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SHRIMP - BEHAVIOR STUDIES UNDERLYING THE 
DEVELOPMENT OF THE ELECTRIC 

SHRIMP-TRAWL SYSTEM 
by 

Edward F. Kl ima 

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 electr ic 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. dum·arum, 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, I 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 conta ining 
water at 20° C. and at salinities ranging from 
28 to 30 parts per thousand. 

An electric system similar to that described 
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 n~mes are ~entioned merel y to simplify the description 
of the experimental equipment; no endorsemen t 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 I.-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 para llel 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 : 

Th h Id I I e threshold voltage at 0 ' 
res 0 vo la ge at an g e = cosine 8 

where 0° is an angle parallel to the electr ic 
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 I.-Threshold voltage for pink shrimp 

Data for shr imp facing posit ive el ectrode Data (or shri mp fa cing nega ti ve electrode 
Ori entation 

Potenti al difference of shrimp Shrimp 
Po tentia l d ifference Shrimp 

in relatio n 
to electrodes In Standard 

In Standard 
sample M ea n deviatio n 

Theoretical 'Sa mple M ean dev iation Theoretical 

D tgruJ Numbtr r o/t agt dro p per 5 em. Ita wattr N 'umbtr r o/tagt drop ptr 5 em . Ita wattr 

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 0.3 5 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 1.1 2 
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(Table 1) . The agreement betwe n th actual 
and theoretica l thre hold volta ju tified 
acceptance of the abov l' lation f r th dif
ferent po itions tested. 

This r lation is identical to th phy ica l 
law of electricity (Brophy, 1966) that tat 
that the voltage drop betw en tw point in 
an electric field depends up n the di tanc b
tween these points a measured a l n th lin 
of current flo\\' (Figure 1). In thi in tanc , 
the lines of current flow a r e perp ndi ular to 
the electrodes. A the angle of the hrimp 
r elative to the lines of equal 1 otentia l incr a 
the voltage drop acro th animal d cr a e 
with the cosine of the angl , which implie tha t 
electric sti mulation occur from on nd of 
the shrimp's body to the other. We can, 1..h I' -

for , conclude that the volta e felt by hrimp 
val'i e not only with it ori ntation but al 0 

with its tota l length. Hence, as th I ngth of 
the animal increa es, th amount of voltage 
felt also increa es, accor ding to t he following: 

L cos = tJ, \ . 

where L = total length of the animal and 
6. V = voltage drop acro the animal. 

B. DETERMINING EFFECT OF HIGH
AND LOW - VOLTAGE 

STIMULATION 

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

1. Procedure 
Experimental an imal were caught and 

handled in the same manner as was de cribed 

in th PI' c ding exp rim nt n th det r
minati n f thr h Id v ltag s. 

T d t rmin th ff ct f diff It-

ach 
xp rimental animal. ach shrimp 

jump d wa m a UJ' I ith a rul r and I' -
c rded. 

2 . Results 

rat ry tudy a c rtain th ff c 
f oltag n th r p ns f hrimp indicat 

that th h ighi jump d a th i m i 
gr at r wh n th hrimp r e timulat d at 7. 
v I than wh n they a r timulat d a th 
thr h Id ltag Tabl ) . 

Table 2.-Relation between I ngth of shrimp and their 
response to electric potential 

Lcn~lh 01 Shrimp A~'erage hei bt . hrimp 
jum~ "hen llImulatw at: 

shrimp 
,n 

sample 0. 16 vol t 1 ,·olts 

.\/,/1'.0'/"1 Nu mbtr Cotla m/IUI COlt aml tul 

0- 7'1 20 6 0 . 1 
0- 'I 45 9 12.2 

'10- 9'1 24 79 11.4 
100· 10') II 76 14 .1 

Toul . . .... ... 100 

A\er.1ge . . .... . 7.9 11.4 

Also a direct relation appears to exi t be
tween hrimp ize and height jumped for ani
mal stimulated with high oltage - the larger 
the animal, the higher it jump. At thre hold 
voltage, however, no uch relation appeal'S to 
exist; the height jumped does not increase 
with an increa e in the length of the hrimp. 

II. FIELD STUDIES 

In the fie ld studies, which were to provide 
the engineering staff at the Base with suffic ient 
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 f rom 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 r ate 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 BIas, 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. 
Th O! array had a pair of bronze electrodes, 
10 centimeters long by 1.9 centimeter s 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 r ate, 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 subj ected to an exact predetermined 
voltage. Thus, an average voltage is given 
for each experimental group (Ta Ie 3). 

Table 3.-Summary of experiments in wh ich burrowed sh rimp were stimulated electrically 

Grou p Shrimp tested Location of 
t est 

N o. No . Spain 

I 52 Pink P anama City 
2 55 Pink P a na ma City 

3 54 Pink P anama C ity 

4 50 Pink P anama C ity 

5 49 Pink P a nama City 

6 50 Brown Panama C ity 

7 47 Brown P anama City 
8 6 4 Brow n P anama Ci ty 

9 2 1 Brown P anama Ci ty 

10 59 Brown P anama City 

I I 34 Bro wn Panacna City 

12 27 Brown P anama City 
13 48 Brown P anama City 

14 52 Brown Panama C ity 

15 62 Brown Cape San Bi as 

16 63 Brown Cape San Bias 

17 10 Brown Cape San Bi as 

18 59 Brown St. Andrews Bay 

19 24 Pink Dry T onugas 
20 20 Pink Dry T ortugas 
21 89 Pi nk Dry Tortu gas 

22 34 P ink orr the State 
Mississippi 

1 98 percent sa nd and 2 percent si lt and clay . 
2 99 percent sand and I perce nt silt . 
a. 83 percent sa nd . II percent silt, a nd 6 percent clay . 

of 

E lect rical stimulation data 

T ype of Electrode Average potential sediment toward which Pul se rate across shrimp 's 
shrimp faced body 

