
net was extremely small, and especially on flatfishes, the catch of the 
modified net was slightly less than half of that of the conventional net. 
Reflecting the relationship on the catch between sablefish and pollock, the 
ratio of incidental catch of sablefish to pollock was also small on the 
modified net. On the ratio of incidental catch of Pacific halibut to flat
fishes, although no significant result in the statistical aspect has not 
been obtained, as a trend the incidental catch was smaller on the modified 
net. This modified net reduce the catch of prohibited species and species 
with low TALFF almost without reducing the catch of pollock. Although 
decrease in the catch of flatfishes is a problem of this gear, it is a 
suitable gear when pollock is the target species. 

18-



Exp. 17: Comparison of incidental catch rates of chinook salmon and 
sablefish between the high standard net and a high net with 
2000 Imll mesh in the first to fourth panellette of baiting 
panel (Fig. 25, Table 12} 

The catch of pollock with the modified net was about 60% of that with the 
standard net, and this correlation was highly significant. The similar 
trend was observed on sablefish and Pacific cod but no significant correla
tion was observed on chinook salmon. The catch in weight of flatfishes 
with the modified net was slightly larger than that with the conventional 
net apparently, but the catch of Pacific hlibut with the modified net was 
smaller. The rates of incidental catches of Pacific halibut to other flat
fishes were low in the modified net, reflecting the relation. This 
modified net could not be suitable for commercial purpose since the catch 
of pollock itself decreased substantially and the catch of Pacific cod also 
decreased. 

Exp. 18: Comparison of incidental catch rates of chinook salmon and 
sablefish between the high standard net and a high net with 
1000 rran mesh in inner wing panels (Fig. 26, Table 12) 

The catch of pollock was about the same with the two types of net but the 
catch with the modified net was extremely smaller on sablefish and Pacific 
cod, and this relation was significant at a high level, statistically. On 
chinook salmon, since the numbers of individuals caught was small with both 
nets, the comparison could not be made effectively. The catch of flat
fishes with. the modified net was about 60% of the conventional net, and 
this correlation was significant at a high level. On Pacific halibut, the 
catch with the modified net was small as a whole, compared to that of the 
conventional net. The ratio of sablefish catch to pollock catch was extre
mely small with the modified net and the value was about 0.41. This 
modified net had characteristics that were quite similar to the high net 
with long hanging ropes because the catch decreased in all of sablefish, 
Pacific cod and flatfishes, while the pollock catch did not decrease. 
Accordingly, this modified net was suitable for operations targeted at 
pollock. 

Exp. 19: Comparison of incidental catch rates of chinook salmon and 
sablefish between the low standard net and a low net with 
10 hanging chains of 1.5 m long (Fig. 27, Table 12) 

The pollock catch with the modified net was about 60% of that with the con
ventional net and the correlation between the catches with the two nets was 
highly significant. The relation between the two nets did not concur on 
sablefish and Pacific cod, that is, there was no difference between the two 
types on sablefish, but on Pacific cod, the catch with the modified net was 
larger. On chinook salmon, since the number of individuals caught was 
small on both nets, meaningful comparison could not be made. 

There was no difference in the catch of flatfishes between the two nets, 
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but in Pacific halibut, the number of individuals caught with the modified 
net was smaller than that of the conventional net. As to the rate of inci
dental catch of sablefish against pollock, that of the modified net was 
slightly larger than that of the conventional net. As to the rate of inci
dental catch of Pacific halibut against other flatfishes, that of the 
modified net was smaller than that of the conventional net. 

With this modified net, the pollack catch was much smaller than that of the 
conventional net, while the pollack catch did not decrease, in the case of 
high net with hanging ropes (Exp. 16). At present, how this difference 
occurred is not clear. However, since the disaccordance cannot be easily 
interpreted, further experiment should be repeated in an appropriate con
dition. If the result of experiment of this time is correct, this type of 
net is not suitable for pollock fishing since the catch with the net was 
rather small. 

Exp. 20: Comparison of incidental catch rates of chinook salmon and 
sablefish between the low standard net and a low net with 
1000 nm mesh in inner wing panels. (Fig. 28, Table 12) 

On this experiment, the number of effective pairs of data was only 15 and 
there were some inconsistency within the results. As an average, the 
pollock catch of the modified net was about half of that of the conventinal 
net. As to the sablefish catch, although the regression coefficient was 
slightly larger than 1.0, since it was inconceivable that the catch could 
be increased by the modification of the net, it was considered that no 
change had occurred. On Pacific cod, the modified net caught less than the 
conventional net did. on chinook salmon, although the number of effective 
data was small and the correlation was not necessarily large, the modified 
net always caught less and the number of individuals caught was either 
extremely small or none, indicating that the modified net seldom caught 
chinook salmon. There was no difference in the catch of flatfishes between 
the two nets, but on Pacific halibut the modified net caught less. The 
incidental catch rate of sablefish to pollock was large with the modified 
net, but the incidental catch rate of Pacific halibut to flatfishes was 
slightly smaller with the modified net. Since the pollack catch decreased 
but the catch of Pacific cod did not decrease with this modified net, this 
net could not be suitable for fishery for pollack. However, this modified 
net may be effective for fishery targeted at flatfishes since it has rela
tively small incidental catch rates of chinook salmon and Pacific halibut 
without decreasing the catch of other flatfishes. 

