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SHRIMP -BEHAVIOR STUDIES UNDERLYING THE
DEVELOPMENT OF THE ELECTRIC
SHRIMP-TRAWL SYSTEM

by

Edward F. Klima

ABSTRACT

Observation of how shrimp react to different amounts of electrical energy and rep-
etition rates of pulsating direct current in the laboratory and the field provided informa-
tion on the electric characteristics needed for an effective electric shrimp trawl.

The laboratory studies showed the electric threshold voltage of shrimp oriented at
different positions to the electrodes and the effect of different voltages on the shrimp’s
responses. Threshold voltages were affected by the animal’s position relative to the
electric field, and the shrimp’s reaction increased with an increase in voltage.

The field studies provided information on the electrical output needed to force bur-
rowed shrimp out of the substrate. Capacitor-discharge pulses of 4 per second with a
potential of 3.0 volts or more across 100 millimeters parallel to the electric field were
best for forcing shrimp out of the types of bottom on some of the commercial shrimp-
ing grounds in the Eastern Gulf of Mexico.
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INTRODUCTION

Commercial fishing for brown and pink
shrimp, Penaeus aztecus and P. duorarum, is
now restricted to trawling at night because
these species stay in their burrows during the
day. This restriction causes the fleet to re-
main idle during daylight, or roughly one-
half of the time. If shrimp could be caught
during the daytime, manpower, vessels, and
equipment could be used more efficiently.

Higman (1956) found that pulsating di-
rect current caused a pink shrimp to hop at
each pulse. A sharp vertical jump was caused
by an involuntary contraction of the shrimp’s
abdominal muscle. In laboratory studies,
Kessler (1965) found that shrimp could be
effectively stimulated with pulsating direct
current of low voltage. Because of the low-

energy drain of pulsating direct current in
sea water, as compared with that of alternating
current, the use of an electric trawl system
to harvest burrowed shrimp appeared possible.

Before a practical electric shrimp-trawl
system could be designed and developed, how-
ever, information was needed on the optimum
electric characteristics required to force shrimp
out of the substratum to a height suitable for
capture with trawls. The purpose of the
studies reported in this paper, therefore, was
to determine the optimum electrical require-
ments necessary for the development of an
electric shrimp-trawl system. To achieve
this purpose, 1 carried out two studies: one
in the laboratory; the other in the field.

I. LABORATORY STUDIES

The laboratory studies were concerned
with determining threshold voltages and the
effect of high- and low-voltage stimulation.

A. DETERMINING THRESHOLD
VOLTAGES

Kessler (1965) studied the minimum volt-
age necessary to produce a hopping response
in pink shrimp positioned parallel or perpen-
dicular to the electric field. His findings in-
dicated that threshold voltage varied according
to the temperature of the water, size of the
shrimp, width of the pulse, and position of
the experimental animal relative to the elec-
tric field.

1. Procedure

Experimental animals were caught by
trawling in St. Andrews Bay, Florida. The
trawl tows were about 10 minutes long to min-
imize injury to the shrimp. After capture,
the shrimp were held in tanks of circulating
sea water before being transported to the
laboratory. At the laboratory, they were held
in live cages for at least 24 hours prior to
experimentation to allow for detection and
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elimination of injured animals. Random sam-
ples of shrimp in ‘“good physical condition”
(that is, not injured; not obviously infected
with protozoan microsporidians; and not con-
fused or disoriented) were used in each ex-
periment. These animals ranged from 73 to
110 millimeters total length.

The laboratory studies were carried out in
190-liter plexiglass aquariums containing
water at 20° C. and at salinities ranging from
28 to 30 parts per thousand.

An electric system similar to that deseribed
by Kessler (1965) was used because this type
of system provided a uniform electric field
in the aquariums. This system has a capa-
citor-discharge stimulation pulse that can be
monitored from the center of the aquarium.
A pulse generator produced electric pulses
that were applied through two Monel-metal
electrodes’, 46 centimeters square by 1 milli-
meter thick, mounted at opposite ends of the
aquarium. Pulse characteristics were tested
by means of a pair of pickup probes made from
two 3-millimeter-diameter bronze rods, spaced
5 centimeters apart and insulated so that only

1 Trade names are mentioned merely to simplify the description
of the experimental equipment; no endorsement is implied.



the bottom 10 millimeters of each rod was ex-
posed. These pulse characteristics were dis-
played on an oscilloscope showing a graph of
voltage versus time.

To determine threshold voltages, I held the
shrimp immobile in a predetermined position
relative to the electric field. Each shrimp was
placed in a nylon-mesh tube in the center of
the aquarium, and the tube was positioned
at 0°, 15°, 30°, 45°, 60°, or 75° in relation to
the electrodes. The voltage was increased
slowly until the shrimp hopped. The voltage
at the time of the hop was called the threshold
voltage — it was read from the oscilloscope
and recorded.

2. Results

Figure 1 shows the relation between length
of shrimp at various angles of theta and lines
of equal potential or, in other words, the volt-
age drop across the length of the animal’s body
perpendicular to the equal potential surfaces.
These findings indicate a direct relation be-
tween threshold voltages or lines of equal po-
tential and positions of the shrimp in the elec-
tric field (Table 1). Slightly more voltage
is required to produce a response in shrimp
facing the negative electrode as compared with
that required to produce a response in shrimp
facing the positive electrode. This polarity
effect was observed for all angles of theta
tested.

Threshold voltages are lowest when shrimp
are parallel to the electric field (theta equals
zero) and are facing the positive electrode.
As the angle of the animal increases from
0° to 75°, the threshold voltage increases. Av-
erage response voltages for shrimp oriented at
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Figure 1.—Uniform electric field showing hashed lines
of equal potential surfaces, solid lines of
current flow, angle of theta, and the relation
between L length of an object at various
angles of theta and lines of equal potential
(V = voltage).

various angles to the field are up to four times
greater than are threshold voltages for shrimp
parallel to the field. Shrimp at 45° to the field
require only 1.4 times as much voltage to elicit
a hopping response as those parallel to the
field, whereas those at 75° to the field require
about four times as much voltage to be stim-
ulated. This relation can be expressed as:

threshold voltage at 0°
Threshold voltage at angle 6 = e e
cosine O

where 0° is an angle parallel to the electric
field and perpendicular to the electrodes.

The theoretical voltages for shrimp ori-
ented at angles of 0°, 15°, 30°, 45° 60°, and
75° were calculated by the above formula

Table 1.—Threshold voltage for pink shrimp

Data for shrimp facing positive electrode Data for shrimp facing negative electrode
Orientation = A -
of shrimp Shrimp Potential difference Shrimp Potential difference
in relation i : in e :
to electrodes sample Mean g:?ﬂ?;g Theoretical sample Mean de:?ation Theoretical
Degrees Number Voltage drop per 5 c¢m. sea water Number Voltage drop per 5 cm. sea water
0 30 0.16 0.04 0.16 20 0.20 0.04 0.29
15 30 0.17 0.04 0.17 20 0.31 0.05 0.30
30 30 0.18 0.04 0.18 20 0.35 0.06 0.33
45 30 0.23 0.06 0.23 20 0.42 0.09 0.41
60 30 0.34 0.09 0.32 20 0.60 0.13 0.58
75 30 0.56 0.15 0.61 19 0.96 0.24 1.12
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(Table 1). The agreement between the actual
and theoretical threshold voltages justified
acceptance of the above relation for the dif-
ferent positions tested.

This relation is identical to the physical
law of electricity (Brophy, 1966) that states
that the voltage drop between two points in
an electric field depends upon the distance be-
tween these points as measured along the lines
of current flow (Figure 1). In this instance,
the lines of current flow are perpendicular to
the electrodes. As the angle of the shrimp
relative to the lines of equal potential increases,
the voltage drop across the animal decreases
with the cosine of the angle, which implies that
electric stimulation occurs from one end of
the shrimp’s body to the other. We can, there-
fore, conclude that the voltage felt by shrimp
varies not only with its orientation but also
with its total length. Hence, as the length of
the animal increases, the amount of voltage
felt also increases, according to the following:

LcosO = A4V
where L. = total length of the animal and
AV = voltage drop across the animal.

B. DETERMINING EFFECT OF HIGH-
AND LOW-VOLTAGE
STIMULATION

Further laboratory studies were made to
ascertain how different voltages would affect
the reactions of shrimp.

1. Procedure

Experimental animals were caught and
handled in the same manner as was described

in the preceding experiment on the deter-
mination of threshold voltages.

To determine the effect of different volt-
ages on the hopping response of electrically
stimulated shrimp, I first applied the thresh-
old voltage and then applied 7.0 volts to each
experimental animal. The height each shrimp
jumped was measured with a ruler and re-
corded.

2. Results

This laboratory study to ascertain the effect
of voltage on the response of shrimp indicates
that the height jumped above the bottom is
greater when the shrimp are stimulated at 7.0
volts than when they are stimulated at the
threshold voltages (Table 2).

Table 2.—Relation between length of shrimp and their
response to electric potential

> Average height shrimp
Length of bhr:)mp jumped when stimulated at:
shrimp er‘n l
ple 0.16 volt 7 volts
Millimeters Number Centimeters Centimeters
70- 79 20 6.0 8.1
80- 89 45 89 12.2
90. 99 24 7.9 11.4
100-109 11 7.6 14.1
Total «ous oo 100 S A
____________ I WA 30065 . |
Average ....... S 7.9 1.4

Also a direct relation appears to exist be-
tween shrimp size and height jumped for ani-
mals stimulated with high voltage — the larger
the animal, the higher it jumps. At threshold
voltage, however, no such relation appears to
exist; the height jumped does not increase
with an increase in the length of the shrimp.

Il. FIELD STUDIES

In the field studies, which were to provide
the engineering staff at the Base with sufficient
data to enable them to design an electric
shrimp-trawl system, it was desirable to de-
termine the optimum electric stimulus neces-
sary to “deburrow” (to evacuate the burrow)
shrimp from the major kinds of bottom found
on commercial shrimp grounds in the Eastern
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Gulf of Mexico. These studies were divided
into two parts: The first determined the op-
timum pulse rate and voltage needed to force
brown and pink shrimps out of white sand.
The second evaluated the efficacy of the opti-
mum combination of electric characteristics
necessary for deburrowing shrimp from sub-
strata found on the Cape San Blas, Florida;



St. Andrews Bay, Florida; Dry Tortugas,
Florida, grounds; and fishing grounds of the
State of Mississippi.

A. RESPONSES OF ELECTRICALLY
STIMULATED SHRIMP
BURROWED IN SAND

Part A of the field studies was carried out
at Panama City, Florida.

1. Procedure

Shrimp used in the experiments were
caught with trawls towed for less than 10
minutes. The shrimp were measured, placed
in a tank of circulating sea water, and held
for at least 24 hours. Shrimp in “good phys-
ical condition,” ranging from 90 to 200 milli-
meters total length, were transferred from the
tank to a wire cage on the floor of the sea,
where they were held until needed.

SCUBA divers placed individual shrimp
in the bottomless cages in which the shrimp
could burrow into the sea bottom. The bur-
rowed shrimp were then covered with an elec-
trode array that was powered by a surface

pulse generator through a No. 14-gage wire
covered with neoprene. This generator pro-
vided pulses of the capacitor-discharge type.
The array had a pair of bronze electrodes,
10 centimeters long by 1.9 centimeters wide,
spaced 28 centimeters apart. Attached to the
electrodes was a timing-event light, which
came on simultaneously with the electric cur-
rent. A pair of adjustable pickup probes,
which were made of 3-millimeter-diameter
bronze rods insulated except for the center 10
millimeters of each, was located between the
electrodes. The probes were placed at the
head and tail of each animal to check the pulse
characteristics. Pulse rate, pulse width, and
voltage applied to the shrimp were displayed
on an oscilloscope on the vessel that was being
used. Because Kessler (1965) found that a
pulse width of 140-microseconds was satis-
factory for stimulating shrimp, this pulse
width was used in all the field experiments.
Pulse rate was held constant during each
experiment. Since the voltage for each shrimp
is a function of its length, each animal could
not be subjected to an exact predetermined
voltage. Thus, an average voltage is given
for each experimental group (Table 3).