Puifo/ uc. Yo/II 

Sand' + 3 0 .7 
Sand + 3 3.8 
Sa nd + 4 5.8 
Sand + 5 3.2 
Sand + 4 3.2 
Sand - 4 5 .2 
Sand - 4 3.3 
Sand - 6 3.7 
Sand - 3 0 .9 
Sand - 4 1.1 
Sand - 5 1.1 
Sand + 5 1.1 
Sand + 6 0.9 
Sand + 5 1.6 
Sand" + 4 3.6 
Sand' + 4 3.6 
Sand 3 + 5 3.2 
Silty sa nd + 4 3.6 
Sand + 3 4.4 
Sand + 3 0.8 
Sandy silt + 4 3.3 

Sand-si I t-c1 ay + 4 3.3 
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Owing to the difficulty in obtaining accurate 
mea urement under water, moti n 1 ictur 
photography was used to l' cord the e cape r -
actions of t imulated shrimp. diver 
operated a hand-held 16-millimeter m vi cam
era in a wat l-tight hou ing to I' cord th action 
(Figure 2) . The t iming- v nt Ii ·ht provid d 
the time base for each obs ration. Wh n u d 
in combination with th motion-I icture film 

p r sec nd, the data 
f the timing- vent light 

r cti ns of -timulated 

Figure 2.-SCUBA diver filming electrically stimulated shrimp for time and motion studies. 
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Table 4.-Time-frequency distribution of burrowed shrimp d ebur rowing when stimulated electrically 

Respon se 
time 

SUOlldI 

0 .00-0 .28 
0 .3 1-0 .59 
0 .62-0 .90 
0 .94-1.22 
1. 25- 1. 53 
1.56- 1.84 
1.8 7-2. 15 
2. 18-2.46 
2.50-2.78 
2.8 1-3.09 
3. 12-3.40 
3.4 3-3.7 1 
3.74-4 .02 
4.06-4 .34 
4 .3 7-4 .65 
4.68-4 .96 

> 4 .96 

No . 

I 
5 
9 

7 
6 

No . 

10 

Number responding ...... '1 45 I 52 
Number not responding .. .. 7 

T otal shrimp ........ .. . . 52 I 55 

Percen t responding within 
1.66 seconds .. .... . .... 1 56 

Percent respondi ng with in 
1.90 secon ds . ..... ..... 67 

69 

7 1 

No . 

23 

12 
4 

54 
o 

54 

9 1 

96 

4 

No. 

II 
21 
6 
6 

50 
o 

50 

100 

100 

No. 

12 
16 
II 

3 

49 
o 

49 

92 

98 

6 

No . 

II 
16 
II 
7 

50 
o 

50 

96 

100 

No . 

4 
6 

14 
7 

45 

47 

85 

89 

No. 

II 
23 
15 
5 

64 

9 1 

9 1 

9 

No . 

6 

20 

2 1 

71 

8 1 

Sh rimp that deburrowed in Group : 

10 

No . 

4 

IU 
18 
9 
G 

56 

,9 

80 

86 

II 

No. 

10 
J 
3 

29 

34 

65 

71 

12 

No. 

~h 

27 

59 

59 

13 

No. 

4 
5 

IJ 

H 

48 

56 

61 

14 

No. 

6 
q 

9 

H 
8 

52 

60 

63 

15 

No . 

17 
37 
6 

6 1 

62 

98 

98 

16 

No . 

10 
16 

7 
6 

59 

63 

70 

78 

17 

No . 

10 
o 

10 

90 

100 

18 

No. 

53 

58 
o 

58 

100 

100 

19 

No . 

4 

2~ 

o 

2~ 

71 

79 

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

Response 
Lime 

Stronds 

0 .00-0 .28 
0.3 1-0 .59 
0 .62-0.90 
0 .94- 1. 22 
1.25- 1.5 3 
1.56- 1.84 
1.87-2. 15 
2. 18-2 .46 
2.50-2 .78 
2.8 1-3 .09 
3. 12-3.40 
3.4 3-3. 71 
3.74-4 .02 

No. 

4 
2 
7 
4 

No . 

6 
7 
9 
6 

No. 

2 
23 
5 

10 

No . 

7 
25 

No . 

10 
II 
10 

6 

No. 

19 
II 
6 

No. 

6 
9 

12 
7 

No . 

10 
18 
17 
7 

Shrimp that jumped 75 

9 

No . 

10 

No . 

12 
15 

4 
I 

II 

No . 

9 

mill ime ters 

12 I 13 

No . No . 

In Group : 

14 

No . 

7 
6 

5 
6 

15 

No . 

10 
40 

9 

16 

No . 

I 
10 
5 
7 
5 
8 

17 

No . 

18 

11'0. 

41 
I ~ 

19 

11'0. 

4 

I 
3 
6 

20 

No. 

16 

20 

30 

35 

20 

No . 

2 1 

No . 

82 
5 

89 
o 

89 

98 

99 

21 

No. 

71 

22 

No . 

2 1 
II 

34 
o 

34 

100 

100 

22 

No . 

12 
15 
6 
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Tabl!! 5-Continued 

Respo nse 
time 

SuondI 

4 .06-4 .3 4 
4 .37-4.65 
4 .68-4 .96 

>4.96 

No . No . 

Number responding .... . . . J 36 I 46 
Number not respondi ng . . ... 16 9 

---- ------

T otal shrimp ..... .. . . ...• 1 52 

Percent responding within 
1.66 second s .. ·· ....• . • 1 38 

Percent responding within 
1.90 seco nds ........... 50 

55 

60 

64 

No. 

52 
2 

54 

87 

89 

4 

No. 

47 
3 

50 

94 

94 

No. 

46 
3 

49 

86 

90 

6 

No . 

50 
o 

50 

92 

98 

No. 

45 
2 

47 

79 

87 

No. 

57 
7 

64 

84 

84 

Shrimp 

9 

No. 

18 
3 

2 1 

52 

52 

that jumper 75 mi ll imeters In 

10 

No. 

53 
6 

59 

71 

79 

II 

No. 

22 
12 

34 

50 

55 

12 

No . 