Surmner, 1985: Cruise by Hukui-Maru, 18 and Kaiun-Maru, 65 
(30 days of investigation from July 22 to August 20, 1985) 

Exp. 21: Comparison of incidental catch rate of sablefish between 
the low standard net and a low net with 10 hanging chains 
of 1.0 m long (same net as was used for Exp. 12, temporarily 
referred to as Net Xl in this chapter - Fig. 6). 
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Exp. 22: Comparison of incidental catch rate of sablefish between 
the low standard net and a low net with its whole wing panel 
replaced by a large hexagonal mesh of 1.0 ma side (temporar
ily referred to as Net X2 in this chapter - Fig. 5). 

As were done in preceding experiments, two HOKUTENSENs were used for paired 
tows of a modified and the conventional nets and the effects of the modifi
cation of the net were examined. In these experiments, however, new fac
tors described below were taken into consideration, in addition to the 
modification of the net, which might have affected the result. 

(1) Difference in the fishing efficiency between nets of the same type: 
There were some uncertainness about the possible difference in the 
fishing efficiency even between nets of the same type and same size. 
In order to verify the possibility, two conventional nets were employ
ed for the experiments this time, instead of using only one net of the 
conventional type as was done in the preceding experiments. It made 
possible to make two similar series of combinations of the modified 
nets and two standard nets, so that difference in the fishing effi
ciency between the two conventional nets could be detected, if any. 

(2) Difference between vessels: As in the preceding experiments, the two 
vessels used for these experiments were also HOKUTENSENs, and their 
principal particulars like the length, tonnage, power of the engine, 
etc. were quite similar to each other. Nevertheless, in consideration 
for the possible difference in the catching efficiency between the two 
vessels, the nets under experiment were exchanged between the vessels 
so that any difference in the fishing efficiency could be detected. 

(3) Difference in the catch related to the sea area: In consideration of 
the possibility of the distribution density of sablefish, the objec
tive of these experiments, influencing the incidental catch rate, we 
conducted two series of experiments exactly of the same combination in 
two different areas of rather low sablefish distribution density (area 
centering at 50°30' N and 171°00' W, hereinafter referred to as Area 
Al) and high sablefish distribution density (area centering to 55°00' 
N and 167°00' W, hereinafter referred to as Area A2) (Fig. 29). 

All factors, including those described above plus the experiment factors of 
two types of modified nets, were arranged in conformity to a factorial 
design (Table 13). 

On analyzing the results, we employed various statistical tests to deter
mine whether or not any difference was introduced to the catch amounts of 
the five species (pollock, Pacific cod, sablefish, Pacific halibut, and 
flatfishes other than Pacific halibut) but each of such factors as the sur
vey vessel, net and survey area. On this analysis, the data of catch 
amount was used raw without being standardized. This was because, most of 
the analyses of this type argued the species composition and ratios of 
catch amount, rather than the absolute values of catch amounts. Since it 
was preferable for the convenience of analysis, if the number of com
binations of factors like vessel, net and sea area was equal, we selected 
120 pairs of data that would satisfy the conditions necessary for the fac
torial design among effective data which totalled to 133 pairs. 

-21-



Among the various methods applied to analyze the experiment results, such 
methods as the comparison of mean catch by sea areas, similarity analysis, 
multivariate analysis or factorial design were not necessarily effective to 
detect the effects of the modifications of trawl gears in these experiments 
in which the water depth was different tow by tow, since the results would 
strongly be influenced by the changes in the species composition which was 
strongly dependent on the water depth and sea area. One thing that we 
might particularly mention here is that no significant difference was 
detected in the catches of all species between the two conventional nets 
(nets Cl and C2) of the same type and same size and between the two vessels 
in all method of analysis we used. 

As a result of multivariate analysis and analysis of variance, it was 
believed that the data from paired tows could be treated as was sampled 
from one mass, statistically. Therefore, we decided to examine the dif
ference in catching efficiency for each species between the modified net 
and conventional net based on the paired tow data. Although the variance 
analysis can determine whether the difference between factors would be 
significant, it does not show the difference numerically. In this analy
sis, we assumed that the fishing efficiency of Net Xl or X2 has a certain 
ratio to the fishing efficiency of Net Cl and C2, the prototypes of the 
modified nets, and calculated the regression of the catch amount with the 
modified net on each species against the catch amount with the prototype 
(conventional) net (Table 14). On calculation of the regression, we com
bined the data of both vessels, applying the result of analysis of variance 
which had negated the importance of the difference of vessels. Also, Net 
Cl and Net C2 were combined as Net C. In order to facilitate judging the 
difference in catch of each species by nets, we showed the results in 
graphs (Fig. 30 - Fig. 33). In these graphs, the catch of conventional net 
was marked along abscissa and the catch of modified net was marked along 
ordinate on each species, and the result of paired tows was indicated as a 
point. On these graphs, the 45° line indicates the relationship of Y=X, 
that is, the catch with the modified net is equal to the catch with the 
conventional net, or no improvement because of the modification at all. On 
these graphs, the slope of the fitted line indicate the ratio of fishing 
efficiency of the modified net to that of the conventional net. If this 
line is below the 45° line, the fishing efficiency of the modified net is 
thought to be less for the species under consideration. The present result 
indicated that the fishing efficiency of Net Xl on pollock was on the order 
of 70% of that of the conventional net. The fishing efficiency of this net 
was low on Pacific cod and flatfishes other than Pacific halibut, and 
extremely low on sablefish and Pacific halibut. Although the net suf
ficiently achieved the objective of reducing incidental catches of sable
fish and Pacific halibut, it had the problem of decreasing the catch of 
pollack, the target species, by 24 - 28%. The fishing efficiency of Net X2 
on pollack was rather higher than that of the conventional net. However, 
the decrease in the sablefish catch was slight and was inconsistent between 
areas rather extensively. On cod, Pacific halibut and other flatfishes, 
the results were not consistent, or there were contradictory results with 
decrease in one sea area and increase in another, and this situation cannot 
be reasonably interpreted at present. 
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V. Discussions 

