Not to be cited by
Document Number

INPFC

Doc. 3546

TRANSLATION

RESULTS OF THE

1989 SURVEY ON BEHAVIOUR OF THE

DRIFTING NETS AND ENTANGLEMENT OF

MARINE

ORGANISMS

Keiji Nasu
Kazuhiko Hiramatsu
National Research Institute of Far Seas Fisheries
Takashi Dornon
Formerly Seikai National Fisheries Research Institute

1990 September
Fisheries Agency of Japan

THIS PAPER MAY BE CITED IN THE FOLLOWING MANNER:

Nasu, Keiji, Kazuhiko Hiramatsu and Takashi Dornon. 1990. Results of the 1989
survey on behaviour of the drifting nets and entanglement of marine organisms.
(Document submitted to the Annual Meeting of the International North Pacific
Fisheries Commission, Vancouver, Canada, 1990 October.) 10 p. Fisheries Agency
of Japan, National Research Institute of Far Seas Fisheries, 7-1 Orido 5 chome,
Shimizu, Shizuoka, Japan 424.

Results of the 1989 Survey on Behaviour of the
Drifting Hets and Entanglement of Marine Organisms

Keiji Nasu
Kazuhiko Hiramatsu
National Research Institute of Far Seas Fisheries
Takashi Dornon
Formerly Seikai National Fisheries Research Institute

ABSTRACT

We conducted a survey on the change of configuration of experimental
drifting nets with time and the entanglement of marine organisms in the nets
to determine the effect of the lost or discarded nets on marine organisms
while drifting in the ocean.
The experimental drifting net started forming a oblong mass after 3
to 5 days of the deployment. From the theoretical equation, it was determined
that the maximum length of the net represented the fishing efficiency of the
net. The fishing efficiency calculated from the observed data showed a
exponentially sharp decrease with time.
Using the following theoretical equation,

the effort of operating gillnets and that of lost nets were compared.
results indicated that effort of lost nets was extremely small.
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The

Introduction
I.

Survey Plan
1.

Survey Area (see Fig. 1) and Period

First survey: northeastern waters off Ogasawara Islands: May 8 - May 22
Second survey: waters around 45°00'N and 175°00'E: June 2 - June 30
Third survey: waters around 45°00'N and 176°00'E: July 5 - August 17
2.

Research Vessel and Research Gear

1)

Research Vessel

Kanki maru No. 3:

2)

246.93 GT, 850 HP

Research Gear

(1)

First survey:

gillnets: 40 tans, 115 mm, 1,800 m
DBT (Digital Bathythermograph)

(2)

Second survey: gillnets: 40 tans, 115 mm, 1,800 m
DBT, balloon-camera, vehicle-camera, and acoustic device
for studying entanglement of organisms

(3)

Third survey:

monofilament gillnets: 115 mm, 40 tans x 3 sets
multifilament gillnets: 180 mm, 40 tans x 3 sets
DBT, balloon-camera, vehicle-camera

The Argos buoys as well as self-call buoys (a kind of radio buoy)
were attached to the drifting nets during the first and second surveys.
The balloon-camera is a camera which is hung under the small,
towable balloon, receives a radio beam from the ground and takes pictures of
the ground or sea surface. The vehicle-camera is a self-cruising underwater
TV camera. Underwater conditions can be monitored on board the vessel through
a cable.
3.

Survey Method
1)

In the first survey, an experimental drifting net was deployed
at the first station in the survey area, left drifting during
the survey period, and retrieved at the end of the survey.

2)

In the second and third surveys, as in the first survey, the
process of changes in the configuration of the net was examined
using 40 tans of 115 mm mesh gillnets.
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In addition, the following definitions were used for mass of a net;
when the ratio of the minor axis and major axis of mass of a net is
less than 1.0: 1.5 -------- round mass
-greater than 1.0: 1.5 ----- oblong mass

II.

Results
1.