17 
10 

27 

44 

44 

13 

No. 

29 
19 

48 

3 1 

35 

G roup: 

14 

No. 

38 
14 

52 

54 

60 

15 

No. 

60 
2 

62 

97 

97 

16 

No. 

59 
4 

63 

70 

75 

17 

No. 

10 
o 

10 

90 

100 

18 

No. 

58 
o 

58 

100 

100 

19 

No. 

23 

24 

63 

7 1 

Table 6.-Time-frequency distribution of burrowed shrimp jumping 150 millimeters high when stimulated electrically 

Respon se 
time 

Suo 1l ds 

0 .00-0 .28 
0 .31-0 .59 
0 .62-0.90 
0 .94- 1.22 
1.25- 1.53 
1.56- 1.84 
1. 87-2 .15 
2. 18-2.46 
2.50-2.78 
2.8 1-3 .09 
3. 12-3.40 
3.4 3-3 .7 1 
3.74-4 .02 
4.06-4 .14 
4 .37-4.65 
4 .68-4.96 

> 4 .96 

No. 

4 

No. 

I 
6 

Number responding . ..... '1 12 I 30 
Number not responding .... 40 25 
-------------- - -- - --- - --- -- ------
Total shr imp . .... . . .. .... 52 1 55 

Percent responding within 
1.66 seconds ... . .. . . ... 1 6 33 

Percenl responding within 
I. 90 seconds .. _ ... . . .. . 38 

No . 

15 
6 
6 

38 
16 

54 

63 

63 

4 

No. 

13 
7 
2 

27 
23 

50 

50 

52 

No . 

I 
6 
6 

26 
23 

49 

4 5 

4 7 

6 

No. 

4 
12 
10 
9 

42 
8 

50 

76 

76 

No. 

6 
6 

24 
23 

47 

45 

45 

No . 

14 
10 
5 

37 
27 

64 

55 

55 

Shr imp that jumped 150 millimeters in Group: 

9 

No . 

8 
13 

21 

14 

14 

10 

No. 

4 

27 
32 

59 

32 

36 

II 

No . 

6 
28 

34 

15 

15 

12 

No. 

24 

27 

13 

No. 

4 

10 
38 

48 

13 

17 

14 

No. 

4 

22 
30 

52 

23 

25 

15 

No . 

31 
7 
5 

48 
14 

62 

77 

77 

16 

No. 

4 
3 
4 
7 

4 

35 
28 

63 

40 

43 

17 

No. 

10 

30 

30 

18 

No . 

16 
21 

5 

44 
14 

58 

76 

76 

19 

No. 

21 
3 

24 

50 

54 

20 

No. 

14 
6 

20 

40 

45 

20 

No. 

9 
II 

20 

10 

20 

21 

No. 

89 
o 

89 

99 

99 

2 1 

No. 

29 
23 

5 
2 

62 
27 

89 

69 

69 

22 

N o. 

34 
o 

34 

100 

100 

22 

No. 

19 
4 

29 
5 

34 

82 

82 
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Table 9.-Time-frequency distribution of combined groups depicting rate of deburrowing and jumping 75 and 150 
millimeters high 

R esponse 
lime 

Suonds 

0 .00-0.28 
0 .3 1-0,49 
0 .62-0.90 
0 .94-1.22 
1. 25-1.53 
1.56-1.84 
1.87-2.15 
2. 18-2.46 
2.50-2 .78 
2.8 1-3 .09 
3. 12-3.40 
3,43-3.7 1 
3.74-4.02 
4 .06-4.34-
4. 37-4.65 
4 .68-4 .96 

> 4.96 

Number responding . . . . . . . . . . . 
Number not responding .. .. .... 
-- ------- --- -- ------- -- --------
T otal shrimp . . . . . . . . . . . . . . . . 
Perce nt 

1.66 
Percent 

1.90 

responding withi n 
seconds .... .. ..... . . . 
responding withi n 

seconds .. . . ......... . . 

/ 

/ 
/ 

/ 

/ 
/ 

/ 

/ 
/ 

// ... -...... 

/ 

Groups 
I & 9 

No . 

6 
14-
II 
R 

65 
8 

-------
73 

60 

7 1 

Deburrowed In: 

G roups Groups G roups 
3 & 6 5 & 7 II , 12, 

& 14 

No . No . No. 

14 7 
39 18 12 
18 30 24-
19 15 
5 10 8 
6 6 6 

8 
6 

10+ 9+ 99 
0 14-

----- -- - -------- -------
104- 96 11 3 

93 89 6 1 

98 94 65 

Figure 5.-Relation between pulse rate and percentage 
of shrimp jumping 75 millimeters high within 
1.90 seconds. 

highest activity is again at a high voltage com
bined with repetition rates between 4 and 6 
pulses per second. The activity level was re
duced at low-voltage stimulation. 

The relation between percentage activity 
and the three escape criteria for various pulse 

Shrimp that: 

Jumped 75 millimeters 10 : Jumped 150 millimeters in: 

Groups Groups Groups G rou ps Groups G roups G roups Groups II, 12 , II, 12, I &9 3 & 6 5 & 7 
& 14 I &9 3 & 6 5 & 7 

& 14 

No. No. No. No. No. No. No. No. 

9 4- 4 4 
4 42 16 II 27 13 4-

10 16 20 17 16 4 I 
5 16 22 II 15 12 6 
5 9 1+ II 8 12 5 
6 6 8 7 3 2 

10 2 + 4- 2 4-
5 6 

54 102 9 1 77 20 80 50 3 1 
19 2 5 36 53 2+ 46 82 

-------- --- ---- -------- --- ----- -------- --------
73 10+ 96 11 3 73 104 96 11 3 

42 89 50 69 45 9 

51 93 86 55 10 69 46 9 

characteristics is shown in Figure ' 7, 8, 9, and 
10. Percentage activity and the three escape 
criteria show a curvilinear relatio between 
the percent deburrowing and the percent 
jumping 75 and 150 millimeter high within 
1.90 seconds. As would be expected, the pro
portion of shrimp that deburrow within 1.90 
seconds is greater than the proportion that 

/ 
/ 

/ 

". .... -, 
/// "" 

/// ', .... ~ Ito-. 11-,,, 

/ ---
/ ------ ... 