Table 3.—Summary of experiments in which burrowed shrimp were stimulated electrically

Electrical stimulation data
Group Shrimp tested Locatlexgn of ;Ie‘é’ﬁ:)e‘;fl Electrode Average potential
toward which Pulse rate across shrimp's
shrimp faced body
No. No Species Pulses/sec. Volts
1 52 Pink Panama City Sand? + 3 0.7
2 55 Pink Panama City Sand —+ 3 38
3 54 Pink Panama City Sand + 4 5.8
4 50 Pink Panama City Sand + 5 3.2
S 49 Pink Panama City Sand + 4 3.2
6 50 Brown Panama City Sand — 4 5.2
7 47 Brown Panama City Sand = 4 33
8 64 Brown Panama City Sand — 6 3.7
9 21 Brown Panama City Sand - 3 09
10 59 Brown Panama City Sand = 4 1.1
11 34 Brown Panama City Sand = 5 1.1
12 27 Brown Panama City Sand + 5 1.1
13 48 Brown Panama City Sand - 6 0.9
14 52 Brown Panama City Sand + S 1.6
15 62 Brown Cape San Blas Sand? + 4 3.6
16 63 Brown Cape San Blas Sand?® 4+ 4 3.6
17 10 Brown Cape San Blas Sand? -+ 5 3.2
18 59 Brown St. Andrews Bay Silty sand + 4 3.6
19 24 Pink Dry Tortugas Sand + 3 4.4
20 20 Pink Dry Tortugas Sand + 3 0.8
21 89 Pink Dry Tortugas Sandy silt + £l 33
22 34 Pink Off the State of
Mississippi Sand-silt-clay - 4 3.3
1 98 percent sand and 2 percent silt and clay.
2 99 percent sand and 1 percent silt.
3 83 percent sand, 11 percent silt, and 6 percent clay.
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Owing to the difficulty in obtaining accurate
measurements under water, motion picture
photography was used to record the escape re-
actions of stimulated shrimp. A SCUBA diver
operated a hand-held 16-millimeter movie cam-
era in a watertight housing to record the action
(Figure 2 The timing-event light provided
the time base for each observation. When used
in combination with the motion-picture film

speed of 32 frames per second, the data
obtained by means of the timing-event light
permitted the escape reactions of stimulated
shrimp to be measured with an accuracy of
0.03 second. The checkered grid shown in Fig-
ure 2 was used for measuring the lateral and
vertical escape movements of the shrimp. Film
analyses of the escape sequences provided data
on the time required for shrimp to evacuate

Figure 2.—SCUBA diver filming electrically stimulated shrimp for time and motion studies.
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their burrows and jump to heights of 75, 150,
225, or 300 millimeters above the bottom.

Before the optimal stimulation pulse rates
and voltages for use with an electric trawl
could be determined, knowledge on specific
characteristics of the trawl design and per-
formance was needed. The width of the elec-
tric field at the center of the net opening, as
shown in Figure 3, and the speed at which the
net travels over the bottom will determine the
minimum time required to force shrimp out
of the substratum, whereas the height of the
footrope above the bottom will be the minimum
height the shrimp must jump to be captured
by the trawl. I anticipated that the electric
field of the prototype trawl would range in
width from 2.1 to 2.4 meters, at the center
of the trawl, and that the footrope would not
be higher than 75 millimeters above the bottom
when traveling at a speed of 4.6 kilometers
per hour. Between 1.66 and 1.90 seconds is
needed for a trawl with a 2.1- to 2.4-meter wide
electric field to pass a given point when travel-
ing at this speed. Thus, if shrimp could be
forced out and off the bottom to a height of
75 millimeters within 1.66 or 1.90 seconds,
they would probably be captured by the trawl.

To evaluate the effectiveness of the pulse
characteristics tested, I measured, by means
of film sequences, the reaction times for the
shrimp to deburrow and jump heights of 75
and 150 millimeters. 1 compared pulse char-
acteristics with the following responses: (1)
proportion of shrimp deburrowing; (2) pro-
portion of shrimp jumping heights of 75 and
150 millimeters, respectively, within 1.66 and
1.90 seconds; (3) average height shrimp
jumped within 1.90 seconds; and (4) rate at
which shrimp jumped a height of 75 milli-
meters.

Optimum pulse characteristics for shrimp
burrowed in sand were determined by combi-
nations of pulse rates and voltages inducing the
greatest percentage of shrimp to perform the
above-mentioned escape reactions in the short-
est time.

Also determined were the physical char-
acteristies of the various sea bottoms on which
the studies were made. Soil from various sub-

Figure 3.—Diagram of shrimp trawl rigged with the
electric system, showing terms used.

strata was sampled and analyzed for particle
size composition, by use of sieves and soil
hydrometers (Krumbein and Pettijohn, 1938).
The Wentworth scale of particle type and
Shepard’s (1954) sand-silt-clay terminology
were followed. Bottom salinities and temper-
atures were taken with a portable salinometer
at each station.

2. Results

Analysis of the escape reactions of the
study animals provided information on the
optimum electric characteristics necessary to
deburrow shrimp from a bottom classified as
sand (that is, 98-percent sand) near Panama
City (Table 3). The time-frequency distribu-
tions of specific escape reactions for Groups
1 to 14 in Tables 4, 5, and 6 yielded data on
the optimum pulse rate and voltage for forcing
brown and pink shrimps out of white sand.

The escape reactions of brown and pink
shrimps from a sand substratum were com-
pared to determine whether or not these spe-
cies behaved differently when stimulated elec-
trically. By the chi-square contingency test,
analyses were made of the proportion of an-
imals of each species that deburrowed within
1.66 seconds and the numbers of brown and
pink shrimps that jumped 75 millimeters high
within the same time limit. The results showed
that the responses of the two species were
essentially the same (Table 7). Therefore,
I concluded that the escape responses for these
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Table 4.—Time-frequency distribution of burrowed shrimp deburrowing when stimulated electrically

Shrimp that deburrowed in Group:
Response

Fme 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Seconds No No No. No No No. No. No. No. No. No. No No. No. No. No. No. No. No No No. No

0.00-0.28 1 4 3 4 3 11 4 11 1 4 1 2 4 5 17 3 1 53 1 o 82 21

0.31-0.59 5 8 23 11 12 16 6 23 1 10 4 2 5 6 37 10 . 4 5 . 5 11

0.62-0.90 9 8 7 23 16 I 14 15 5 18 10 S 4 9 6 16 2 1 4 1 . 2

0.94-1.22 5 10 12 6 1 7 7 5 6 9 3 3 6 9 | 7 1 == 2 3 e =

1.25-1.53 7 7 4 6 3 1 7 3 1 6 3 4 7 1 . 6 4 - 3 2 - iy

1.56-1.84 6 2 2 - 3 4 3 1 1 j 3 - 1 3 = 5 2 = 3 1 1 -

1.87-2.15 S 4 2 - | - 1 1 3 1 3 2 2 3 — 7 a= = 3 2 == ==

2.18-2.46 2 1 == - o . 3 1 . 1 - 3 3 3 . 5 - - 2 1 | oy

2.50-2.78 1 S == a= e = — 1 1 1 =z 3 2 1 == o s — - 3 - —_—

2.81-3.09 1 - - . . . . . - 1 . . 3 1 - - - - 1 2 == ==

3.12-3.40 . _— — - . e s — s o . 2 1 - o . - - e - - i}

3.43-3.71 - 1 e, e = == == - 1 2 1 — 3 == == = = == 25 1 == i

3.74-4.02 - . . - - . . — - . . . 1 . . . - . - . . =

4.06-4.34 2 1 - o = = = s - - — =z = 2 — = — = — = i e

4.37-4.65 e £ 1 - = - . . = o o o == == — — = - o = = =

4.68-4.96 - - . . . . . . o . . o . . . . . . - - . —

>4.96 1 1 = sm = == e 2 i - 1 . 2 1 == - — — <o — - -

Number responding ........ 45 52 54 50 49 50 45 63 20 56 29 26 44 44 6l 59 10 58 24 16 89 34

Number not responding .... 7 3 0 0 0 0 2 1 1 3 S 1 4 8 1 4 0 0 0 4 0 0

| L A e P cee R s s temeae oo o) R ) T B R n)| SIS ooy [PEORTLY oy e

Total shrimp ....... e vmm el 52 55 54 50 49 50 47 64 21 59 34 27 48 52 62 63 10 58 24 20 89 34
Percent responding within

1.66 seconds ......... .. 56 69 91 100 92 96 85 91 71 80 65 59 56 60 98 70 90 100 71 30 98 100
Percent responding within

1.90 seconds ........ ol 67 7 96 100 98 100 89 91 81 86 71 59 63 63 98 78 100 100 79 35 99 100

Table 5.—Time-frequency distribution of burrowed shrimp jumping 75 millimeters high when stimulated electrically

Reiponse Shrimp that jumped 75 millimeters in Group:

Hme 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22
Seconds No No No No. No No No No. No No No. No No. No No. No. No No. No. No. No. No.
0.00-0.28 1 2 2 2 2 7 2 10 1 2 - 1 3 3 10 2 1 43 1 I 71 12
0.31-0.59 3 6 23 & 10 19 6 18 | 8 2 2 3 7 40 5 e 14 3 . 17 15
0.62-0.90 8 7 5 25 1 11 9 17 2 12 9 | 2 7 9 16 1 1 4 1 S 6
0.94-1.22 3 9 10 7 10 6 12 7 2 15 2 3 3 6 - 10 2 i 2 2 @ =
1.25-1.53 4 6 7 5 7 2 7 2 1 4 4 5 3 2 | 5 3 e | 3 — —
1.56-1.84 2 5 3 1 3 3 5 e 4 § 2 — 3 S — 7 2 i 3 1 = 1
1.87-2.15 7 2 1 s 3 1 1 e | 4 1 1 2 6 ~pA S 1 s 6 2 1 s
2.18-2.46 4 1 e = = = 3 1 | | ot ! 3 - e 8 -- PR e 1 A i
2.50-2.78 1 1 pie -~ Pal: 1 2 A - 4 | e 2 3 s 1 - o 2 1 -y -
2.81-3.09 e 2 2 - o - = o 1 | — | P | o L =3 e e 1 . s
3.12-3.40 s e =1 = £ = L s | e = 1 2 . - - P = 1 A b
3.43-3.71 a4 e i & F i S . 1 1 - 1 2 ot s e e =25, g o [ e
3.74-4.02 1 1 i o o = el 1 RS . A S i A o o 2 - - Ty fie — g
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Table 5—Continued