In the former chapter, the author outlined the progress and results of each 
experiment in chronological order, and in this chapter, he tries to eva
luate these experiments. To facilitate the evaluation, all experiments 
were sorted into several groups based on the similarity in the modification 
applied to the trawl gears and methods as follows. 

1. Using large mesh in a panel (or panels) of a conventional net to 
release fishes other than target species 

1) Experiments using large mesh in baiting panel only (Exp. 1, 2, 6, 
17) 

This method was applied to both the high standard net (Exp. 6, 17) 
and the low standard net (Exp. 1, 2), and three different meshes 
were used; 3000 mm for Exp. 1, 2000 nm for Exp. 6 and 17, and 1000 
mm for Exp. 2. If the use of a large mesh in this part would bring 
in the same effect to both high and low nets, the change of mesh 
sizes would have indicated changes in the quantity and quality of 
the catch according to mesh size. 

With the 3000 mm mesh, we could substantially reduce the catch 
amount of chinook salmon but the mesh also reduced the pollack 
catch to 0.84 of that with original net. In this case, the pollock 
that escaped from the net was mainly individuals of small size. 
Therefore, this mesh was thought suitable to catch pollock of large 
sizes selectively. 

On Exp. 2 where 1000 mm mesh was used, we were unable to clarify a 
change in the catch of chinook salmon, but the pollock catch 
remained the same. On Exp. 6 and 17 where 2000 mm mesh was used 
and the modification was given to the high standard net, the 
pollack catch did not change and the decrease in the number of 
individuals of chinook salmon caught was not significant. 
Accordingly, it is quite clear now that unless the mesh in this 
part is larger than 2000 mm, modification of the net would be 
meaningless as a countermeasure against incidental catch of chinook 
salmon, but from the result of Exp. 1, 3000 mm would be too large. 
The mesh must be somewhere intermediate between the two in order 
to retain pollock while providing a high escape rate of chinook 
salmon. 

2) Experiments using large mesh in baiting and wedge panels (Exp. 11 
and 15) 

On Exp. 11, 2500 mm mesh was used in the first to the fourth 
panellettes of the baiting and wedge panels of the low standard 
net, and on Exp. 15, the same modification was given to the high 
standard net. The result was that the catch of pollack, as well as 
the catches of chinook salmon and sablefish, substantially 



decreased. This did not coincide with the results of experiments 
using large mesh in the baiting panel (Exp. 1, 2, 6, 17). The use 
of a large mesh in the wedge panel might be responsible for it. 

3) Experiments using a large mesh in wing panels (Exp. 18, 20, 22) 

Large mesh of 2000 mm was used in the inner wing panels of the high 
and the low net on Exp. 18 and Exp. 20, respectively. However, the 
results contradicted to each other. On Exp. 18, the pollock catch 
did not change but the catches of sablefish and Pacific cod 
substantially decreased to 0.1 and 0.4 respectively. On Exp. 20, 
the pollock catch decreased to 0.5 while the sablefish catch did 
not decrease. Presumably this discrepancy was caused by a dif
ference in the shape of the nets under tow, that was, a difference 
in the degree of contribution of the wing panels to the catch bet
ween the high and the low nets. But this question cannot be solved 
at present since we cannot confirm the behavior of the net under 
tow any more. On Exp. 22, hexagonal mesh was used in the entire 
wing panels of the low standard net. In this case, since the net 
was designed to keep the mesh form unchanged under tow, we presumed 
that it would substantially affect the catch amount of either one 
of these species. However, the result was not too clear on this 
point. The pollock catch did not change, the catch of sablefish 
slightly decreased, and contradictory results were obtained on the 
catches of Pacific cod, Pacific halibut and flatfishes between dif
ferent sea areas, and thus the effect of net modification was not 
clear at all. 

4) Experiment using large mesh in cod-end (Exp. 13) 

The idea for this experiment was simple and clear. What it 
attempted was to release sablefish only, having a fusiform body, 
after being caught in the net. The result was also simple, and the 
retention rates of Greenland turbot and sablefish changed steadily 
by mesh size. A 180 nm mesh retained 100% of Greenland turbot but 
released 50% of sablefish. A 280 mm mesh released whole sablefish 
and retained only 60% of Greeland turbot. A 230 mm mesh, which was 
in the middle of the two, released whole sablefish but retained 75% 
of Greenland turbot. Since the body lengths of target species 
change by the fishing ground and season, the mesh size can be 
appropriately determined in accordance with the body length of 
target species, or in accordance with the choice of increasing the 
catch or decreasing incidental catch. Between species having 
completely different body shapes, like Greenland turbot and sable
fish, this method is thought to be quite suitable to release a spe
cies having a body circular in cross section. 
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2. Prevention of intake of species other than the target species by towing 
the net distant from the sea bottom 

1) Experiment with a net equipped with dragging chains instead of 
ground rope (Exp. 4) 

On this experiment, the catches of Pacific halibut and other demer
sal fishes and crustaceans substantially decreased, but the catch 
of pollock also decreased to one half, proving that this was not a 
practical approach for the net modification. 