..uLSOU ! .......... _...., ...... l 

Figure 6.-Relation between pulse rate and p ercentage 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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F igure 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 
h eight jumped within 1.90 seconds is shown 
on the right side o f 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. 

curvi lin :::!a r 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. 

,pvl •• , p. , , .. ond 
", vol" 

.0 - N ' ,. 

= 'S;::-;:;-:::;------:::=====::=:::::-----:.:=:::::-====l I --~ 10,,1 ... pe •• oeo ow:! 

.!.o 
)Z .. ol io 

..... It • • p. ' •• co .... 
" .. ,h. 
N'IO_ 

4 .... 10 0. ... . ,oc."" 
ll .... ... 

N • '16 

Figure H.-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 hrimp jump 7 milli-
meters high (Figure 11) i remarkabl im-
ilar for animals timulated with pul e rat f 
4, 5, and 6 per second at high v ltage. At 
these pulse rate , the rate fr action increa e 
exponentially from 0 to about 1.70 ec nd ; 
thereafter, no appreciable change is noticeabl . 
At 4 pulses per second, shrimp stimulated at 
more than 5.0 volts appear to have a lightly 
f aster rate than do those stimulated at 3. 
volts. 

As voltage increases, the reaction time d -
creases. This relation is evident when the r -
actions of shrimp stimulated at low and high 
voltages are compared within a range of pul e 
rates. Figure 12 depicts the reaction rate at 
low voltage at pulse rates of 4, 5, and 6 pel' 
second. These reaction rates are slower than 

o 
~ to 

~ 

• p .. I .. . ,.. , • .., ... d 
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N' II ) 
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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 tho e for imilar group expo ed to high 
voltage (Figure 11). Becau e the reaction 
time i lower at Ie than 1.3 vol the op
timum oltage appear to be in exce of 3. 
volts. 
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B. RESPONSES OF ELECTRICALLY 

STIMULATED SHRIMP BURROWED 

IN SUBSTRATA FOUND IN 

COMMERCIAL SHRIMP GROUNDS 

Shrimp were tested in the substr ata found 
on Cape San Bias, St. Andrews Bay, Dry 
Tortugas, and Mississippi shrimp gr ounds. 

1. Cape San Bias Substrata 
Two types of sediments were encountered 

on the Cape San Bias shr imp 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 and , a lthough it con
tained 83 percent sand, 11 percent ilt, and 
6 percent clay. 

The r ate of the escape reactions of Group 
15 stimulated from the latter substratum was 
generally slower than was t hat of Group 16 
stimulated from the pure sand substratum 
(Figure 13). In Group 15, about 80 percent 
of the shrimp j umped a height of 75 millimeters 
within 0.59 second ; over 94 percent attained 
t his height with in 1.22 seconds. In Gr oup 16, 
however, 80 percent of the shrimp took 2.15 
seconds to j ump a height of 75 millimeters, 
and 94 percent r eached this height in 2.46 
seconds. 

< o 
i lO 

;' 

4 ~ 16 l Oll l 39 170 201 z.l 2 Z '. 

TlI" Etu " ondIJ 

Soo' 
, ... ... d 
. 0 1'1<1 . .. ,, _<10, 
• ..to" ... ,o 

N'62 

Figure B.-Relation between reaction rate of shrimp 
jumping 75 millimeters high and the two 
bottom types found in the Cape San BIas 
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 
a lso shows tha t shrimp burrowed in pure 
sand jumped s lightly higher than those bur
r owed in mixed san:l . 

2 ~ 
o 

1UW YO 7S_ AJNII 10 1!oO _ 

_ ClIVITY htlN I to SlC~OS 

Figure 14.--Comparison of activity level of shrimp bur
rowed in the two bottom types found in the 
Cape San BIas 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 shr imp. Although some difference 
was noted in the escape reaction of shrimp 
from the two types of bottom, the pulse char
acter istics tested appeared adequate for use 
in an electric shrimp-trawl system. 

2. Types of Substrata Other Than 
Cape San Bias 

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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ACTIVITY WITHIN I 9 0 SECONDS 

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 littl e 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 
r apid r ates of reaction indicate that an elec-

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 
a lso 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 commercia l 
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. 

,----------- - --

.0 

i'----- --r-- --- -- ----- ---- ---- --/ 

N: 59 

108 1.)9 170 1 0 1 131 1 6 <1 19S J 16 J S7 J 88 .. ?,.O 
TI ME I ..... nd • • 

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 func
tion of its orientation in relation to the elec
tric field as well as the size of the shrimp. 
This relation was described as L cos e = 6 V. 

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 hrimp. Generally, 
shrimp escaped from mixtures of sand, si lt, 
and clay faster than they did from sand. 
Shrimp jumped higher from substrata found 
off Mississippi, Dry Tortugas, Cape San BIas, 
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 
clay jumped 75 millimeters high within 1.90 
econds, whereas between 78 and 98 percent 

of the shr imp 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. The e 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 di tance 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 minimt:m 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 e = 6. V). Fuss and Ogren (1966) 
showed that orientation of burrowed shrimp 
appeare::i generally to be random. Conse
quently an electric trawl would encounter 
shrimp positioned at var ying 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 r eceive 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 Varni and Roger E. Green 

ABSTRACT 

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 mo t aggressive 

methods of fi shing. It aims mostly at catching 
mobile, dense schools of pelagic fi sh and con
tains all the elements of searching, hunting 
down, and capture. Its instrument of capture, 
t he 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 fi h
eries. In the nited States, purse seines now 
capture most of the tuna landed (McNeely, 
1961 ) ; in Iceland and Norway, purse seines 
capture huge amounts of hening (Jakobsson. 
1964 ) , capelin, and mackerel. Purse seines 
also catch mammoth quantities of anchoveta 
off the west coast of South America and pi l
chards off South West Africa. 