Shrimp that jumper 75 millimeters in Group:
Response
time 1 2 3 4 5 6 7 8 9 THIEDEETE TR N R e e S et s
Seconds No. No. No. No. No. No. No. No. No. No. No No. No. No. No. No. No. No. No. No. No. No.
4.06-4.34 1 2 e - - — - - - - e - = b E = P X & 2t =t 55
4.37-4.65 1 A - = = < Y - s s . = = 1 £ £ iz = b 2 o4 ol
4.68-4.96 o - o - — o - - - - -- -- 1 -- -- -- -- - -- 1 -- -
>4.96 =5 2 1 ey o - - 1 s _— e = 1 e e = s G = - - e
Number responding ........ 3e 46 52 47 46 S0 45 57 18 53 22 17 29 38 60 59 10 58 23 14 89 34
Number not responding ..... 16 9 2 3 3 0 2 7 3 6 12 10 19 14 2 4 0 0 1 6 0 0
Total shrimp: <o voeonmense 52 55 54 50 49 50 47 64 21 59 34 27 48 52 62 63 10 58 24 20 89 34
Percent responding within
1.66 seconds . .:%oeuissai 38 60 87 94 86 92 79 84 52 71 50 44 3l 54 97 70 90 100 63 40 99 100
Percent responding within
1.90 ' seconds s s waien v v e 50 64 89 94 90 98 87 84 52 79 55 44 35 60 97 75 100 100 71 45 99 100
Table 6.—Time-frequency distribution of burrowed shrimp jumping 150 millimeters high when stimulated electrically
Response Shrimp that jumped 150 millimeters in Group:
eime 1 2 3 4 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Seconds No No. No. No. No. No. No. No. No. No. No. No. No. No. No. No. No. No. No. No. No. No.
0.00-0.28 - - _ 1 - 4 1 5 - - _ - 1 - 3 1 . 16 1 L 29 1N
0.31-0.59 1 1 15 2 8 12 S 14 _— 2 1 _— . 3 31 4 _— 21 2 e 23 19
0.62-0.90 1 6 6 13 1 10 3 10 1 7 = 2 4 1 7 3 1 5 2 = S 4
0.94-1.22 1 S 6 7 6 9 6 S 1 5 1 == == 5 5 4 1 2 3 1 2 3
1.25-1.53 o 5 5 2 6 3 6 1 1 5 3 s — 2 1 7 1 - 2 1 2 2
1.56-1.84 1 3 2 1 2 1 1 - == 1 o . 3 2 1 8 —_ o 3 2 =4 =
1.87-2.15 1 5 3 1 2 2 - _— 3 2 —— - - 4 _ 4 2 - 5 2 AL 1
2.18-2.46 4 s i - 1 o 2 — 2 4 1 = — - o 2 e = o — oy s
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Table 7.—Comparison between responses of brown and
pink shrimps when stimulated with more than
5 volts at 4 pulses per second

| Shrimp that
3 T e
Shs g | FEvauated burrow Jumped 75 mullimeters
rewpoT e | within | 66 secomds | high within | 66 seconds
3 —— —
| Pisk Brown Pink Brown
- - . = el
I Neo Ne No Ne
Respuomind | (] | 45 ! 47 4
Dhd net revpond § l : 7 | 4
: e o) Ugs . r ..........
Toeal shrimp | i l w | 4 30
: + CES| (R =y =
Cheaguare 1143 ‘ 0676
Diegree of (reedos | 1
Probabality 02010 i 0 30.0 25
Note There dats are from Groups § and 6 (Table 1)

two species were sufficiently similar so that
such information could be pooled.

A comparison was made of the escape re-
actions of shrimp burrowed in sand facing
either pole, because Kessler (1965) found that
threshold voltages for shrimp facing the anode
were different from those for shrimp facing
the cathode. Analysis by the chi-square con-
tingency test showed no significant difference
at the 5-percent level of probability in the
escape responses (Table 8). This finding

Table 8.—Comparison between responses of shrimp facing
positive or negative electrode when stimulated
with 1.1 volts at 5 pulses per second

U mullimetens

high withun | 66
vds when they

S——— | when they faced the | | the

faced
} - —_—ee
| | e | + e | clex -
| ale e | trode
. T t + =
Ve Ne | Ne | Ne
|
Ko e l 2 12 1?7
! respas I 12 1§ | 17
\
Fosl ihoiny » " A I T
| } |
P | 027 | 0186
ree ol lreedom | I |
ba - | 0Ti0%0 075050
These dats are from Geoups 11 and 12 (Table §)

permitted combining experimental groups
facing either electrode. The animal's position
relative to either pole was not considered
important in altering the behavior of the
experimental shrimp.

To facilitate analyses, | combined Groups
1l and 9. 3 and 6: 5 and 7; and 11, 12, and
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14 because of their similarity in the stimula-
tion pulse rates and voltages. Time-frequency
distributions of the three escape criteria for
these combined experimental groups are listed
in Table 9.

Analysis of the escape responses from the
first 14 groups indicates that pulse rate and
voltage affect the time required for shrimp
burrowed in white sand to deburrow and jump
heights of 75 and 150 millimeters. The per-
cent activity (that is the proportion of an-
imals deburrowing within 1.90 seconds) is
greater for groups exposed to high-voltage
stimulation (more than 3.0 volts) than for
those exposed to low-voltage stimulation (Fig-
ure 4). With high-voltage stimulation, activ-
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Figure 4.—Relation between pulse rate and percentage of

shrimp deburrowing from white sand within
1.90 seconds.

ity was highest at 5 pulses per second, slightly
less at 4 and 6 pulses per second, and lowest
at 3 pulres per second. With low-voltage stim-
ulation, the best pulse rate was 4 pulses per
second because activity was much more de-
pressed at repetition rates of 3, 5, and 6.

The proportion of shrimp jumping 75 milli-
meters high within 1.90 seconds indicates the
optimal characteristic to be high voltage at
4 or 5 pulses per second (Figure 5). The per-
cent activity was more than 80 percent for
these pulse characteristics but was less than
80 percent for other stimulation pulse rates
and voltages.

A similar relation can be seen for the pro-
portion of shrimp jumping 150 millimeters
high within 1.90 seconds (Figure 6). The



Table 9.—Time-frequency distribution of combined groups depicting rate of deburrowing and jumping 75 and 150

millimeters high

Shrimp that:
Response Deburrowed in: Jumped 75 millimeters in: Jumped 150 millimeters in:
time Groups . Groups . ~ B S Groups
Groups | Groups | Groups 12 Groups | Groups | Groups 1. 12 Groups | Groups | Groups b
1&9 [ 3&6 |s5&7 | 'L [0l 189 | 386 [s5&7 [1L ]2 1T&9 |3&6 [5a7 |!L12
& 14
Seconds No. No. No. No. No No. No. No. No. No No No
0.00-0.28 2 14 7 8 2 9 4 4 - 4 1 _
0.31-0.49 6 39 18 12 4 42 16 1 I 27 13 4
0.62-0.90 14 18 30 24 10 16 20 17 2 16 4 I
0.94-1.22 1 19 18 15 5 16 22 1 2 15 12 6
1.25-1.53 8 5 10 8 5 9 14 11 1 8 12 5
1.56-1.84 7 6 6 6 6 6 8 7 1 3 3 2
1.87-2.15 8 2 2 8 10 2 4 8 4 5 2 4
2.18-2.46 2 - 3 6 5 - 3 i 6 - 3 1
2.50-2.78 2 - - 4 1 1 - 1 - I - I
2.81-3.09 1 - - 1 1 - - 2 g - _ 1
3.12-3.40 - - - 2 1 - - I 2 - -
3.43-3.71 1 _ - 1 1 - _ 1 - - - -
3.74-4.02 — = = - I s - _ _ _ - -
4.06-4.34 2 - - 2 1 - - _ | - _ _
4.37-4.65 - 1 - _ I - - I _ - - _
4.68-4.96 - - - - = o - - - - - -
>4.96 1 - _ 2 - - - - . - - -
Number responding ........... 65 104 94 99 54 102 91 77 20 80 50 | B
Number not responding ........ 0 2 14 19 2 5 36 53 24 46 82
________________________________________ B T L e B TN S NP SIS S R,
Total Shrimp w5 < 2509 ¢ 5 smas s & 73 104 96 113 73 104 96 113 73 104 96 113
Percent responding within
1.66 Beconds .« scvessoaassse 60 93 89 61 42 89 82 50 8 69 45 9
Percent responding within
1.90 seconds +..vovveunnnn.n 71 98 94 65 51 93 86 55 10 69 46 9
100, e = —— o s : 3 —
| U ‘ characteristics is shown in Figures 7, 8, 9, and
- // - | 10. Percentage activity and the three escape
; | . . 5 s
so— s N | criteria show a curvilinear relation between
J4 Y Mo S cmn asvan ' the percent deburrowing and the percent
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duced at low-voltage stimulation.

The relation between percentage activity
and the three escape criteria for various pulse
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Figure 6.—Relation between pulse rate and percentage of

shrimp jumping 150 millimeters high within
1.90 seconds.
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Figure 7.—Percentage of shrimp deburrowing and jumping
heights of 75 and 150 millimeters within 1.90
seconds when stimulated with 3 pulses per
second at 0.8 and 3.8 volts. The average
height jumped within 1.90 seconds is shown
on the right side of the figure.
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Figure 8.—Percentage of shrimp deburrowing and jumping
heights of 75 and 150 millimeters within 1.90
seconds when stimulated with 4 pulses per
second at 1.1, 3.2, and 5.5 volts. The average
height jumped within 1.90 seconds is shown
on the right side of the figure.

jumped a height of 75 or 150 millimeters. Fur-
ther, the proportion is higher for those that
jumped 75 millimeters than for those that
jumped 150 millimeters. Comparison of the
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Figure 9.—Percentage of shrimp deburrowing and jumping
heights of 75 and 150 millimeters within 1.90
seconds when stimulated with 5 pulses per
second at 1.3 and 3.2 volts. The average
height jumped within 1.90 seconds is shown
on the right side of the figure.
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Figure 10.—Percentage of shrimp deburrowing and jump-
ing heights of 75 and 150 millimeters within
1.90 seconds when stimulated with 6 pulses
per second at 0.9 and 3.7 volts. The average
height jumped within 1.90 seconds is shown
on the right side of the figure.

curvilinzar relation between groups shows that
the overall activity increases with an increase
in voltage. This trend in activity is evident
generally for all the repetition rates tested.

As voltage increases, the average height of
the jump also increases (Figures 7, 8, 9, and
10). At 4 pulses per second and 1.1 volts, the
shrimp averaged a height of 132 millimeters,
whereas when stimulated with 3.2 and 5.5 volts,



they averaged heights of 152 and 206 milli-
meters, respectively.

Comparison of activity levels between pulse
rates shows the highest levels of activity for
the curvilinear graph at pulse rates between
4 and 6 (Figures 8, 9, and 10). Shrimp stim-
ulated with more than 3.0 volts at 5 pulses per
second have the highest activity level, whereas
those stimulated with high voltage at 4 and
6 pulses per second have similar activity levels.
At 5 and 6 pulses per second, at low voltage,
however, the level of activity is considerably
more depressed than is the level at 4 pulses
per second at a similar voltage. This obser-
vation indicates that the optimal pulse rate
for a given range of voltage would be 4 pulses
per second.
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Figure 11.—Reaction rate of shrimp jumping 75 milli-
meters high when stimulated with (a) 4 pulses
per second at 3.2 volts, (b) 4 pulses per sec-
ond at 5.5 volts, (c) 5 pulses per second at
3.2 volts, and (d) 6 pulses per second at
3.7 volts.

The rate at which shrimp jump 75 milli-
meters high (Figure 11) is remarkably sim-
ilar for animals stimulated with pulse rates of
4, 5, and 6 per second at high voltage. At
these pulse rates, the rate of reaction increases
exponentially from 0 to about 1.70 seconds;
thereafter, no appreciable change is noticeable.
At 4 pulses per second, shrimp stimulated at
more than 5.0 volts appear to have a slightly
faster rate than do those stimulated at 3.0
volts.

As voltage increases, the reaction time de-
creases. This relation is evident when the re-
actions of shrimp stimulated at low and high
voltages are compared within a range of pulse
rates. Figure 12 depicts the reaction rate at
low voltage at pulse rates of 4, 5, and 6 per

second. These reaction rates are slower than
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Figure 12.—Reaction rate of shrimp jumping 75 milli-
meters high when stimulated with 4, 5, and
6 pulses per second at 1.3 volts or less.

are those for similar groups exposed to high
voltage (Figure 11). Because the reaction
time is slower at less than 1.3 volts, the op-
timum voltage appears to be in excess of 3.0
volts.



B. RESPONSES OF ELECTRICALLY
STIMULATED SHRIMP BURROWED
IN SUBSTRATA FOUND IN
COMMERCIAL SHRIMP GROUNDS

Shrimp were tested in the substrata found
on Cape San Blas, St. Andrews Bay, Dry
Tortugas, and Mississippi shrimp grounds.