2) Separation of fishing line from the ground rope by using hanging 
chains or hanging ropes between the two. 

Adding hanging ropes to existing hanging chains .•. Exp. 3 

Use of hanging ropes Exp. 14 and 16 

Use of hanging chains ....••••..•••••••....• Exp. 12, 19 and 21 

This method was experimented repeatedly since it was known in early 
stage of this series of experiments that the method would have a 
distinct effect in decreasing the incidental catch rate of Pacific 
halibut and others. On the experiments using eight hanging ropes 
with a high net, the pollock catch amount either remained unchanged 
or increased instead in both cases of the rope length being 1.0 m 
(Exp. 14) and 1.5 m (Exp. 16), but the catch amounts of Pacific 
halibut, sablefish, chinook salmon and Pacific cod substantially 
decreased. In this aspect, this method can be an ideal counter
measure against incidental catches of unwelcommed species. The 
completely same trend was shown in an experiment (Exp. 3) in which 
hanging ropes of 1.0 m long were added to the hanging chains (0.35 
m) of the low standard net, and the total number of hanging objects 
reduced to 31. 

However, the three experiments in which hanging chains were used on 
a low net showed contradictory results. On Exp. 12 using 10 
hanging chains of 1.0 m long, the pollock catch did not change and 
the sablefish catch decreased to 0.3, which are preferable results 
as had in the two experiments mentioned above. On Exp. 21, in 
which the completely same net as Exp. 12 was used, the decrease in 
sablefish catch was the same, but the pollock catch also decreased 
to 0.65 - 0.77. Furthermore, on Exp. 19, in which 10 hanging 
chains of 1.5 m were used, the pollock catch decreased to 0.6 even 
though the catches of sablefish, Pacific cod and chinook salmon did 
not obviously decrease. The reason for such conflicting results of 
the last two experiments are not explainable. However, positive 
results were obtained as was mentioned, on four other examples 
among the six experiments in this series, and this method can be 
determined as an extremely prospective countermeasure against inci
dental catch as a whole. 



3) Mid-water trawl (Exp. 5) 

The incidental catch rates of Pacific halibut and crabs with this 
net was extremely low as was expected, but the pollack catch was 
also low, and it was lower than that of on-bottom towing of a con
ventional net. Since it was known through other experiments that 
chinook salmon would also be caught in the vicinity of sea bottom, 
this net is considered to be effective to avoid incidental catch of 
the species. This gear can be a potential one if the fishing effi
ciency for pollock can be increased in the future. 

3. Developing selective trawling methods catching less other than target 
species (Exp. 7 - 10) 

When the high standard net was (Exp. 7) towed slowly, no statistical 
difference was observed in the catch of pollock and Chinook salmon com
pared to the catch with the net towed at ordinary speed. Also, even 
when the shooting and hauling frequencies of high standard net were 
changed (Exp. 8), the pollock catch did not change, nor the incidental 
catch rate of chinook salmon. Accordingly, these changes in trawling 
methods were considered to be ineffective to reduce the incidental 
catch rate of chinook salmon. 

So-called off-bottom tows were conducted twice (Exp. 9 and 10) instead 
of usual on-bottom tow. On the mid-water towing of the net with 2000 
mm mesh in the baiting panel (Exp. 9), the experiment itself was not 
smoothly carried and did not produce a clear result. When mid-water 
towing was applied to the high standard net (Exp. 10), the incidental 
catch rate of chinook salmon was much lower than that of on-bottom 
towing, but pollock catch was greater in on-bottom tows than in mid
water tows, although the difference was not statistically significant. 
The method was believed to have possibility still, and worth being 
tested further. 



Table 1. A list of the experiments for developing selective trawl gears and methods; 1981 through 
1985. 

Period of \' essel and 

cruise scientist 

1981 \Vinter Ryoan-\faru. 31 

Takeo Koyama 

1982 Summer Daikichi-Maru, 37 

Hideo Kono 
Nobuo Higo 
Calvin Blood 

1982 Winter Tenyu-Maru, 3 
Kaiun-Maru, 38 

Hideo Kono 
Koichi Fukada 

1983 Summer Taisei-Maru, 3 

1983 Winter Yakushi-Maru, 31 

1984 Winter 

Keiichiro Mori 
Calvin Blood 

Fukui-Maru, 18 
Tomi-Maru. 51 
Narumi Kono 

Serial 
No. of 
ex per. 