Configuration of the Experimental Drifting Net

In the first survey, 40 tans of monofilament gillnets with 115 mm
mesh were cast at 27°03'N and 145°06'E on May 8 and was retrieved after 15
days (May 22) at 28°30.2'N and 145°36.2'E. The direction and distance of the
movement of the net during this period was north-northeast and about 95
nautical miles, and the drifting speed was 6.3 nm/day.
In the second survey, 40 tans of similar gillnet as in the first
survey were deployed at 45°00'N and 175°00'E on June 12, and data on
configuration of the net and the entanglement of organisms in the net were
collected using the balloon-camera and the vehicle-camera while collecting
data on the development and modification of the acoustic device. The Mos-1
buoy which was larger than the Argos buoy was attached to this net.
This net reached 45°26.3'N and 175°55.9'E on June 20, 166 hours
after the deployment (about 7 days). The direction and distance that the net
moved was east-northeast and about 60 nm, and the drifting speed was about 8.7
nm/day. In addition, at the time of retrieval at 45°08.8'N and 177°28.5'E
after 31 days of the deployment (July 14), the net formed a round mass.
In the third survey, four sets (net A, B, C and D) of two types of
gillnet (40 tans each) were deployed with self-call buoys at around 45°00'N
and 176°00'E.
Mesh sizes and locations of the deployment were as follows:
NET

MESH SIZE

DEPLOYMENT LOCATION

BUOY

REMARKS

44°59.2'N,
44°58.7'N,
44°57.6'N,
45°00.6'N,

Mos-1
Argos
Mos-1
Argos

Monofilament
Monofilament
Multifilament
Multifilament

MM
A
B
C

D

115
115
180
180

175°59.8'E
176°01.2'E
175°59.8'E
176°00,7'E

The reason for reducing the interval of the deployment compared with
that of the previous year was to minimize the dispersion during the drifting
and to minimize the searching time of the drifting nets, so that the
effectiveness of the observation would be improved.
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In addition, the drifting directions were in general agreement with
the wind directions. The configuration of each experimental drifting net is
summarized as follows:
Net A: On the next day of the deployment, the maximum length of the
net was 60 % of the original length, and the net started to fold and form an
oblong mass. The length of the net was reduced about 30% after 6 days of the
deployment. After that, the net repeatedly expanded and contracted, and the
maximum length at the time of retrieval (44°46.9'N, 175°40.7'E) was 10 % of
the original length.
Net B: Five days after the deployment, the net showed a typical
meandering movement toward the northeast. Six days after the deployment, the
net moved to the south, and on the 8th day after the deployment, it had moved
in a circle. The length of the net at the time of retrieval (44°37.J'N,
175°34.4'E), 16 days after the deployment, was about 80 m and was reduced to
4.5 % of the original length.
Net C: Three days after the deployment, both ends of the net
approached each other, and one end of the net formed a round mass in oval form
on the 6th day after the deployment. The maximum length at the time of
retrieval (44°40.9'N, 175°48.6'), 14 days after the deployment, was 120 m
which was 6 to 7% of the original length.
Net D: Although the net extended and contracted until the 4th day
after the deployment, it formed an oblong mass after the 5th day. The maximum
length at the time of retrieval (44°40.9'N, 175°48.6'E), 14 days after the
deployment, was 15 % of the original length.
The direction of the above drifting nets was in general agreement
with the wind direction at the time of observations.
2.

Hourly Change in Fishing Efficiency of the Experimental Drifting Net

We assessed the difference of the fishing efficiency by theoretical
form of net in order to estimate the hourly change of fishing efficiency of
the drifting net.