1. Cape San Blas Substrata

Two types of sediments were encountered
on the Cape San Blas shrimp grounds (Table
3). The first was similar to the sand found
off Panama City and contained about the same
proportion of sand (99 percent). The other
was also classified as sand, although it con-
tained 83 percent sand, 11 percent silt, and
6 percent clay.

The rate of the escape reactions of Group
15 stimulated from the latter substratum was
generally slower than was that of Group 16
stimulated from the pure sand substratum
(Figure 13). In Group 15, about 80 percent
of the shrimp jumped a height of 75 millimeters
within 0.59 second; over 94 percent attained
this height within 1.22 seconds. In Group 16,
however, 80 percent of the shrimp took 2.15
seconds to jump a height of 75 millimeters,
and 94 percent reached this height in 2.46
seconds.

75 mm  HIGH ipercen

JUMPING

SHRIMP

® * o ” ‘107 IME:(:;M:)JZ o o e !,’ o e
Figure 13.—Relation between reaction rate of shrimp
jumping 75 millimeters high and the two
bottom types found in the Cape San Blas
area (stimulation was 3.6 volts at 4 pulses
per second).
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The proportion of shrimp deburrowing and
jumping heights of 75 and 150 millimeters
within 1.90 seconds was much lower for Group
16 than for Group 15 (Figure 14). Figure 14
also shows that shrimp burrowed in pure
sand jumped slightly higher than those bur-
rowed in mixed sand.

HRIMP  (percent

JUMPED (mm

PROPORTION OF §
2 z
HEGHT

T DesuRROW T IUMP TO 75 men LMp TO 150 men
TIVITY WITHIN |90 SECONDS

AERAGE  HEGHT

Figure 14.—Comparison of activity level of shrimp bur-
rowed in the two bottom types found in the
Cape San Blas area (stimulation was 3.6 volts
at 4 pulses per second). The average height
jumped within 1.90 seconds is shown on the
right side of the figure.

These results indicated that the substratum
does affect the escape reactions of electrically
stimulated shrimp. Although some difference
was noted in the escape reaction of shrimp
from the two types of bottom, the pulse char-
acteristics tested appeared adequate for use
in an electric shrimp-trawl system.

2. Types of Substrata Other Than
Cape San Blas

The escape reactions were remarkably
alike for similarly stimulated shrimp burrowed
in silty sand, sand silt, and sand-silt-clay found
in St. Andrews Bay, offshore areas of the State
of Mississippi, and the Dry Tortugas, respec-
tively. Figures 15 and 16 shows the similarity
in escape reactions among Groups 18, 21, and
22 burrowed in three different types of bottom.
The curves showing the proportion of shrimp
deburrowing and jumping heights of 75 and
150 millimeters within 1.90 seconds are very
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Figure 15.—Comparison of activity level of shrimp bur-
rowed in substrata found in St. Andrews Bay,
off Dry Tortugas, and off Mississippi (stim-
ulation was 3.3 to 3.6 volts at 4 pulses per
second). The average height jumped within
1.90 seconds is shown on the right side of
the figure.

similar (Figure 15). In addition, the groups
differ but little in the average height jumped.

Rates of jumping 75 millimeters high
among the three groups indicate that the escape
rate was slightly slower for shrimp stimulated
from a sand-silt-clay bottom than for those
stimulated from the two other types of sed-
iments. More than 96 percent of the shrimp
in each of the three groups jumped 75 milli-
meters high within 0.90 second.

The reaction rates of shrimp stimulated
from substrata on the shrimp grounds were
faster than those of shrimp stimulated from
the substrata off Cape San Blas and Panama
City. These high levels of activity and the
rapid rates of reaction indicate that an elec-

SHRIMP JUMPING 75 mm. HIGH Ipercent)

tric stimulus with pulse characteristics of 4
pulses per second and more than 3.0 volts was
optimum for the substrata tested.

The optimum pulse characteristics for stim-
ulating shrimp from a sand substratum were
also effective on commercial shrimp grounds
in the Eastern Gulf of Mexico. Groups 15
to 22 provided information on the efficacy of
these pulse characteristics for various sub-
strata. The shrimp exhibited no great differ-
ence in the rate of escape from the different
types of substratum found on the commercial
shrimp grounds. The shrimp burrowed in the
mud bottom substrata on the shrimp grounds
generally had more rapid escape reactions than
those burrowed in the sand substratum off
Panama City.
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Figure 16.—Relation between reaction rate of jumping 75
millimeters high and substrata found in St.
Andrews Bay, off Dry Tortugas, and off
Mississippi.

SUMMARY AND CONCLUSIONS

Laboratory studies showed that the voltage
to which a shrimp was subjected was a fune-
tion of its orientation in relation to the elec-
tric field as well as the size of the shrimp.
This relation was described as Lcos 6 = AV,

The height the animal jumped was a function
of the voltage applied. As the stimulation
voltage increased, the height to which the

shrimp jumped also increased.
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Field studies indicated that shrimp bur-
rowed in sand were most effectively forced
from the substratum with a voltage greater
than 3.0 volts at pulse rates of 4 or 5 per sec-
ond. When these voltages and pulse rates were
used, the reaction rates were faster, and a
larger proportion of the shrimp jumped heights
of 75 and 150 millimeters above the bottom
within 1.90 seconds.

Bottom type affected the escape reactions
of similarly stimulated shrimp. Generally,
shrimp escaped from mixtures of sand, silt,
and clay faster than they did from sand.
Shrimp jumped higher from substrata found
off Mississippi, Dry Tortugas, Cape San Blas,
and in St. Andrews Bay than they did from
the sand found off Panama City. At 3.0 volts
and 4 pulses per second, 100 percent of the
shrimp burrowed in mixtures of sand, silt, and
c'ay jumped 75 millimeters high within 1.90
seconds, whereas between 78 and 98 percent
of the shrimp burrowed in substrata classified
as sand jumped 75 millimeters high within 1.90
seconds.

Pulse characteristics of either 4 or 5 pulses
per second, at more than 3.0 volts across 100
millimeters parallel to the field, appear to be
satisfactory for use in an electric shrimp-trawl
system. These pulse chracteristics caused the
greatest percentage of burrowed shrimp, in
the substrata tested, to jump 75 millimeters
high within the time a trawl would take to
cover the distance from the front of a 2.4-
meter wide electric field to the footrope.

However, the optimum stimulation voltage
appears to be greater than 3.0 volts because

a greater percentage of shrimp responded at
voltages in excess of 3.0 as compared with
those that responded at lower voltages. (Lim-
itations in the pulse generator used in the field
studies, however, prevented my testing higher
stimulation voltages.)

Application of slightly more voltage could
likely increase the average height jumped and
decrease the reaction time for brown and pink
shrimps. The minimum stimulation voltage
should not be less than 3.0 volts, across 100
millimeters parallel to the electric field, for
effective utilization of an electric shrimp trawl.
Two to three times this minimum value would
be preferable because the electric force felt
by the shrimp is related to its size as well as
to its position relative to the anode and cathode
(L cos © = A V). Fuss and Ogren (1966)
showed that orientation of burrowed shrimp
appeared generally to be random. Conse-
quently an electric trawl would encounter
shrimp positioned at varying angles relative
to the electric field. A minimum 3.0 volts
across 100 millimeters in the electric field of a
trawl would mean that a 100-millimeter shrimp
positioned perpendicular to the electrodes
would receive 3.0 volts, positioned at 45° would
receive 2.1 volts, and at 75° would receive only
0.6 volt. If the minimum voltages were raised
to 9.0 volts across 100 millimeters parallel to
the field, a 100-millimeter shrimp positioned
at 45° would receive 6.4 volts, and those at
75° would receive 2.3 volts. As the size of
the shrimp increases, the voltage it received
would also increase. I believe that an increase
to 9.0 volts in the electric field would cause
the shrimp to jump higher and to jump to a
height of 75 millimeters faster.
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DESIGNING AN IMPROVED
CALIFORNIA TUNA PURSE SEINE

by

M’nakhem Ben Yami and Roger E. Green

In the Eastern Tropical Pacific Ocean, about 50 percent of the purse seine sets for
tuna are unsuccessful, owing mostly to the fish’s escaping the net during setting and
pursing operations. Described here is the design of a proposed purse seine that will largely
retain the desirable features of the presently used seine but that will sink faster and
use the webbing with greater economy. In comparative tests with scale models (1:25),
the model built according to the proposed design sank nearly three times as fast as
did the model of the presently used seine.
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INTRODUCTION

Purse seining is one of the most aggressive
methods of fishing. It aims mostly at catching
mobile, dense schools of pelagic fish and con-
tains all the elements of searching, hunting
down, and capture. Its instrument of capture,
the purse seine, is a large encircling net with
a closable bottom.

The last decade witnessed a great expan-
sion of purse seining both in old and new fish-
eries. In the United States, purse seines now
capture most of the tuna landed (McNeely,
1961); in Iceland and Norway, purse seines
capture huge amounts of herring (Jakobsson,
1964), capelin, and mackerel. Purse seines
also catch mammoth quantities of anchovetas
off the west coast of South America and pil-
chards off South West Africa.

The world over, purse seines catch fish that
-ange from diminutive anchovies and sprats
to huge bluefin and yellowfin tunas. Purse
seines take about one half of the world’s over
50 million metrie tons whole fish. In the United
States alone, about 1 million metric tons of
fish worth about 77 million dollars were caught
with purse seines in 1965 (Table 1).

Despite the growing importance of purse
seining, researchers have made little attempt
to improve the basic means of capture —
namely, the purse seine. In this respect, purse
seining lags far behind trawling, for which the
techniques and the design of gear have been
thoroughly studied in many countries during
the last decade.

About 50 percent of the purse seine sets
for tuna are unsuccessful in the Eastern Trop-

ical Pacific Ocean, owing mostly to the escape
of fish from the net during setting and pursing
operations (Schaefer, 1962). The proportion
of unsuccessful sets increases with the depth
of thermocline' (Green, 1967). If tuna purse
seines could sink faster to fish deeper, the
efficiency of fishing probably could be in-
creased. Only a 10-percent improvement in
the rate of success would reduce operating
costs for the U. S. tuna fleet to maintain the
same catch by more than 1 million dollars
annually (Green and Broadhead, 1966).

Another problem of research on purse
seines is that of reducing the amount of netting
without impairing the catching ability of the
net. The price of a tuna purse seine ranges
from $50,000 to $70,000. Most of this cost
is in the webbing.

Comparison of sinking rates of California
and Norwegian tuna purse seines (Green,
1964; Hamre, 1963) and of an anchovy purse
seine in Peru (Kristjonsson, private commu-
nication) revealed great variations in the per-
formances of purse seines of different con-
struction. Thus, the performance of a seine
can vary markedly, depending upon its de-
sign. The purpose of this paper is to report
on a proposed improved California tuna purse
seine, the design of which was based both on
theoretical considerations and on observation
and study of numerous other purse seines from
several countries. Our principal aims in the
design of this new version of the California

1 The relatively sharp temperature gradient separating the layer
of warmer water above from the colder water below.

Table 1.—U. S. landings of fish in 1965, by fishing method

Catch
L = Fishing Value of
:::‘}:25 Amount Value units catch per
Weigh Amount relative Money value Value relative operating fishing unit
eigat to total amount of catch to total value
Metric tons Percent Percent Number Dollars
Purse seining 996,830 46.0 76,545,000 17.2 2,034 37,633
Trawling 543,483 25.1 137,844,000 309 13,678 10,078
Other methods 626,427 28.9 231,150,000 519 1 1
Total 2,166,740 100.0 445,539,000 100.0 - —

1 Not applicable because of noncomparability of *‘other methods.”

Source: Lyles, 1967.
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tuna purse seine was to improve its sinking
and pursing performance using a minimum of
webbing.