The world over , pUl'se seines catch fish that 
range from dimin ut ive anchovies and sprat 
to huge bluefin and yellowfin tunas. Purse 
seines t ake about one half of the world's over 
50 million metric tons whole fi sh. In the nited 
States alone, abo ut 1 million metr ic ton of 
fish wor th about 77 million dollar were caught 
with pu rse seines in 1965 (Table 1). 

Despite the gr owing 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 coun tries during 
the last decade. 

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

Table I.-U. S. landi ngs of fi sh 

Catch 

Fishing Amount 
method 

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

Another problem of research on pur e 
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 
f rom $50,000 to 70,000. Most of thi cost 
is m the webbing. 

omparison of sinking rates of a lifornia 
and Norwegian tuna purse seines (Green, 
1964; Hamre, 1963) and of an anchovy purse 
seine in Peru (Krist jonsson, private commu
nication ) revealed great variations in the per
fOl'mances 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 pr oposed improved California tuna purse 
seine, the de ign of which was ba ed both on 
theoretica l con iderations and on observation 
and study of numerous other purse seines from 
severa l countrie . Our principal aims in the 
design of this new version of the California 

1 Th e relatively sharp temperature gradient separating the layer 
of wa rmer water above from the co lder water below. 

to 1965, by fi sh ing method 

Value Fi sh.iog Value of 
Units catch per 

operating fi shing un it Amount relat ive 1\ loney value Value relative Weight 

184 

to total amoun t of ca tch 

It /etrie tons Ptrct!n t Dol/ars 

P urse seining 996,830 46.0 i6,5 45 ,Ooo 
Trawli ng 543,483 25 . 1 137,844,000 
Other method s 626, 427 28 .9 23 1, 150,000 

Tota l 2, 166,740 100 .0 445 ,539,000 

1 Not appli cable becau se of nonco mparablilly of "other methods." 
Source: Lyles, 1967 . 

to LOtal value 

Prrcent Nllmbtr Dol/ars 

17.2 2,034 37,633 
30.9 13,678 10,078 
51.9 1 1 

100. 0 -- --



tuna purse seine was to improve its sinking 
and pursing performance using a minimum of 
webbing. 

After we had completed our design of the 
pr opo ed impr oved purse seine, we would have 
liked to have built one immediately so as to 
te t it out . Experiment ing with a f ull -size 

purse seine, however, is inordinately expensive. 
We therefore had to do our testing with sca le 
models r ather than with f ull-size seines. In 
the following r eport of our work, we describe 
first our studies with the models and then 
app ly the r esults of the model st udies and 
t heoretical consider ations to the design of a 
new version of the California t una pur se seine. 

I. MODEL STUDY 

A. CONSTRUCTION OF MODELS 

1. Modeling Rules Followed 
As wa j u t indicated, the experimental 

pha e of the present study con i ted of te t ing, 
un den-Yater, a large model of a purse seine 
in u e and comparing its behavior with that 
of an improved version of the arne model. 
Thi experimental approach was based on the 
a umption 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 f ull-scale 
nets. 

In scaling down the orierinal net, we fo l
lowed the modeling rules of Dick on (1959 ) 
a clo ely as practicable within the limitations 
impo ed by the materials available. Our sug
ere ted full-scale ver ion of the improved model, 
reported elsewhere in this paper, was designed 
along the same modeling rules. In ascertain
ing the hydrodynamic rules applicab le 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 

c. Model I.-Model I was a model of t he 
California tuna purse seine (McNeely, 1961; 
FAO, 1965a) scaled down at a r atio of 1:25. 
The deta ils of its construction ar e given in 
Figure 1 and Table 2. 

b. Model I I.-Af ter we had measured Model 
I and obser ved its action, we took it apart and 
constructed Model II, from about the same 

I. Model study 
A. Construction of models 

1. Modeling r ules followed 
2. Descriptions of the model 

purse seine 
a. Model I 
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 ha lf 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 t he sides. The tips are taper ed by di
agonal taper (bar cut) of t he lower corners. 
The wing tips end in gavels (vertical lines at 
t he net ends, which can be pursed separately) 
instead of the corkline, leadline, and a ll the 
webbing between being gathered onto single 
end rings as usua l. 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 
pur se 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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A 

B 

Figure I.-Model I - construction diagram (see Table 2). 

Table 2.-Specifications for Model I (see Figure 1) 

Data on webb ing 

Webbi ng T wine size Mesh size Length Dept h Hanging coe/li-seel lons M a teri al 
T ex A mer ICan 

( stretched mesh ) ( st retched) ( st retched) cients (k h) 

M m. J ncluJ MttuI 111 "h " em. M " hn 

A M arlon 17 5 2 13.7 0 .54 34.4 30 1 220 
a 

= 0 .9 -
A 

B Marlo n 400 6 25 .4 I 34.4 38 15 
A 

= 1.0 -
B 

C :\lJrlo n 400 6 25.4 I 7 25 
b 

0 .9 = 
B 

Data on lines and bri dles 
Items 

M aterial Diameter Lengt h 

Ivl illi mltus MftuI 

a (corkline) . . ... . . ... Braided ny lon 5.5 3 1 
b (leadline) . . .. ... ... Galva ni zed cha in 2.7 (wi re) 3 1 

(36 link s per meter chai n) 
c (purse line) . . . . . . . . . Braided nylon 5.5 31 
d (brid les) . . . . . . . . . . . Nylon parachute cord 4 (See Fi gure I ) 

Data on Aoats, brackets, and r ings 
Items 

l\llateria l Shape Diameter 

Mm . I nchn 

I ( Ao.t.) . . . . . . . . . . . . . Expanded pol ystyrene Spherica l 50 .8 Z 
2 (end brac~ets) . . . . . . . Ga lva nized iron R ing 50 .8 Z 
J (pune ring.) .. .. .. . . G alvani zed iron R ing 36.0 1.4 

1 6 



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 II was 
the hanging coefficient between the horizontal 
strips, which increased downwards, starting 
with the fourth 3trip (between D and I , Figure 
2) so that each strip was shorter than the 
next higher one. Thus, although the hanging 

• Hang ing coe fficient (kh )' rati o o f stretched lengths o f ad jacent 
section s of webbing or rat io o f length o f l ine to stretched length of 
ad jacen t w ebbing (Baranav. 1948; Ben-Yami . 1959; Lusyne. 1959) , 

coefficient at the corklin wa .7 nd th 
at the chain wa O. th 
chain had practically qual I n h. 
reasons for this d ign and th diff r nc in 
the performance achi dare di cu d in d 
tail later in this report. 