2 

3 

5 

6 

7 

8 

9 

11 

12 

Net type tested or 

objective of the experiment 

Low net with baiting panel of 3000 mm mesh 

Low net with baiting panel of 1000 mm mesh 

Low net with 31 hanging ropes of 1.0 m long 
and chains of 0.35 m long 

Low net with 131 dropper chains of 1.5 m 
long instead of ground rope 

Off bottom tow of a newly designed mid
water trawl 

High-rise net with baiting panel of 2000 mm 
mesh 

Relation between towing speed and in
cidental catch rate 

Relation between the frequency of operation 
and incidental catch rate 

Off bottom tow of high net with baiting 
panel of 2000 mm mesh 

High-rise standard net; comparison mid
water tow and on-bottom tow 

Low net with 2500 mm mesh in baiting and 
wedge panels 

Low net with 10 hanging chains of 1.0 m long 

13-1 Low net with 180 mm mesh in cod-end 

13-2 Low net with 230 mm mesh in cod-end 

13-3 Low net with 280 mm mesh in cod-end 

14 

15 

16 

High-rise net with 8 hanging ropes of 1.0 m 
long 

High-rise net with 2000 mm mesh in baiting 
and wedge panels 

High-rise net with 8 hanging ropes of 1.5 m 
long 

Kazuo Hamamura 17 High-rise net with 2000 mm mesh in baiting 
panel John Verhy 

1985 Summer Hokuyu-Maru, 68 
Kaiun-Maru, 65 

Kciichiro Mori 
Tadashi lnada 
Steven Klein 

18 

19 

20 

21 

22 

High net with 1000 mm mesh in inner wing 
panel 

Low net with 10 hanging chains of 1.5 m long 

Low net with 1000 mm mesh in inner wing 
panel 

Low net with 10 hainging chains of 1.0 m 
long 

Low net with large hexagonal mesh in entire 
wing panel 
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Species 

studied 

c. salmon 

c. salmon 

P. halibut 

P. halibut 

P. halibut 

c. salmon 

c. salmon 

c. salmon 

c. salmon 

c. salmon 

sablefish 

sablefish 

sablefish 

sablefish 

sablefish 

P. halibut 

c. salmon 

c. salmon 

c. salmon 

c. salmon 

c. salmon 

c. salmon 

sablefish 

sablefish 

Total 1,194 

Nos. of tow 

Exp. Contr. 

32 

29 

31 31 

15 15 

21 7 

6 6 

7 7 

27 27 

15 15 

20 

19 

15 

30 30 

25 25 

35 35 

42 42 

29 29 

49 49 

20 20 

64 64 

76 76 



Table 2. Specifications for the two kinds of standard trawl net adopted as the bases for modifications to develop selective trawl gear. 

High standard net Low standard net 

Number of net pendants 3 2 

Distance betw. otter and wing tip (m) 140 155 

Length of head rope (m) 40 52.9 

Length of ground rope (m) 42 63.4 

Diam. rubber bobbin (mm) 240 150 

Diam. steel ball (mm) 350 350 

Height at mouth of net (m) 10-15 5-6 

Dist. betw. wing tips (m) 21-40 18-28 

N 
Overall length of net (m) 60.0 33.5 

00 

I Mesh size (mm) 300, 240, 180, 150, 120, 90 180, 150, 120, 90 

Length of cod-end (m) 20 20 

Mesh in cod-end 100 100 



N 
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I 

Table 3. Comparison of catches of pollock and chinook salmon between the low net with 3000 mm mesh in baiting panel and its original type, low 
standard net ; Experiment 1. 

Gears 

Low net, 3000 mm mesh baiting (B) 

Low standard net (150 mm baiting ) (A) 

Ratio BIA 

Nos. of 

tow 

16 

32 

Trawl 

hours 

24 

48 

Catch of Catch of 

pollock pollock 

in ton ton I hour 

137.5 5.73 

371.0 7.73 

0.74 

Catch of Catch of Catch of 
chinook chinook chum salmon salmon salmon 
in nos. per hour nos. 

2 0.083 5 

18 0.375 18 

0.221 



Table 4. Comparisons of the catch amount and mean length of pollock between the low standard net (A) and a modified low net with 3000 mm mesh 
in baiting panel (B) ; Experiment 1. 

Date Position of tows Gear Catch of pollok (ton) Number of Average body length Catch ratio 
fish measured of pollok (mm) of pollok (B/~ 

Nov, 2 
59-38.6 N 

B 17.0 613 396 177-28.9W 
0.30 

3 
59-37.5 N 

A 54.0 1563 346 177-28.7W 

4 
58-18.0 N 

A 72.0 1090 408 174-18.5W 
0.34 

5 
58-13.8 N 

B 24.5 666 421 174-13.0 W 

7 56-00.3 N A 25.0 429 458 169-38.0W 
0.60 

w 56-02.3 N 0 8 B 15.0 333 469 
I 169-30. 0 W 

9 
56-15.0 N 

A 67.0 556 503 169-37. 0 W 
1.12 

10 56-15.5 N 
B 75.0 443 517 169-32.0 W 



w ...... 

Table 5. 

Date 

Nov, 
14 

15 

Comparisons of catch amount and mean length of pollock between the low standard net (A) and a modified low net with 1000 mm mesh 
in baiting panel (C) ; Experiment 2. 