After we had completed our design of the
proposed improved purse seine, we would have
liked to have built one immediately so as to
test it out. Experimenting with a full-size

I. MODEL

A. CONSTRUCTION OF MODELS
1. Modeling Rules Followed

As was just indicated, the experimental
phase of the present study consisted of testing,
underwater, a large model of a purse seine
in use and comparing its behavior with that
of an improved version of the same model.
This experimental approach was based on the
assumption that if different nets are scaled
down in a uniform manner, the main differ-
ences in performance between the models also
will hold in the performance of the full-scale
nets.

In scaling down the original net, we fol-
lowed the modeling rules of Dickson (1959)
as closely as practicable within the limitations
imposed by the materials available. Our sug-
gested full-scale version of the improved model,
reported elsewhere in this paper, was designed
along the same modeling rules. In ascertain-
ing the hydrodynamic rules applicable to scal-
ing down fishing nets and in constructing the
model nets, we consulted Baranov (1948),
Dickson (1959), Fridman (1964a), and
Kawakami (1959, 1964).

2. Descriptions of Model Purse Seines

a. Model .—Model I was a model of the
California tuna purse seine (McNeely, 1961;
FAO, 1965a) scaled down at a ratio of 1:25.
The details of its construction are given in
Figure 1 and Table 2.

b. Model Il.—After we had measured Model
I and observed its action, we took it apart and
constructed Model II, from about the same

purse seine, however, is inordinately expensive.
We therefore had to do our testing with scale
models rather than with full-size seines. In
the following report of our work, we deseribe
first our studies with the models and then
apply the results of the model studies and
theoretical considerations to the design of a
new version of the California tuna purse seine.

STUDY

I. Model study
A. Construction of models
1. Modeling rules followed
2. Descriptions of the model
purse seine
a. Model 1
b. Model II
3. Comparisons of constructions
of models

B. Use of models as aids in design

amount of netting and auxiliaries. The new
net, Model II, is symmetrical and is deeper
in the central half than in the side quarters.
Its wings were baited — 4 strips to 3; 3 strips
to 2; 2 strips to 1, respectively, from the center
toward the sides. The tips are tapered by di-
agonal taper (bar cut) of the lower corners.
The wing tips end in gavels (vertical lines at
the net ends, which can be pursed separately)
instead of the corkline, leadline, and all the
webbing between being gathered onto single
end rings as usual. Figure 2 and Table 3 give
the details of the construction of Model II.

3. Comparison of Constructions of
Models

In the comparison of the models, we must
remember that both were intended to simulate
purse seines made of horizontal strips. The
seven horizontal strips of body netting in the
California tuna purse seine were simulated in
Model I by a single panel, 220 meshes deep.
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Figure 1.—Model I — construction diagram (see Table 2).
Table 2.—Specifications for Model I (see Figure 1)
P gu
Data on webbing
Webbing " ,
sections M ial Twine size Mesh size Length Depth Hanging coeffi-
ivlateria Tex Amierican (stretched mesh) (stretched) (stretched) cients (kp)
Mm. Inches Meters Meshes Cm. Meshes
A Marlon 175 2 13.7 0.54 344 301 220 —;— = 09
B Marlon 400 6 25.4 1 34.4 38 15 % = 1.0
" b
C Marlon 400 6 254 1 7 25 B = 09
i - Data on lines and bridles
Items -
Material Diameter Length
Millimeters Meters
a (corkling) «..cvevees Braided nylon 5.5 31
b (leadline) .......... Galvanized chain 2.7 (wire) 31
(36 links per meter chain)
¢ (purse line) ......... Braided nylon 5.5 31
d (bridles) <uciscemaia Nylon parachute cord 4 (See Figure 1)
o - bala on ﬁoat?rbjaiclv;s,:nd rings -
Items
Material Shape Diameter
Mm. Inches
I {Hoats) woiss s swummmrs s Expanded polystyrene Spherical 50.8 2
2 (end brackets) ....... Galvanized iron Ring 50.8 2
J (purse rings) ........ Galvanized iron Ring 36.0 1.4
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This use of a single panel in place of seven
should be satisfactory, since there is no hor-
izontal takeup between the seven strips in
the full-size net. The eighth strip, the lower
guarding or selvage, as well as the end-pieces,
gathered at the rings, were simulated in both
models by a 15-mesh strip of heavier, larger
mesh webbing. The upper, narrow selvage
was not incorporated in the model seines; nor
was the thicker netting used in the bunts of
the full-size net incorporated in the models, the
main netting being uniform all along the seine.
We felt that the effects of the selvage strip and
bunts on sinking rate and other performance
criteria would not be marked and that they
accordingly could be neglected.

In Model II, the three top strips were of
equal length and therefore presented one sheet
of netting 126 meshes deep. The lengths of
the remaining four bottom strips varied, and
we used different hanging coefficients® when
we laced them together (Table 2).

The amount of webbing used in each model
was the same: 104 square meters, fictitious
area (stretched length times stretched depth,
summed over all net panels).

One of the main features of Model 11 was
the hanging coefficient between the horizontal
strips, which increased downwards, starting
with the fourth strip (between D and I, Figure
2) so that each strip was shorter than the
next higher one. Thus, although the hanging

2 Hanging coefficient (kp): ratio of stretched lengths of adjacent
sections of webbing or ratio of length of line to stretched length of
adjacent webbing (Baranov, 1948; Ben-Yami, 1959; Lusyne, 1959).

coefficient at the corkline was 0.70 and that
at the chain was 0.90, the corkline and the
chain had practically equal lengths. The
reasons for this design and the difference in
the performance achieved are discussed in de-
tail later in this report.

B. USE OF MODELS AS AIDS
IN DESIGN

In this section we give the methods we used
in observing the performance of the seine
models and then discuss how their perform-
ances compared.

1. Methods of Observing Depths, Sink-
ing Rates, and Net Configuration

The working depths and the sinking speeds
of the models were measured by the use of
colored, spherical, plastic floats attached to the
leadline with sections of nylon twine. Each
float was ballasted so that it sank easily when
the depth of the leadline exceeded the length
of the twine attached to the float. For meas-
uring the working depth of the leadline, a
number of floats, each with a twine slightly
longer than that of the preceding one, were
attached to the leadline along a relatively short
section of midnet. The working depth was
estimated to be the mean of the depth of the
last float that submerged and the adjacent one
that did not sink. Depths in the wings were
determined with weighted strings attached to
the corkline. A diver marked the strings at
the leadline and measured the distances from
the corkline to the marks.
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Figure 2.—Model II—construction diagram (see Table 3).



Table 3.—Spectfications for Model II (see Figure 2)

Data on webbing
Webbing Twine size Hanging coeffi-
sectnnd Material Stretched mesh (sl;:enlilh*:‘]) (sng:::d) cients (kh)?
Tex American (top edge/bottom edge)
Mm. Inches Cm. Cm.
184 160 Rall i 56
A Marlon 175 2 13.7 0.54 104 0 08
!y
B Marlon 175 2 13.7 0.54 150 172 0.8
990 172 0.7
C Marlon 175 2 13.7 0.54 495 129 1.0
0.7
D Marlon 175 2 13.7 0.54 1700 172 0.935
1.0
E Marlon 175 2 13.7 0.54 495 43 0.9
=)~
F Marlon 175 2 13.7 0.54 445 43 0.91
(=)
G Marlon 175 2 13.7 0.54 445 43 0.9
(=)
H Marlon 175 2 13.7 0.54 400 43 0.91
(=)
I Marlon 175 2 13.7 0.54 1590 43 0.935
=0,
J Marlon 175 2 137 0.54 1490 43 0.935
(=)
K Marlon 175 2 13.7 0.54 1390 43 0.95
0.7
L Marlon 400 6 25.4 1.0 38 80 1.0
161 0.7
M Marlon 400 6 25.4 1.0 38 237 0.7
(=)
N Marlon 400 6 254 1.0 204 38 09
(=)
0 Marlon 400 6 254 1.0 770 38 0.9
(—)
P Marlon 400 6 254 1.0 1320 38 0.9
- - - - 7liailaioniliinres 7and bridles
Items —
Material Diameter Length
- Millimeters Meters
a (corkline) ........... Braided nylon 5.5 31
b (leadline) ........o0e Galvanized chain 2.7 (wire) (36 links per meter of chain) 338
(purse line) .......... Braided nylon 5.5 >33.8
d (bridles) . ...iuev... Nylon parachute cord 4 (See Figure 1)
. . Data on floats, brackets, and rings
Items
Material Shape Diameter
Mm. Inches
I (BoBte) uosisswvonmins Expanded polystyrene Spherical 50.8 2
2 (end brackets) ........ Galvanized iron Ring 50.8 2
i (purse rngs) . ... ... Galvanized iron Ring 36.0 1.438
! Double entries indicate top edge/bottom edge
2 Double entries indicate left edge/right edge
3k “)":r—:';’i“:':%' . it is specified only where the length of an edge represents the denominator of the respective kp.
¢ ( ) denotes that the edge concerned is laced to another, longer section at a kp specified for respective edge of the latter. Thus: the top edge of

F, denoted (—), 15 laced to the lower edge of E at kj =-'}'+—- 0.9 (see E - bottom edge and Figure 2).
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An outboard skiff and a rowboat were used
on a lake in the measurement of the sinking
speed and working depths. The model net was
stacked on a net-board described by Hunter,
Aasted, and Mitchell (1966). A drogue-chute
(small parachute) attached to a buoy served
to create the necessary drag to aid in pulling
the net off from the net-board at the start of
the set. Because of the difficulty of setting a
closed circle with a net of this small size, we
made each set in a semicircle.

We measured the speed of sinking by at-
taching three floats to the leadline, with lengths
of twine slightly less than the working depth
(190-195 centimeters). As the net was set,
three observers with stop watches recorded the
time intervals between entry of each float in
the water and the submergence of that float.

Divers observed the performance and con-
figuration of the model net during setting and
pursing. They also observed the net when
it was pursed in a large swimming pool. The
high transparency of the water in the pool
permitted them to make detailed visual ob-
servations as well as to take motion and still
pictures both from above the surface of the
water and underwater.

2. Comparisons of Performances

In our studies, we compared Model I not
only with Model II but also with the full-size
commercial seine to see how faithfully Model

I simulated the full-size seine that it was
supposed to represent.

a. Comparison of the performances of Mod-

el | and the full - size commercial seine. —
Sinking rates and depths of the full-size purse

seine were determined from BKG (bathyky-
mograph) data (Hester, 1961; Hester, Aasted,
and Gilkey, 1963). These data were obtained
on cruises aboard the purse seiners Westpoint
and Conte Bianco, 1961 and 1966,

The sinking performance of the full-scale
tuna purse seine and of its scaled-down coun-
terpart, Model I, are illustrated in Figure 3.
The time and depth rates for the model are
superimposed on the time and depth scale for
the full-size seine. The model depth scale is
25:1, and the time scale is 5:1 in accord with
net modeling rules (Dickson, 1959).

The model was not ideal. Its leadline sank
too fast for exact simulation of the sinking
speed of the original seine, and the model fished
slightly deeper than did the original. These
differences were due to the excess weight of
the chain on the model. Nevertheless, the
sinking performances of the original and the
model were otherwise closely similar.

If the leadline were lighter and the lead-
line kept close to the maximum working depth,
however, the allowable maximum pursing
speed of the model would decrease. This de-
crease may be seen from Figure 5, where if
the magnitude of Vector P is increased or

SINKING TIME OF MODEL I (sec)

O 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216
] 1 ] 1 1 1 ] 1 I I 1 1 1
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Figure 3.—Comparison of sinking performances at center net of full-scale purse seine and Model 1.
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Vector W decreased, the effect would be to
elevate the direction of Resultant M.

The pursing time for a purse seine 775
to 800 meters long was 12 to 22 minutes from
the start of pursing until the moment when
the bunched purse rings started to rise. The
variation depended upon the conditions of the
set. On the assumption that Model 1 approxi-
mated the conditions stated for a 25:1 model
of a fishing net (Dickson, 1959), the pursing
time of the model, tmod, should relate to the
pursing time of the full-scale net, tf, as fol-
lows:"

t
tmod = t (1)
Sm

where: Sp, is the model scale or, in this par-
ticular case, 25.