B. USE OF MODELS AS AIDS 
IN DESIGN 

In this ection we ive the m th d we u d 
in observing the performance f th in 
models and then discus how th ir I rf rm
ances compared. 

1. Methods of Observing Depths, Sink
ing Rates, and Net Configuration 
The working depth and the sinking speed 

of the models were mea ured by the u e of 
colored, spherica l, pIa t ic fl oats attached to the 
lead line with sections of nylon twine. E ach 
float was ballasted 0 that it sank a ily when 
the depth of the leadline exceeded the length 
of the twine attached to the float. For meas
uring the working depth of the leaclline, a 
number of fl oats, each with a ine slightly 
longer than that of the preceding one, were 
attached to the leadline along a relatively short 
section of midnet. The working d nth was 
e timated to be the mean of the d pth of th 
last float that submerged and the adjac nt one 
that did not sink. Depths in th wing were 
determined with weighted string attached to 
the COl'kline. A diver marked th trings at 
the leadline and mea ur d the di tanc from 
the corkline to the mark . 

o , 
'------'\.~---'--~~ o 

Figure 2.-ModeJ I1---construcrion diagram (see Table 3). 
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Table 3.--Spedfications for Model II (see Figure 2) 

Data. on webbing 

Webbing Tw ine size Hanging codli-
J«lion5 ~h(en~1 tcctched mesh 

Len tht Depth' 
cients (khl' 

Tex American 
(stretched) (st retched) (top edge/ bottom edge) 

Mm . I nrhtl Cm. Cm. 

I 4 40 ~ 
:\I. rlon I i5 2 13. i O. -4 lliT O.S 

~ 
B :\I.rlon 1 i5 2 13.7 0.54 150 172 O.S 

990 -.llL ~ 
C :\I. rlon 17":; 2 I j. 7 O.H 49- 129 1.0 

~ 
P :\!Jrlon 175 2 1.1 i 0 .54 I 00 172 0 .93 5 

_1._0 _ 
E :\1.r1on 175 2 1) .7 0 .54 495 43 0 .9 

(- )' 
F :\I.rlon 175 2 I J.7 0 .54 44- 4 3 0:91 

( - ) 
(, :\la rlon 175 2 I J. 7 0 .54 44 5 43 Q.9 

( - ) 
([ :\larlon 175 2 1).7 0 .5 4 400 4 3 0:91 

(-) 
I \!a rlon 175 2 13. 7 0 .54 1590 4 3 0 .935 

(-) 

J \1 .r1on 1,5 2 13.7 0 .54 1490 4 3 0 .935 

(- ) 
K :\la rlon 175 2 13.7 0.54 1390 43 0:95 

0.7 
L :\!Jrlon 400 6 25.4 1.0 3 80 -1.-0-

16 1 0 .7 
~ I \!arl on 400 6 25.4 1.0 38 m D.7 

(-) , 
~I.l rlon 400 6 15.4 1.0 204 38 Q.9 

(-) 
0 ~brlon 400 6 25.4 1.0 770 38 Q.9 

( - ) 
P \ !arlon 400 6 25.4 1.0 1320 38 Q.9 

Data on lines and bridles 
Item t--

:-- b,e.fI. 1 Diameter Length 
--

• 
h 
c 
d 

I 
~ 

I 

-

J\l illimtltrl JU das 

( "ll,n.) . . .. . ... . B",JeJ n)lon 5.5 3 1 
C1c.dl\H~ ) ........ . .. (;JI\,Jnlzed cha lO 2 .7 ( " ore) (36 links per meter of chain) 33 .8 
(pur (' l,n(') .. .. .. . . BrJIJec.i n) Ion 5.5 >33.8 
(1'11.1',. I ......... ~llon polr34..hule cord 4 (See Fi gure I ) 

- -

ltt:01I 
~!at <Iia l 

(Ro>lo) . . .. . .... Exp.nded polystyrene 
(rnJ brJlL,('1 ) ..... (; .1h ,:m i ltd Iron 

( I'u"e rlnp) . . .... t,~h ~nlzcd Iron 

1 I JoublC' cnUle, inJIl.oItc lOP cd c/boftom eJgC'. 

• I uble <ntfl" inJICOle Ielt eJ~drighl edge 

l):ua on 003t S, brackets, and rings 

Shape 

Mm . 

pheric.1 50 . 
Ring 50. 
R,ng 36.0 

• h . ( 
h rtt'T ,«lion 

... .HW~~ It I pcuhC'J onl)· \\here lhC' lenJ.!'th or an cJ~c represents the ucnomln,:llor of the re~peCll\e lh . 

JC'notC" tholt lht' eJl(t (OflCernni II bCN to .:allother. lon"u stction at a Lh specified (or respeclivt edge of the lalter. 

I. F led ( I," h <,J 10 .he lo~<r ed~. of f. 01 lh =-1- 0 9 ( ee E - bottom edg. and Igur< 2). 

Diameter 

I " , lI ts 

1 
1 
1.4 3 

Thus: Ihe top edge of 



An outboard kiff and a rowboat were u ed 
on a lake in the measurement of the inking 
speed and working depth. The model net was 
tacked on a net-board described by Hunter , 

Aasted, and Mitchell (1966). A drogue-chute 
(small parachute) attached to a buoy erved 
to create the necessary drag to aid in pulling 
the net off from the net-board at the s tart of 
the et. Because of the difficul ty of etting a 
cIo ed circle with a net of this sma ll ize, we 
made each set in a emicircle. 