Position of tows Gear type Trawl hours Catch of Number of Average body length Catch ratio 
pollock (tons) fish measured of pollock (mm) of pollock (C/ A) 

03ll-0441 2.5 170 463 
56-07.0 N A 0523-0653 1.5 156 507 

168-34.5 W 0734-0904 10.0 159 508 
0945-ll55 5.0 151 486 

0315-0445 2.0 93 446 0.8 
56-07.0 N 

C 
0523-0653 3.0 121 400 2.0 

168-39.4 W 0734-0904 8.0 62 459 0.8 
0945-1155 13.0 66 450 2.6 



Table 6. Comparisons of catches of pollock in weight (tons) and Pacific halibut in number, and incidental catch ratios of Pacific halibut between 
four types of trawl gear by area; Experiments 3-5 in 1982 summer. Area codes in Fig. 7. 

Type of trawl net used 
Areas of experiment 

A B C D E 

Trawl hours 15.l 7.5 7.6 6.0 7.5 
Pollock(A) 70.1 63.7 13.l 31.1 20.6 

Low standard net (per hour) (4.6) (8.5) (1. 7) (5.2) (2. 7) 
(for control) P. halibut (B) 13 62 6 20 2 

(per hour) (0.9) (8.3) (0.8) (3.3) (0. 3) 
Ratio (B/A) 0.19 0.97 0.46 0.64 0.10 

Trawl hours 7.5 7.5 7.5 11.9 7.5 
Pollock 40.6 20.2 69.8 24.0 39.2 

Net with 31 hanging ropes and chains of 1.35 m long (5.4) (2. 7) (9.3) (2. 0) (5.2) 
(Exp. No.3) P. halibut 3 3 3 15 0 

(0.4) (0. 4) (0.4) (1. 3) (0) 
Ratio (B/A) 0.07 0.15 0.04 0.62 0 

w Trawl hours 12.0 6.0 6.1 7.5 6.0 N 

Pollock 31. 2 22.3 12.1 22.9 4.6 
Net with 131 dropper chains (2.6) (3.7) (2.0) (3.1) (0.8) 
(Exp.No.4) P. halibut 1 14 0 4 0 

(0.1) (2.3) (0) (0.5) (0) 
Ratio (B/A) 0.03 0.63 0 0.17 0 

Trawl hours 6.0 6.0 6.0 6.2 6.0 
Pollock 29.8 6.6 1.5 4.5 23.2 

Mid-water trawl (5.0) (1.1) (0.2) (0.7) (3.9) 
(Exp. No.5) P. halibut 0 0 0 1 0 

(0) (0) (0) (0.2) (0) 
Ratio (B/ A) 0 0 0 0.22 0 



Table 7. Comparisons of catches of tanner crabs (in number), hourly catches (in number), and incidental catch ratios of the crab to the catch of 
pollock (in tons) between four types of trawl gear and by areal Experiments 3-5 in 1982 summer. 

Ser. No. Trawl gear used Catch of tanner crabs 
Area 

Experiment A B C D E 

Nos. caught 546 0 3 0 2 
Controls to Low standard net catch per hour 36 Exp. 3-5 

ratio to pollock catch 7.8 

Low net with 
Nos. caught 36 0 0 0 0 

3 
31 hanging ropes 

catch per hour 5 
and chains of 1.35 m 

ratio to pollock catch 0.9 
long 

Nos. caught 8 0 0 1 0 
w Low net with 
w 4 catch per hour 1 
I dropper chains 

ratio to pollock catch 0.3 

Nos. caught 0 0 0 0 0 

5 Mid-water trawl catch per hour 0 

ratio to pollock catch 0 



w 
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Table 8. Negative relations of incidental catch ratios of three prohibited species to the amount of catch of pollack; Experiments 6-10 in 1982 winter. 
Catch data of 119 on-bottom tows with four types of trawl gears were combined. Values in parentheses indicate the ratios of incidental 
catch to those at the pollack catch of less than 2 tons a haul. 

Classified catch of Nos. of tow Catch of pollack Chinook salmon P. halibut Tanner crabs 

with catch larger 
,. 

* * 
Total catch Ratio to Total catch Ratio to Total Ratio to 

pollack in tons than the the left in tons in nos. pollack catch in kg pollack catch catch (kg) pollack catch 

0~ 119 454.7 135 0.30 4736 10.4 9865 21. 7 
(1.00) (1.00) (1.00) (1.00) (1.00) (1.00) (1.00) 

2~ 68 400.2 79 0.20 2628 6.6 5853 14.6 

(0.88) (0.59) (0.67) (0.55). (0.63) (0.59) (0.67) 

3~ 45 343.3 50 0.15 1.739 5.1 3748 10.9 
(0.76) (0.37) (0.50) (0. 37) (0.49) (0.38) (0.50) 

5~ 24 258.9 23 0.09 927 3.6 1492 5.8 

10~ 10 160.1 4 0.02 228 1. 4 239 1. 5 

15~ 4 82.3 1 0.01 15 0.2 92 1.1 

20~ 2 48.0 0 0 0 0 57 1. 2 

* intensity of incidental catch expressed as the ratio of the catch of prohibited species (either in number or weight) against the catch of pollack in 
tons. 
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Table 9. Comparisons of retention rates of Greenland halibut and sablefish between three mesh sizes in cod-end of the low 
standard net. 