The pursing times of the model were,
therefore, kept within the range of 2.4 to 4.4
minutes to simulate the pursing operation of
a full-scale net 25 times its size.

3 The same formula may be applied to the sinking time and, with
the substitution of t by v, to the setting speed of the seiner

The ideal weight of the model chain would

be 1:253, or of the original ballast

15,625

(Dickson, 1959). In Model I, the weight of

the chain and the ring was 831?5 of that of the

full-size net ballast.

Neither the pursing performance nor the
sinking speed of Model I can, therefore, rep-
resent exactly the full-size net performance,
but they can be used as a basis for comparison
with Model II. If our aim had been to create
a model that would faithfully simulate the ori-
ginal in all respects, we could have made ad-
ditional tests with lighter leadlines, until the
sinking time for the model was correct.

b. Comparison of performances of Model |
and Model Il. — In comparing the two mod-
els, we investigated sinking rate, pursing time,
and net shape.

(1) Sinking rate.—Figure 4 shows
the times required for the two models to sink
to 190-195 centimeters. The faster sinking of
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Figure 4.—Sinking time of models.
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Model IT is obvious: the median sinking time
for all observations of Model I was 32 seconds;
that for Model II, 12 seconds.

Comparing standard deviations of the sink-
ing times of the two models is instructive.
Standard deviations — as estimated from the
ranges (Tate and Clelland, 1957, page 12) at
rings 20, 30, and 40 — were 9.7, 9.7, and 32.4
seconds with Model I and 2.1, 3.2, and 2.4
seconds with Model II. The most obvious
reason for this dissimilarity is the different
hanging coefficients of the two nets. The large
hanging coefficient of Model I makes its work-
ing depth much more sensitive to horizontal
strains on the end of the net at the completion
of the set. The net had to be shortened by
loosening and bunching at the corks to reach
depths exceeding 150 centimeters in Model I
and 215 centimeters in Model II.* It is also
reasonable to expect that the working depth
would be more sensitive at Ring Number 40
than at the other locations in this respect be-
cause it was nearer to the skiff end. Another
factor contributing to the depth variations in
Model I was the common attachment points
for leadline and corkline at each end of the
net. This commonality of attachment resulted
in an upward force component being trans-
mitted to the leadline through a horizontal
force at the ends. When each measurement
of sinking time was ended, we observed that
the submerged floats of Model I would bob
to the surface, beginning at Ring Number 40,
at the start of net hauling, whereas with Model
II, a considerable amount of webbing was
pulled aboard before any floats reappeared.

Although the setting time was varied from
15 to 103 seconds, the setting speed was not re-
lated to the sinking time in either model. Nor
was such a relation found for the full-sized
purse seine. We concluded that variations in
setting speed have little or no effect on how
tightly the net is set.

(2) Pursing time.—The maximum
working depth was maintained by Model II

4 These are the designed depths of the two models. Designed
depth depends solely on hanging coefficient and is the maximum
depth attainable before mesh deformation and consequent horizontal
shortening (puckering) allow the net to sink deeper. Working depth
(DW) is usually more than the designed depth, depending on such
factors as sinking time, net construction, and horizontal ?orces.

during all pursing stages when pursing took
214 minutes or longer. When Model II was
pursed faster — that is, in 1145 minutes —
the leadline tended to rise.

Figure 5A and B show estimated vector
analyses, drawn on tracings of underwater
photographs of Model II, at two different

B " |

Figure 5.—Pursing forces acting on leadline of Model II:
(A) at start of pursing and (B) near com-
pletion of pursing. Symbols: O = point
of leadline at which forces act. Force vectors:
P = pull in purse line, RN = pull in net-
ting, R, = water resistance on leadline, W =
force of gravity. Resultants: RR = re
sultant of RN, R[, and W, M = resultant
of all forces.
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stages in pursing. These analyses indicate
the forces that acted upon the leadline. The
upward motion of the leadline was caused by
the pull in the purse line and was opposed
by the combined effect of ballast, net resistance,
and leadline drag.

Model I (for which no vector analyses
were made) achieved its maximum working
depth only at the end of the pursing operation
— that is, when the corkline was bunched to
a considerable extent. The leadline, however,
tended less to rise with exaggerated pursing
speed.

(3) Net shape—The wing shapes of
the two models differed markedly (Figure 6).
The wing ends of Model II quickly reached
their maximum working depth — that is, they
reached at least 71 percent of their stretch
depth and remained at this depth notwith-
standing the pursing operation. The wings of
Model I were canoe-shaped when under tension
because their shortest components, the chain
and the corkline, had almost the same length,
so the netting overhung between them (Fig-
ure 7). When the three end purse rings at
each wing of Model I were released from the
purse line, the wing tips fished deeper, thus
decreasing the size of the “escape gate.” Nev-
ertheless, the wing tips of Model 1I provided
the smaller gate.

Figure 8 shows schematically the approx-
imate shapes and areas of half the model’s
netting in a two-dimensional plane at three
different stages in the sets. Under actual con-
ditions, particularly under pursing tension,
the working depth (Dyw) is generally not
vertical but is measured along the concavity
of the scooping net wall.

The shape of Model I changed much more
rapidly during the set than did that of Model
II. The working length (Lw), the actual
length of the net in the water, of Model I
decreased rapidly, whereas the working depth
(Dw) increased. Model I reached the work-
ing depth of Model II only in the final stages
of the pursing operation and at the cost of an
extensive reduction in the area enclosed by
the net. The Ly, or circumference, of each
model is plotted against Dy in Figure 9.

During pursing, both models gradually ac-
quired a bowl shape, which turned more and
more cuplike towards the final stages of
pursing. The leadlines moved in a scooping
motion following the bridles and the purse
lines. The cupping and scooping actions were
more pronounced with Model II (Figures 10,
11, and 12), where the central half of the seine,
being deeper than both side quarters, was more
concave (Figure 5B) than were the latter
sections. During pursing of both models, the

Figure 6.—Wing ends of both models (traced from projected photo transparencies): (A) Model I and (B) Model II.
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Figure 7.—Top view of wing ends of Model I (traced from projected photo transparency).

netting wall scooped under toward the center
of the enclosed area, and the central section
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Figure 8.—Approximate shape of one-half the netting of
Models I and II at three stages during set:
(1) just after completion of circle, (2) just
after start of pursing, and (3) pursing one-
third completed.

of the seine gathered in heavier folds than did
the rest of the seine.

The enclosed area was much more elongated
in Model IT (Figures 10 and 11) than in Model
I. This elongation was due to the increased
drag of the central part of Model II resulting
from its tapered design (Baranov, 194R8).
Elongation was exaggerated in both models be-
cause we pursed from a stationary point instead
of a boat or float which would have been drawn
toward the center of the net during pursing.
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Figure 9.—Relation between working length (LYyy) and
working depth (DW) of each model.
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Figure 10.—Successive net configurations assumed by Model II during pursing. (Elongate form assumed as pursing
progresses is due to pursing from stationary edge of pool. In practice, drawing of the purse seiner to-
ward center of net during pursing, gives a more circular shape.)

Figure 11.—%“Cuplike” configuration
in final stage of pursing
Model II.




Figure 12.—Scooping action of Model II’s leadline (traced from projected photo transparency).

Il. NEW DESIGN SUGGESTED BY MODEL STUDY

Having obtained a picture of the compar-
ative design of Models II and I and having
seen how the performance compares with that
of the full-size commercial seine in present use
and how that of Model II, in turn, compares
with that of Model I, we turn now to a de-
tailed consideration of the proposed full-size
improved seine. In so doing, we consider first
the essential elements of purse seine design
and then the main features of our hybrid purse
seine, which incorporates certain desirable
features from a number of other seines.

A. ESSENTIAL ELEMENTS OF PURSE
SEINE DESIGN

What are the general requirements related
to school behavior? We asked this question
and then looked into a number of other im-
portant factors — principally, variations in
purse seine design, effect of design variations
on performance of tuna purse seine models,
sinking speed, and pursing.

1. General Requirements Related
to School Behavior

To capture a school of fish, a purse seine
has_to provide for the following three con-
ditions:

. The school must be encircled in a hor-

izontal plane.

ii. The school must be “fenced off” verti-
cally from the surface to a level below
which the fish will not swim.

iii. The school must be enclosed beneath
by the pursed seine — that is, the
bottom edge of the purse seine, dur-
ing the pursing operation, must pass
below the greatest depth at which the
fish school swims in the encircling net.

Condition i is provided by the length of
the purse seine, Condition ii by its width
(depth), and Condition iii by the ballast, hang-
ing coefficient, and closable bottom.



When a purse seine is set, the school of
fish may (1) retain its position during the
setting operation or (2) attempt to escape the
purse seine.

The first situation may occur in purse sein-
ing with lights," in fishing of the “Kannizzati"-
type,” and in purse seining with chumming.’
Theoretically, in such situations, provided that
the net is long and deep enough and its leadline
is heavy enough, the catch is sufliciently se-
cure that time is of little importance. The
attention of the school remains directed to the
source of attraction, so that the speed at which
the net is set around the school and at which

& Most common in the Mediterranean (Grubisic, 1961, Ben Tyvia
1961, Dicuzeide and Novella, 1953

* A commercial fishing method used in Malta for concentrating
fish under floating objects (Galea, 1961

7 French fishermen purse seining in the East Atlantic Ocean use
live bait ¢ entrate scattered tuna to keep them in o teeding
frenzy until the ze completed Iberian fishermen use hake *Qg:
to chum surdines before setting their purse seines American ik
ermen sometimes se! around o baitboat which 13 holding the school
of tuna with live bait

the leadline sinks to its working depth and
even the speed at which the net is pursed may
be of little or no importance.”

The second situation, however, is most
common in purse seine fishing. Even if the
net has sufficient length and depth to encircle
the fish, the school may slip out of the net.
It may escape before the circle is completed
because the setting speed is too slow or the
direction in which the school is moving has not
been judged correctly (Figure 13A). Also
the school may dive and escape under the lead-
line before the leadline descends to its working
depth (Figure 13B); or it may escape through
the still open part of the partially pursed net,
often beneath the boat (Figure 14). These
hypotheses concerning how the fish react are
subjective, however, in the absence of direct
evidence of how fish actually escape a net.

* Under certain conditions, the fishermen Iry 1o avoid nolse, 30
the net i3 et slowly

Figure 13.—Fish escape because of (A) inadequate setting speed or judgment errors or (B) net’s inadequate sinking

speed.
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Figure 14.—Fish escape because of unfavorable configuration of partially pursed net.

2. Variations in Purse Seine Design

The basic pattern of a purse seine is the
same the world over. It consists of an elon-
gated sheet of netting hung between a corkline
and a leadline. The leadline is fitted with rings
through which the purse line passes. The con-
struction and the design (Table 4) that gov-
ern the performance of the purse seine, how-
ever, vary greatly (Andreev, 1959; FAO,
1965a; Ben Tuvia, 1961; Brandt, 1964; Grub-
isic, 1961; Dieuzeide and Novella, 1953; Fry,
1931; Iitaka, 1955; Nakamura and Igarashi,
1964; DuPlessis, 1959; Robas, 1959; Schmidt,
1959; Scofield, 1951).

Although different species and different
fishing methods require variations in the de-
sign of purse seines, we wonder whether this
large proliferation of purse seine types came
about through knowledge of what actually was
needed or whether it came about through hap-
hazard evolution, stabilizing in types of purse
seines which seemed to offer their users fairly
reasonable combinations of ease of handling

and acceptable catches of fish. We believe that
many types of purse seines could be improved
by objective analyses of their design and per-
formance in relation to the behavior of the
fish they are used to catch.