First of all, we assumed that fish swam uniformly straight toward
the net from all directions, and assumed that fish were caught when they
touched the net. The maximum length of the net is set as L. Based on the
above assumptions, the minimum fishing efficiency is given when the net is a
straight line with the length of L, and the maximum fishing efficiency is
given when the net is a circle with the diameter of L. The difference between
these two cases is as follows:
1)

When the Net is a Straight Line with the Length of L

As shown in Fig. 2, the angle formed by the direction perpendicular
to the net and the swimming direction of a fish is set as 8, then the
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effective length of the net to a fish is given as Lcos8 (Fig.2).
effective length is calculated for all angles by the following:

J

1 2 1e
T1r O

I Lcos8 I d8

The average

1C
4LJ2
cos8 d8
T1r 0

=

1C

2 L [sin8] 2

=

1C

=

2)

0

~ L
1C

When the Net is a Circle with the Diameter of L

Since the effective length is Lin any direction,

J

2 1e Ld8 = L
l
T1r 0

therefore, efficiency is circle/straight line
= L /~ L
1C

1C

=

2

Therefore, the difference in fishing efficiency between the cases of
straight line and circle is calculated as 1: 1.6. When we ignore such a
small degree of the difference, the fishing efficiency is proportionate with
the maximum length of the net.
Based on this theory, hourly change in the percentage of maximum
length to the original length is shown in Fig. 3. This figure shows that the
fishing efficiency of the experimental drifting net decreased sharply and
exponentially with time, and that it decreased to 25 % after 150 hours of the
deployment and to 10 % after 250 hours. In addition, based on the experience
of the fishermen, the fishing efficiency was reported to decrease further
because mesh size reduced when the net length was shortened. Therefore, the
actual fishing efficiency may decrease further with time than shown in Fig. 3.
In addition, in 1990, we are conducting research to estimate the hours
necessary for the fishing efficiency to reach zero.
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3.

Comparison of Effort Between Lost Net and Operating Net Estimated by
the Experimental Drifting Net
1)

Hourly Change in the Maximum Length of the Drifting Net

Judging from Fig. 3, the maximum length of the experimental drifting
net decreased exponentially with time.
Here, the maximum length of the net at the time of (t) is set as
L(t),
L(t) = L0e- th

---------------------(1)

Where, L0 is the original length (length at the time of deployment),
and since this is shown by percentage in Fig. 3, Lo= 100. Tis a parameter
which represents the hourly change in the maximum length of the net, and this
value is calculated by the following:
The logarithm of both sides of the equation (1) is

-------------------(2)

ln L(t) = ln Lo - t/T

When we calculate T from equation (2) using linear regression, Lo= 100.
Therefore, T = 103.0 hours, and the standard error of Tis 5.5.
Hence, L(t) = lOOe-t/103
2)

Calculation of Effort

From equation (1), the maximum length of the net Lat time t i s

Assuming that the fishing power continues when t i s from Oto t 0 (t 0
is the time when the fishing power is 0), effort per drifting net is

f~

f~

0L ( t) d t = Lo

0 e -t/T d t

-t/T] to
= L0 [ - T e
0

= LoT (1 - e

When we set t 0

➔

-t,/T

)

oo, then
e -t,/T = 0

therefore, effort is L0T
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(T = 103)

And, when we set t 0 = 300, then

therefore, effort is L0T x 0.946.

Therefore, effort at time of oo is almost the same as that of 300
hours. To simplify, we set time as t 0 ➔ oo. The effort of the experimental
drifting net at this time is 103L0 km•hour (L0 is the original length (km)).
Since the average soaking time of the commercial gillnet is eight
hours, the effort of the experimental drifting net at time of t 0 ➔ oo is equal
thirteen 8 hour operations.
Here, the percentage of lost nets in one commercial operation is set
as 0.1 % and 0.01 % because no reliable data is available at the moment.
Effort of lost nets against effort of gillnets in operation is calculated as
follows:
In the case of 0.1 %:
In the case of 0.01 %:

13 x 0.001

=

13 x 0.0001

0.013

=

0.0013

Therefore, effort of lost nets is extremely small compared with that of the
gillnets in operation. In the future, we have to improve the accuracy of the
theoretical equations using data on change of configuration of a net which has
closer length to the actual drifting net, as is studied in this year's survey,
and to examine the results with data on lost net which are being collected by
the observers on board the commercial vessels this year.

Figs. 1 to 3 are in English in the Japanese
document.
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