Retention rate (%) 
Mesh size in cod-end (mm) 

180 230 280 

mean 0.96 0.75 0.61 
Greenland halibut 

min.• max. 0.93~1.00 0.54~0.94 0.32~0.77 

mean 0.45 0.06 0.07 
Sablefish 

min.-max. 0.32~0.64 0.00~0.13 0.00~0.19 

Nos. of tow 20 19 15 
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Table 10. Comparisons of the catches of major species between a modified high net with 8 hanging ropes of 1.0 m long and the original high standard 
net (Experiment 14), and another modified high net with 2000 mm mesh in baiting and wedge panels and original high standard net 
(Experiment 15). 

Ser. No. Experiment 14 15 

Gear used High net with High standard net High net with High standard net hanging ropes 2000 mm mesh baiting 

Serial No. of tow 1~59 2~63 67~115 64~111 

Nos. of effective tow 30 30 25 25 

Pollock catch (ton) 148,364 82,573 8,595 20,282 

Sablefish catch (ton) 1,146 3,211 1,242 1,022 

P. halibut catch (nos.) 279 355 1,411 1,272 

P. halibut catch (kg) 1,127 1,400.1 5,739 5,842.4 

Other flatfishes' catch (ton) 7,607 13,092 11,874 11,073. l 

Chinook salmon catch (nos.) 52 78 58 198 

Chinook salmon catch (kg) 147.4 245.3 152.3 579.5 

P. cod catch (ton) 10,941 15,923 5,917 8,106 

Tanner crabs' catch (nos.) 68 73 6,714 4,347 



Table 11. Datailes for the Experiments 16 through 20, 1984 winter. 

Ser. No. Date Ser. No. Nos. of Nos. valid Nos. can- Gear used 
Experiment of tow tow data celled data Fukui maru, 18 Tomi maru, 51 

16 X. 8 -X .16. 1-35 35 29 6 High standard net High net with 8 hanging rope of 1.5 m 
long 

17 X. 16-X .28 36-77 42 40 2 High standard net High net with 2000 mm mesh baiting 

18 X. 29- XI. 4 78-106 29 24 5 High standard net High net with 1000 mm mesh inner-
wing 

19 XI. 5 - XI. 22 107-155 49 43 6 Low net with 10 hanging chains of Low standard net 1.5 m long 

20 XI.23-XII. 4 156-175 20 15 5 Low net, 1000 mm mesh inner wing Low standard net 

16-20 X.8-Xll.4 1-175 175 151 24 combined 



Table 12. Statistics for the regressions of the catch with modified nets to the catches with standard nets ; Experiments 16-20, 1984 winter. The 
regressions were based on the assumption that the relations can be expressed as Y = BX. 

Serial Pollock Sablefish Pacific Chinook Other Pacific Pacific 
Sablefish halibut 

number of Gear used Statistics cod salmon flatfishes halibut --------
pollock other 

experiment weight weight weight number weight number flatfishes 

B 1.010 0.131 0.124 0.667 0.411 0.056 0.234 0.030 

16 
High net with 8 hanging 
ropes r 0.850** 0. 593 .. 0 .664 .. 0.436 0 .852 .. 0.464* 0.636** 0.209 

n 30 28 30 11 30 25 25 24 

B 0.617 0.643 0.715 0.439 1.112 0.955 0.177 0.497 

17 
High net with baiting 

r 0.976** 0.811·• 0.891** 0.424 0.909** 0.696** 0. 411 • 0.718* 
panel of 2000 mm mesh 

n 40 34 40 19 40 36 31 36 

w B 1.097 0.479 0.132 1.500 0.639 0.404 0.410 0.088 00 High with inner-
I 

net 
18 wing panel of 1000 mm r 0.938** 0.985** 0.894** 0.626 0.972** 0.772** 0.926** 0.461* 

mesh 
24 24 24 7 24 24 19 24 n 

B 0.661 0.957 1.283 0.000 0.997 0.758 1.100 0.684 

19 
Low net with 10 hang-

r 0.928** 0.946** 0.814** 0.000 0.930** 0.892** 0. 923 .. 0.707** 
ing chains 

11 43 42 36 3 43 43 42 43 

Low net with inner-
B 0.568 1.059 0.748 0.075 1.065 0.613 3.092 0.920 

20 wing panel of 1000 mm r 0.850** 0.919** 0. 901** 0.805* 0.904** 0.976** 0.981** 0,977•• 
mesh 

15 15 12 8 15 14 15 13 11 

r*, significant at 5 % level, r••, significant at 1 % level. 



Table 13. Experimental design for the Experiment 21 and 22 is 1985 summer. 