3. Effect of Design Variations on Per-
formance of the Tuna Purse Seine

Models

The present study does not deal with those
elements of purse seining that are not influ-
enced by, or do not influence, the design of the
net itself — for example, the element of setting
speed dealt with in detail by Andreev (1959)
or the method of handling the net on board the
seiner, deck arrangement.... Several elements
of the operation depend upon the design of the
net — namely, the sinking speed of the leadline,
the shape of the net in water before and during
pursing, the volume enclosed by the net during
each stage of pursing, and the working depth
and the working circumference of the enclosed
area.
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in different purse seines

Table 4.—Comparative table of design variables
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length of leadline.

stretched length of webbing.

Ls =
Dy

Key:

Liead

kp = hanging coefficient (Ls/Lcork or Ls/Liead)-

Fictitious area

stretched depth of webbing.

Ls x Ds.

length of corkline.
Calculated from FAO (1965a).

Lcork

Source:

We found that variations in design influ-
enced the performance of the model purse
seines as follows:

1. When the ratio of the length of cork-
line to length of leadline was equal to or
greater than 1, speed of sinking was slow-
er, and the shape of the seine ends was
adversely affected.

o

Changing the kp at the corkline from
0.90 to 0.70 and adding to the length of
the leadline more than doubled the speed
of sinking.

3. A lower hanging coefficient (k, = 0.70)
allowed the seine to maintain the maxi-
mum circumference of the surrounded
area for a longer time. This longer
maintenance of the maximum circumfer-
ence resulted because the leadline could
reach deeper before its further sinking
caused the floats to bunch.

4. The speed of sinking and the shape of
the wing ends while pursing were im-
proved and the gap or “gate” between
them was reduced by the addition of
gavels between the corkline and the lead-
line at the wing tips. The hanging of
the netting to the gavels was at the side
kyp, corresponding to the top and bottom
hanging coefficients.

5. Tapering the net from the center towards
both ends saved substantial amounts of
netting without impairing the working
depth. The deepened center of the net
provided more scooping action during the
pursing operation.

Thus, a faster sinking net with the desired
underwater configuration was produced for
possible use in the Eastern Pacific tuna fishery.
Whether or not these features will bring
higher catches of tuna can be determined only
by experiments with a full-scale net. Details
of handling the net and analysis of its catching
efficiency must also be the subject of further
experiments.

4. Sinking Speed

Hamre (1963) stated that “the most ob-
vious reason for the fast sinking of the Nor-



wegian net [as compared with the American
tuna purse seine) is the small resistance of
~ the light webbing used in that net.” The

sinking speed of the Norwegian tuna purse
seine tested by Hamre was about four times
that of the American net. Hamre's statement
was based on an equation of net resistance
to the flow of water. The present study, how-
ever, used two different nets with the same
webbing and ballast. In this experiment,
sinking speed was more than doubled. This
finding indicates that the lower kp (0.40)
as well as longer leadline used with the Nor-
wegian net may have been more important than
the size of webbing in producing its higher
rate of sinking. Although Hamre did not
mention gavels in his paper, his net was
probably fitted in the usual Scandinavian man-
ner with gavels at both sides. The effect of
all of these features improved its sinking speed
markedly.

Netting material plays a secondary role
in speed of sinking as long as the specific
gravity — ballast ratio remains unchanged.
(Today, lighter-than-water, as well as heavier-
than-water, synthetic net materials are avail-
able). The main factor affecting a net's rate
of sinking is its hanging coeflicient. When
the actual depth of the seine starts to exceed
the designed depth, the actual length of the
net (the circumference of the encircled area)
starts to decrease (Figure 8). This decrease
occurs only when the whole puckering wall
of the netting moves through the water towards
the center of the encircled area. The netting
therefore has to overcome the resistance of
water. The higher the kj, the greater the
lateral movement of the netting required for
the leadline to descend to the same working
depth; this lateral movement of the netting
takes more time than longitudinal movement.

When Vinogradov (1950), cited by An-
dreev (1959), increased ki from 0.5 to 0.8,
his leadline sank 100 percent faster. Andreev
attempted to explain this greater rate of sink-
ing by “increased deformation of netting” at
higher k. The present study indicates that
Vinogradov's results and Andreev's explana-
tion cannot both be correct. Vinogradov's
net was probably set in a straight line, so that

the netting and the corkline could pucker with-
out any lateral motion through the water.
With less water resistance, the Dw could in-
crease faster.

If all other conditions are equal, an in-
crease in weight of leadline increases the speed
of sinking (as well as the working depth).
Figure 4 illustrates the importance of the
weight of leadline in keeping the leadline deep
during pursing. Weight of leadline alone,
however, is not sufficient to provide a fast rate
of sinking if the hanging coefficient and the
ratio of the length of corkline to the length
of leadline are too high. This influence of
the hanging coefficient and the ratio of length
of corkline to leadline is illustrated by the Nor-
wegian purse seine, which, with a much lighter
leadline, sinks much faster than does the heav-
ily ballasted American purse seine (Hamre,
1963; Green, 1964).

5. Pursing

What is the importance of the shape of the
seine during pursing? Baranov (1948) em-
phasized the importance of the increase of
the Dyw during pursing and stated that fish
usually move downwards to escape the net.
Since a leadline with high kp had less tendency
to rise during pursing, he recommended the
use of a high kj, though one not higher than
0.87-0.90. Hamre (1963) stated that, “Apart
from size, the catching capacity of a purse
seine is mainly determined by the operational
speed and the sinking velocity.”

The present study indicates that the best
sinking velocity could be had by using a low
Kh- On the other hand, the use of a low ky
caused the leadline to rise earlier during
pursing. This early rise was due to changes
in the true cj at the upper edge of the seine
(c1 = ratio of actual length to stretched length
of netting) when the corkline bunches. At
kn 0.90, as long as ¢} was near to ky or
equal to it, the initial working depth of the
seine was about 0.44 of its stretched length —
that is, ¢2 = 0.44 (c2 =~ ratio of actual depth
to stretched depth of netting) Ben-Yami,
1959. The relation of ¢y to c2 is given by
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¢l = cosa
(2)

c2 = sina,

where @ = 14 the mesh angle formed by upper
and lower mesh bars at either side. Deriva-
tions of Equation (2) and other pertinent net
equations are given by Hamre (1963).

When kj, equals 0.60, for example, the ini-
tial Dy is twice as great, for when ¢ = 0.60,
then c2 = 0.80. During pursing, however,
the c¢2 of the former more tightly hung net
can more than double with the bunching of
the leadline, whereas the c2 of the latter loosely
hung net cannot increase much.

Another performance factor affected by kp
is the actual area surrounded by the purse
seine during pursing. When Kk} is large, this
area decreases rapidly with an increase of Dw,
whereas when kj is small, the original size
of the encircled area is maintained for a longer
time, because the corkline has less tendency to
bunch during the first part of the pursing op-
eration. Thus, we have another problem —
deciding whether greater pursing depth, or
larger encircled area and volume is more im-
portant to keep the fish in the seine. In other
words, which is the more important — the
depth of the bowl’s bottom or the size of the
bowl and the speed with which it is created?

In our opinion, the relative importance of
sinking speed and pursing depth on the one
hand and size of the encircled area during purs-
ing on the other depends on the species of fish,
their particular behavior under the circum-
stances,” and the other fishing conditions, such
as depth of thermocline (Green, 1967), depth
of bottom at the fishing location, and under-
water visibility of the net (Hester and Taylor,
1965). When a school of fish is not moving, the
pursing performance and Dy seems to be more
important than the speed of pursing, setting,
and sinking. When a school is in motion trying
to escape the net, the elements of setting and
sinking speed seem to be the more important.

* Mullet sometimes escape a seine by jumping over the corkline
Leslie Scattergood, personal communication) as do the Red Sea milk-

fish (Chanos chanos). Of two species of tuna simultaneously encircled
in the same purse seine set, the one — long-tail tuna (Thunnus tonggol)

was observed diving under the leadline while the other — little tuna
(Euthynnus afinis) — stayed in the net (Ben-Yami, 1966).
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Mediterranean fishermen are aware of this dif-
ference. For example, whereas their purse
seines used for sardine fishing during daylight,
when sardine schools are in motion, are loosely
hung (low kp) and long, their purse seines
used for fishing the same fish at night with
lights, are shorter, deeper, and more tightly
hung.

Until new technologies are applied in re-
search on fish behavior in relation to purse
seines, the fishermen’s experience should be
relied upon. Thus, where fishermen believe
that a fast-sinking net is less important than
is a deep pursing one, high kp is to be rec-
ommended and vice versa.

B. THE HYBRID PURSE SEINE

Presented in this section is the design of
the hybrid purse seine that we are proposing
as an improvement over the seine currently
used and a prediction .of its sinking perform-
ance.

1. Design

The design of Model IT was based on a com-
bination of elements of the California and the
North European designs to combine the fast
sinking of the latter with the deep pursing of
the former. Thus:

1. The ballast of the California seine was
maintained.

. The high kp at the leadline of the Cali-
fornia seine was maintained.

o

3. The kp at the corkline was lowered to
0.70 (Scandinavian).

4. Gavels were introduced (Scandinavian,
Russian, Canadian).

5. Netting of tapered shape (deep center and
shallower wings) was introduced (Scan-
dinavian).

6. Separate side (breast) purse rings and
lines were introduced (Norwegian, Rus-
sian).

7. The horizontal net sections were gradu-
ally shortened, from the midsections
downward to give equal lengths of lead-



line and corkline between the end per-
pendiculars. This equality is made pos-
sible by the use of incremental hanging
coefficients varying from k = 0.7 at the
top to kp = 0.9 at the bottom. When
the breast purse lines have been hauled
and the wing ends gathered, the nearly

2. Prediction of Sinking Performance

The difference in sinking speed between
the Model I and the full-size net was taken
into consideration in the prediction of the
sinking performance for the scaled up Model
11, using the equation

equal lengths of cork and leadline should ta tp D, Dy
facilitate the hauling operation where f = f aid £ f (3)
power blocks are used. The gradual de- ta tp ’ Dy Dp
crease toward the bottom in the length mod mod mod mod
of webbing strips is designed for the where: t, = sinking time of full-scale
better attainment of the bowllike shape f California tuna purse seine
of the net with minimum waste of netting. at midnet
A design of a tuna purse seine for a larger ¢ — sinkine time of Model 1
seiner, based on the results of the present Avvod o it dbnet ’
study and the described design of the Model ‘
II, is shown in Figure 15 and Table 5. We t —" sinlcing +ime of sealed up
expect this seine to sink faster and to a By Model IL. at midnet
greater depth than the present California purse e
seine without losing its superior pursing per- — cinkine +
formance at depth. The table presents only the thod B %Lnlr\;né, t‘;me ok Madel. L1,
linear dimensions of the different sections of & rane
the seine. It therefore gives no specifications D = depth resched by fullseale
for the mesh size and rope and twine size or A Saine 16'1((1“118 at the ti‘m(e t
the other components of the net, these items ‘
being left to individual preference. D, — depth readhed fiy the Wad
Following a general trend toward larger mod el I leadline at the time t
nets, the proposed design is for a net scaled
up at a ratio of about 31:1 from Model II. DB = depth reached by the
Thus, the full-scale seine will be comparable f scaled up Model II lead-
with a 960-meter (525-fathom) California line at the time t
purse seine rather than the 777-meter (425-
fathom net) described by McNeely (1961) Dy = depth reached by the Mod-
and FAO (1965a). mod el II leadline at time t.
3 [ : i MR ] . .
] Fa wg— : R — i ——" ff “ / f
H Ho ] - [ H .
j L»__,L”G—’ : IJ ]J 2 s ? Ir : : QJ”—’m
= |
e RS s T T e

Figure 15.—Construction diagram of hybrid purse seine.
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Table 5.—Construction specifications of hybrid net (see Figure 15).

Dg = stretched depth of webbing.