We mea ured the speed of inking by at
taching three floats to the leadline with length 
of twine slightly Ie s than the working depth 
(190-19 centimeters ). As the net was set, 
three observers with stop watche r ecorded the 
time intervals between entry of each fl oat in 
the water and the submergence of that float. 

Divers ob erved the performance a nd con
figuration of the model net during setting and 
pur ing. They a lso 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 deta il d vi ua l ob
servations a well as to take motion and sti ll 
pictures both from above the surface of the 
water and underwater . 

2. Comparisons of Performa nces 

In our studies, we compared Model I not 
only with Model II but al 0 with the full-size 
commercial eine to see how faithfull y Model 

I imulated the full- iz in that , ru 
upp d to r pre nt. 

a. Comparison of the performances of Mod
el I and the full - size commercial seine. 

inking rat and dept.h of th full- iz pur 
eine w re determin d fr m K, (bathyky

mograph) data (He t 1',1 'I; II . r, a t d, 
and ilkey, 1963). Th e data w r b in d 
on crui es aboard th pur in r s H' tpoint 
and ont B iallco , 1961 and 1 

The sinking performanc f th full- cal 
tuna pur eine and of it cal d-d wn c un-
terpart, Model I, are illu trat d in Figur 
The tim and depth rat for th m d I a1' 
superimpo ed on th tim and d pt.h cal f r 
the f ull- ize sei ne. The mod I d pth cal i: 
25: 1, and the time scale i 5:1 in ace 1'1 with 
net modeling rules (Dick 'on, 1959). 

The model \\'as not ideal. It I adli n ank 
too fa t for exact imulation of th inking 
speed of the original seine, and the mod I fi h d 
s lightly deeper than did th original. Th . 
differ nce were due to th exc w igh f 
th chain on the model. ~ e\' rth I th 
sinking performances of the orig"n al and th 
model " 'ere otherwise clo ely simi lar. 

If the leadline were lighter and th I ad
line kept close to th maximum working d pth, 
however, the allowabl maximum pur inS! 
peed of the model would d crease. Thi d

crea e may be se n from Figure G, \\'h r if 
the magnitude of Vector P i incr a, d or 

SINKING TIME OF MODEL I (secJ 
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Vector W decrea ed, the effect woul d be t 
elevate t he direction of Resultant M. 

The pur ing time for a pur ' ein 77 

T h id a l wight f t h m d 1 chain ull 

1 leI:' . 3, r 
1 

f th ri i n al ba lJa t 

to 800 meters long was 12 to 22 minutes fr m 
the start of pursing until the mom nt when 
the bunched purse rings tarted to ri e. Th 
variation depended upon the condition of th 
set. On the a sumption that Mod I I appr xi
mated the conditions stated for a 2 : 1 mod I 
of a fishing net (Dickson , 1959 ) , the pur ing 
time of the model , tmod, hould relate to th 
pursing time of the full- cale net, tf, a fol
lows : " 

(Dick 11 , 19. ). In M d J I, ih wight f 

tmod 
tf 

Sm 
(1) 

where: Sm is the model scale r, in thi par
ticular case, 25. 

th chain and th ring wa 

full- IZ n t balla t. 

inkin 

1 f that f th 

until 
c r1' ct. 

The purs ing 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-sca le net 25 times its ize. 

b. Comporison of performances of Model I 
and Model II . -- In c m parin th tw m d
I , W inv tigated inking rate pur ing time, 

and net hap. 

! The some formu la may be applied to the sinking 1tme and , w i th 
the substitution o f t by v, to the setting speed of the seiner. 

the tim 
to 1 -1 
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Model II 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 umber 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 m ax imum 
working depth was maintained by Model II 

• These are the designed depths of the twa madels. Designed 
depth depends solely o n ha ng ing coefficient and is the ma ximum 
depth atta inable before mesh d eforma tion a nd conseq uent horizontal 
shortening (p uckering) allow the net to sink deeper. Work ing depth 
(OW ) is usua lly more thon the designed d epth. depending on such 
fa ctors a s si nk ing time, net construction , a nd hori zonta l forces . 

during all pursing stage when pur ing ok 
21/2 minutes or longer. When M d I II wa 
pursed faster - that is, in 1112 minu t 
the leadline tended to rise. 

Figure 5A and B show estimated ctor 
analyses, drawn on tracings of under water 
photographs of Model II, at two differen t 

A w 

w 

B 
Figure 5.-Pursing forces acting on leadline of Model 11 : 

(A) at start of pursing and (B) n ear com· 
pletion of pursing. Symbols : 0 = point 
of leadl ine at which forces act. Force vector. : 
P = pull in purse lin e, R N = pull in net· 
ting, RL = water resistance on leadline, W = 
force of graviry. Resultants: RR = r&

sultan! of RN, RL, and W , M = re.ultant 
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 lead line was caused by 
the pull in the purse line and was opposed 
by the combined effect of ballast, net resistance, 
and leadlme drag. 

Model I (for which no vector analyses 
were made ) achieved its maximum working 
depth only at the end of the pursin g operation 
- that is, when the cOl'kline was bunched to 
a considerable extent. The leadline, however, 
t ended less to rise with exaggerated pursing 
spef'd. 

(3) Net shape.- The vying shapes of 
the two models differed markedly (Figure 6). 
The wing ends of Model II quickly r eached 
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 fi shed deeper, thus 
decreasing the size of the "escape gate." Nev
ertheless, the wing tips of Model II provided 
the smaller gate. 

Figure 8 shows schematically the appr ox
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 (DW) is generally not 
vertical but is measured along the concavity 
of the scooping net wall. 