Al, A2: Areas, Vl, V2: Vessels, Cl, C2: Control nets, Xl, X2: Experimental nets 

Day Area 
1 2 3 4 5 

V 1-V 2 V 1-V 2 V 1-V 2 V 1-V 2 V 1-V 2 

1 A 1 C 1 -X 1 C 1-X 1 C 1-X 1 C 1-X 1 C 1-X 1 

2 C 1-X 1 C 1-X 1 C 1-X 1 C 1 -X 2 C 1-X 2 

3 C 1 -X 2 C 1-X 2 C 1-X 2 C 1-X 2 C 1-X 2 

4 C 2 -X 2 C 2-X 2 C 2 -X 2 C 2 -X 2 C 2 -X 2 

5 C 2-X 2 C 2-X 2 C 2-X 2 C 2 -X 1 C 2-X 1 

6 C 2 -X 1 C 2-X 1 C 2-X 1 C 2-X I C 2 -XI 

7 X 1 -C 1 X 1-C I X 1-C 1 X 1-C 1 X 1-C 1 

8 X 1-C 1 X 1-C I X 1-C 2 X 1-C 2 X 1-C 2 

9 X 1-C 2 X 1-C 2 X 1-C 2 X 1-C 2 X 1-C 2 

10 X 2 -C 2 X 2-C 2 X 2-C 2 X 2-C 2 X 2-C 2 

11 X 2 -C 2 X 2-C 2 X 2-C 1 X 2 -C 1 X 2 -C 1 

12 X 2 -C 1 X 2-C 1 X 2-C 1 X 2-C 1 X 2-C 1 

13 A2 X 1-C 1 X 1-C 1 X 1-C 1 X 1-C 1 X 1-C 1 

14 X 1-C 1 X 1-C 1 X 1-C 1 X 2-C I X 2-C 1 

15 X 2 -C 1 X 2-C 1 X 2-C 1 X 2-C 1 X 2 -C 1 

16 X 2 -C 2 X 2 -C 2 X 2-C 2 X 2-C 2 X 2 -C 2 

17 X 2 -C 2 X 2 -C 2 X 2-C 2 X 1 C 2 X 1-C 2 

18 X 1-C 2 X 1-C 2 X 1-C 2 X 1-C 2 X 1-C 2 

19 C 1-X 1 C 1-X 1 C 1-X 1 C 1-X 1 C 1-X 1 

20 C 1 -X 1 C 1-X 1 C 2-X 1 C 2 -X 1 C 2 -X 1 

21 C 2-X 1 C 2 -X 1 C 2-X 1 C 2 -X 1 C 2 -X 1 

22 C 2 -X 2 C 2-X 2 C 2-X 2 C 2-X 2 C 2 -X 2 

23 C 2 -X 2 C 2-X 2 C 1-X 2 C 1 - X 2 C 1-X 2 

24 C 1 -X 2 C 1-X 2 C 1-X 2 C 1-X 2 C 1-X 2 
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Table 14. Regression co-efficients of the catch of major species with modified nets (XI; low net with 10 hanging chains of 1.0 m long, X2 ; low net 
with large hexagonal mesh in wing panels) to those with the original low net ; Experiments 21 and 22 in 1985 summer. 

Gear Area 
Species 

Pollock Sablefish P. cod P. halibut Other flatfishes 

Al 0. 72 0.18 0.44 0.15 0.45 
Xl 

A2 0.76 0.27 0.27 0.25 0.38 

Al 1.28 0.50 1.56 5.83 1. 38 
X2 

A2 1.87 0.89 0.97 1.04 0.66 
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the basis for modification. Specifications in Table 2. 
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Fig. 3. 

l 
A 

- - - - - - - -· --- ------- - - -- - - - -- - - -- -- - - ------------- -------- - - - ---
- - - ----- - - -- - - -

C 

A schematic illustration of the modifications of high-rise standard 
net by using large mesh in various part of the net. In the Experi
ments 6 and 7, 2000 mm mesh were used in baiting panel (A), also 
2000 mm mesh was used in baiting (A) and wedge (B) panels in the 
Experiment 15, and 1000 mm mesh in inner wing panel (C) in the 
Experiment 18. General structure and major dimensions of the net 
is in Fig. 1 and Table 2. 
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Fig. 4. 

4 

5 

A schematic illustration of the modifications of low standard net by 
using large mesh in various part of the net. 1000 mm mesh was used 
in the anterior three panellettes of baiting panel (A) in the Experi
ment 2, 2500 mm mesh was used in the four panellettes of baiting 
panel (A) and in wedge panel (B) in the Experiment 11, and 1000 mm 
mesh was used in the inner wing panel (C) in the Experiment 20. 
General structure and dimensions of the original net is in Fig. 2 and 
Table 2. 
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Fig. 5. Structure and dimensions of the low net with large hexagonal mesh 
in the entire wing panel, used in the Experiment 22 in 1985 summer. 
The net is identical with the low standard net (Fig. 2 and Table 2) 
except for the large meshed panel. 
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Fig. 6. 

A 

B 

C 

D ,_.. __ Hanging chain 

Ground rope 

Schematic illustrations of the modifications of standard net (A). In 
the Experiments 3, 12, 14, 16, 19 and 21, the short connecting chains 
of standard net were replaced by long hanging chains or hanging 
ropes (B and D), and in the Experiment 4, ground ropes were 
removed and connecting chains were replaced by long dragging 
chains (C). 
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control, b ; low net with hanging ropes of 1.0 m long (Exp. 3), c ; low 
net with dropper chains (Exp. 4), and d ; mid-water trawl (Exp. 5) : 
1982 summer. 
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Comparisons of the length frequency distributions of pollock 
caught between four types of trawl gear and by area. Gears were: 
a ; low standard net as control, b ; low net with hanging ropes of 1. 
0 m long (Experiment 3), c ; low net with dropper chains (Experi
ments 4), and d ; a mid-water trawl (Experiment 5) : 1982 summer. 
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low net with large hexagonal mesh in wing panels (along ordinate) 
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