Webbing Data on webbing Webbing Data on webbing
sections Ds kh sections L‘ Ds kh
Meters Meters Meters Meters
40 07 (=)
A 10 10/40 1.0 L 240 10.5 0.93
0.7 =gl
By 1283 10.5 1.0 M 224 10.5 0.93
10 =gy
Bj 1283 10.5 1.0 N 208 10.5 0.93
1.0 0.7
B3 1047 10.5 0.93 (0] 10.2 10 0.7 0.7/10.
40 0.7 42.8 0.7
Cy 20 40/20 1.0 P 58.1 z:1 0.7
0.7 =)
Cp 40 21 1.0 Q 10 10.2 0.90
1.0 =2
D 118 10.5 0.93 R 102 10.2 0.90
(—) (=)
E 110 10.5 0.93 S 94 10.2 0.90
(—) L=,
F 109 10.5 0.93 T 200 10.2 0.90
(=) (=)
G 101 10.5 0.93 U 193 10.2 0.90
(=) (—)
H 248 10.5 0.93 V 20 10.2 0.90
(=) 28.6 0.7
I 231 10.5 0.93 w 428 8 0.7
() 07
] 215 10.5 0.93 X 10.2 20 0.7 1.0/0.7
=)
K 259 10.5 0.93
Data on lines Data on lines
Lines Lines
Length Length
Meters Meters
a [ 968 d 41
b % 914 e 14
c | 7 f 30
1
Key: Lg = stretched length ot webbing.

knh = hanging coefficient (Ls/Lcork or Ls/Ljead)-

—2

DEPTH
OF LEADLINE (m)
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denotes that the edge concerned is laced to another, longer section at a kp specified for respective edge of the latter.

L
6 7 8 9

SINKING TIME (minutes)
Figure 16.—Predicted sinking performance of scaled up Model II.
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The predicted range of the sinking per-
formance of the scaled up Model II is shown
in Figure 16, where it is superimposed over
the measured sinking performance range of a
conventional American tuna purse seine.

The sinking performance is predicted for
only the time before the start of the pursing
operation. It can be seen that a scaled up
Model II would sink faster and to greater depth
than would the conventional seine. The sink-
ing range of the conventional seine, as plotted,
covers 17 sets made under different wind and
current conditions. BKG recordings (Hester,
1961) show that when the wind and current

tend to pull the boat and the net apart (a
“tight” set) the leadline sinks to a lesser depth
than when these conditions do not occur and
the boat drifts into the net (a “loose” set).
The working depth at midnet may be up to
43 percent deeper in a loose set than that in
a tight set.

During the model trials, however, almost
all sets were tight. Thus, the predicted range
of the upscaled Model II is based more upon
the upper part of the range of the sinking
performance of the conventional net than the
lower. The predicted sinking curve of the up-
dated Model II, therefore, is on the conserva-
tive side.

CONCLUSIONS AND RECOMMENDATIONS

1. The use of models in the study of purse
seines may serve as a good method for
designing nets rationally for different fish-
ing conditions and for improving the com-
mercial nets now used.

2. This method rationally calls for emphasizing
the comparative performance of different
models rather than for attempting to du-
plicate exactly scaled-down nets.

3. The main conditions for increasing the sink-
ing speed of tightly hung purse seines is
to decrease their kp, but this decrease may
cause the pursing depth to become shallower.

4. A suggested hybrid purse seine for tuna
fishing, incorporating certain character-
istics of several types of nets, promises, on
the basis of model tests, to produce a com-
promise performance — that is, a higher
sinking speed and yet a satisfactory pursing
depth.

5. Further research into purse seining oper-
ations should be carried on along the fol-
lowing lines:

a. Model tests of various net designs ac-
companied by collection of data from
BKG and other measuring instruments
(for example, from recording dynamo-
meters and inclinometers) during actual
fishing of full-size nets.

b. Research into the behavior of fish in the
immediate vicinity of, or encircled by
purse seines, by means of direct obser-
vations by SCUBA divers and submarine
vehicles, aireraft, echo sounding and
echo ranging, and underwater photogra-
phy and television.

c. Experiments with net-handling equip-
ment and techniques, such as bow-situ-
ated pursing davit aimed at increased
safety of gear and efficiency of pursing,
arrangement for hauling breast purse
lines, and use of snatch purse rings to
eliminate the ring-hauling stage during
pursing and hauling.

d. Construction of lower strips of purse
seines of netting lighter-than-water as
suggested by Kristjonsson (private com-
munication) — Thomson, 1967.

203



SUMMARY

Purse seines have been the object of com-
paratively little technological research, despite
the fact that they take increasingly large por-
tions of the world’s catch of fish. This fact
and observed differences in performance and
construction of existing purse seines led to the
present study. The study inquired into the
varying performance factors of purse seines
and resulted in an experimental purse seine de-
sign intended to improve on the design of the
purse seine now used in the tuna fishery of the
Eastern Tropical Pacific.

Two model purse seines were constructed.
The first, Model I, was a 1:25 scale model of
the California tuna purse seine. After being
tested, this model was reworked to form Model
II in an effort to produce a better combination
of performance characteristics. Major alter-
ations consisted of varying hanging coeflicients
(k) from 0.7 at the top to 0.9 at the bottom,
introducing gavels, and tapering the body.
Total size, ballast, and materials of construc-
tion were not changed.

Comparative tests indicated that Model 11
sank more than twice as fast as Model I did
and offered a smaller escape opening at its ends
while maintaining the acceptable pursing per-
formance of Model I. Also, the working depth
was less sensitive to horizontal strains on the
net in Model II than in Model 1.

Scale comparisons of the performances of
Model T and its full-size counterpart indicated

that sinking speed for Model I was faster than
it should have been. We attributed this ex-
cessive speed of sinking to the excessive weight
of ballast on Model I, for the ballast was
greater than the scale required. We assumed,
however, that comparisons between models
were valid, because both used the same lead-
line and were otherwise scaled down along the
same modeling rules. We used correction
factors to compare the results of models and
full-scale purse seines.

We concluded that ky, is probably the most
important design variable affecting sinking
speed, area encircled, and pursing perform-
ance. Low kp gives greater sinking speed
and greater area of encirclement during later
stages in the set but allows the leadline to rise
earlier during pursing. The converse is also
true. Other important factors affecting these
and other performance characteristics are
weight of ballast, size of mesh, and size of
twine.

The optimal combination of performance
characteristics for any purse seine depends
on the species of fish, school behavior before
and during the set, fishing methods that modify
behavior including use of adjuncts such as
lights and noise, and oceanographic conditions.
These factors were considered in the design
of a hybrid purse seine, which essentially is
a scaled-up Model II with a combination of
design elements from various other types of
purse seines.
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SUGGESTIONS TO AUTHORS WRITING: FOR FISHERY INDUSTRIAL RESEARCH
by F. Bruce Sanford, Lend|| Baldlvin, and Mary S. Fukuyama

A. APPROACH 6. Conclusions
Werite your paper for a reader who has had advard|red Draw conclusions from your results. _Make sure that
scientific training. Organize and write it in such a [[ray the overall conclusion and the subconclusions correspond
that he can read it rapidly, yet understand it the first e with your overall purpose and subpurposes. Present the
through. S conclusions in logical sequence.
B. COMPONENTS OF THE PAPER 7. Summary
1. Title End the report with a summary., Make the summary
3 quantitative, not merely descriptive. If the teport is short,
3 Wit A i
Select a title that reveals the overall purpose of your end it with “Summary and Conclusions. If it is long,
research. When appropriate, include scientific names of separate the two.

species.

2. Abstract

8. Acknowledgment

Avoid titles of individuals—such as mister, doctor, or

Make the abstract semidescriptive: tell what the report professor. Simply acknowledge the assistance received.
is about, and end with a statement of your overall conclusion. L :
(This conclusion will answer the question stated, or implied, 9. Literature Cited

by your overall purpose.) Keep the abstract short, but do
not use the title of the paper as the assumed antecedent
of otherwise irreferable pronouns.

Make your citations complete and accurate so the reader
can find the original with ease. Follow the format used
in Fishery Industrial Research.

3. Table of Contents C. MECHANICS

le of ;
Include a table of contents 1. Abbreviations

4. Introduction Avoid abbreviations unless you have compelling reason

In the introduction, (1) orient the reader to your over- t‘; use them—bfl:r example, if Yo‘l_’l lack space i’:l V(‘;“F tables.
all purpose, (2) state the purpose explicitly, (3) orient If you use abbreviations, use the ones standard in your
the reader to the subpurposes, and (4) end with a listing discipline. End the abbreviation with a period. See the
of the subpurposes A latest issue of Fishery Industrial Research.

Include in each orienting discussion all the important 2. English Usage, Punctuation, and Capitalization

words that will occur in the subsequent statement of purpose.

BN nnecesnry feviews and economic data Meticulously follow established practice in grammar,

punctuation, and capitalization. For precise, forceful state-
When stating the overall purpose, include a word such ments, use personal pronouns where appropriate and thereby

as “purpose” so that the reader can quickly identify the avoid illogical constructions or ambiguities.

statement for what it is,

3. Headings

5. Main Divisions Use the system of headings shown in the latest edition

Do not use such generalized divisions as “Experimental.” of Fishery Industrial Research.
Instead, be specific by making the main divisions of the
paper correspond to the main divisions of your research— 4. Numbers
Experiment I, Experiment II, and so on. Give each ex- Use Arabi b | h 1l
periment a specific title so that the reader will gain imme- 8¢ LArabiciiimoers un-ess:you Aave a compeliing reason

- E . : to use Roman numbers or to write the numbers out. See
diate insight into the scope of the experiment. the latest issue of Fishery Industrial Research.

For main divisions, do not use “Materials,” “Procedures,”
and “Results” (except when, as is rare, your paper reports 5. Tables and Graphs
only a single unit of research, such as Experiment I); in-
stead, use these headings for minor divisions. When you
use them, consider the following suggestions:

a. Tables.—Number each table and give it a title. (The
title, placed at the top of the table, is a brief statement
of such applicable referents as the nature, classification,

a. Materials and methods.—Describe in detail the ma- or chronology of the information presented, and the polit-
terials and the methods used in your first experiment. If ical division, geographical area, or physical plant to which
the materials and methods used in succeeding experiments the data refer. These points are sometimes referred to
are similar to those in the first, merely describe the dif- as the “what,” “how classified,” “when,” and “where” of
ferences when you report the succeeding experiments. the table.) Do not place a period at the end of the title.

When headings apply to information in more than 1 col-
If a method includes several closely consecutive steps, umn, word them so that they reveal the meaning of the
number them and write out the steps; use the active voice data in all columns covered. Place all units of measurement
—for example, “In the separation of acids from the aqueous over figure columns, and underline. Separate all columns
phase, the analyst: with vertical lines, but use horizontal lines and footnotes
sparingly. Place each table on a separate page. See the

1. Neutralized a I-milliliter portion of the aqueous latest issue of F'ishery Industrial Research.

layer to a pH of 10 with 0.1 N NaOH. b. Graphs.—Number each graph. Place the title at
2. Transferred the neutralized solution to Flask A. the bottom of the graph, and end it with a period. In
/ wording the title, follow the suggestions for titles of tables.
3. Placed Flask A in a bath . . . .” ' Frame all 4 sides of the graph. Place tick marks on the
inside of the frame at only the left and bottom sides unless
you have compelling reason to do otherwise. Identify
ordinate and abscissa; capitalize all letters in the identifi-
cation. Place units of measurement in parentheses, and
print them in lower case. Unless it clutters the graph,
label each curve directly instead of using a legend or a
key. Place each graph on a separate page. See the latest
issue of F'ishery Industrial Research.

b. Results.—Report all numerical data in tables
graphs—avoid cluttering the text with numbers. In t
discussion of results, do not repeat the data that are ¢
tained in the tables and graphs. Instead, analyze the d
by pointing out significances and implications. Use s
mary tables; do not overwhelm the reader with unnece
tables of raw data.
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