The shape of Model I changed much mor e 
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 r apidly, whereas the working depth 
(DW ) increased. Model I reached the work
ing depth of Model II only in t he final stages 
of the pursing operation and at the cost of an 
extensive reduction in the area enclosed by 
the net. The LW, or circumference, of each 
model is plotted against DW 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 lead lines 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 

----- MODEL I -- MODEL II 

] ;F------m-----muumm--I 

~ 2 -------c:.---==-==::..::.::.::..:===-:.=:.Ji 2 

~ 3 

~ ~r~ I 

~ t=~·, , : , , , , , _,_ i} , , ' 
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 

WORKING LENGTH (m) 

Figure B.- 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 el ngated 
in Model II (Figures 10 and 11) than in Model 
1. This elongation was due to the increased 
drag of the central part of Model II resulting 
from its tapered design (Baranov, 1948). 
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 (L W) and 
working depth (D W) 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.) 

194 

Figure l1.-"Cuplike" configuration 
in final stage of pursing 
Model II. 



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

II. NEW DESIGN SUGGESTED BY M ODEL 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: 

i. 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. 
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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; F AO, 
1965a; Ben Tuvia, 1961; Brandt, 1964; Grub
is ie, 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 ana lyses 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 detai l 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 lead line, 
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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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. 

2. Changing the kh 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 (kh = 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 r esulted 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 
kh 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 r eason for the fast sinking of the N or-
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c1 cos a 
(2) 

c2 sin a , 

where a = 1;2 t he mesh angle formed by upper 
and lower mesh bars at either side. Deriva
tions of Equation (2 ) and other pertinent net 
equat ions are given by Hamre (1963 ). 

When kh equals 0.60, for example, t he ini
tial DW is twice as great, for when C1 = 0.60, 
then c2 = 0.80. During pursing, however, 
t he C2 of the former more tightly hung net 
can more than double with the bunching of 
the leadline, wher eas the c2 of the latter loosely 
hung net cannot increase much. 

Another performance f actor affected by kh 
is the actual area sur rounded by the purse 
seine during pursing. When kh is large, this 
area decreases rapidly with an increase of DW, 
whereas when kh is small, the original size 
of the enci rcled a rea is maintained for a longer 
t ime, 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 a rea and volume is more im
portant to keep the fish in the seine. In other 
words, which i 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, t he r elative importance of 
sinking speed and pursing depth on the one 
hand and size of the encir cled a rea during purs
ing on the other depend on the species of fish , 
their par ticular behavior under the circum-
tances: and the other fi shing 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 fi sh is not moving, the 
pursing performance and DW seems to be more 
important than the speed of pursing, setting, 
and sinking. When a school is in motion trying 
to escape the net, t he elements of setting and 
sinking speed seem to be the more important. 

• M ullet sometimes esca pe a seine by jumping over the corkl!ne 
(l eslie Sca ll ergood. personal communico lion ) a s d o Ihe Red Sea milk· 
fish (CAtJnoJ (IuJltos). O f two species of luna s imultaneous ly encircled 
In 'he some purse seine sel , the one - long·to il luna ( Thu.nnUl /on" o/) 
- was observed diVing under Ihe lead line wh ile Ihe o lher - lillie luna 
(£., \ •• , . Bi o,,) - slayed in Ihe nel (Ben-Yomi, 1966). 

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 kh) 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 kh 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 II 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. 

2. The high kh at the leadline of the Cali
fornia seine was maintained. 

3. The kh 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 kh = 0.7 at the 
top to kh = 0.9 at the bottom. When 
the breast purse lines have been hauled 
and the wing ends gathered, the nearly 
equal lengths of cork and leadline should 
facilitate the hauling operation where 
power blocks are used. The gradual de
crease toward the bottom in the length 
of webbing strips is designed for the 
better attainment of the bowllike shape 
of the net with minimum waste of netting. 

A design of a tuna purse seine for a larger 
seiner, based on the results of the present 
study and the described design of the Model 
II, is shown in Figure 15 and Table 5. We 
expect this seine to sink faster and to a 
greater depth than the present California purse 
seine without losing its superior pursing per
formance at depth. The table presents only the 
linear dimensions of the different sections of 
the seine. It therefore gives no specifications 
for the mesh size and rope and twine size or 
the other components of the net, these items 
being left to individual preference. 

Following a general trend toward larger 
nets, the proposed design is for a net scaled 
up at a ratio of about 31: 1 from Model II. 
Thus, the full-scale seine will be comparable 
with a 960-meter (525-fathom) California 
purse seine rather than the 777 -meter (425-
fathom net) described by McNeely (1961) 
and FAO (1965a). 

2. Prediction of Sinking Performance 

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

tA tB 
f f 

where: tA 
f 

DA 
f 

; and
D 

Amod 
D (3) 

Bmod 

sinking time of full-scal e 
California tuna purse seine 
at midnet 

sinking time of Model r, 
at midnet 

sinking time of scaled up 
Model II, at midnet 

sinking time of Model II, 
at midnet 

depth reached by full-scale 
seine leadline at the time t 

depth reached by the Mod
el r lead line at the time t 

depth r eached by the 
scaled up Model II lead
line at the time t 

depth reached by the Mod
el II leadline at time t. 

J : 
I I 

ZIPPER ZIPPER 

Figure 15.--Construction diagram of hybrid purse seme. 
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Table 5.-Construction specifications of hybrid net (see Figure 15). 

Webbing Data on webbi ng Webbing Dala on webbi ng 

sections 
Ls Os kh 

sections La O. kh 

Mltus Alt/as M iters M t /as 

40 0 .7 (- ) 

A 10 10/ 40 l.O L 24 0 10.5 0:93 
0.7 ( -) 

B\ 1283 10 .5 1.0 M 224 10.5 0:93 
1.0 ( - ) 

B2 1283 10.5 1.0 N 208 10.5 0:93 
...l..,L ~ 

B3 104 7 10.5 0 .93 0 10.2 10 0 .7 0 .7/ 10. 

..ill... ...Q2. 42.8 ~ 
C I 20 40/ 20 1.0 P 58. 1 7. 1 0 .7 

...Q2. i.=.L 
C2 40 21 1.0 Q 10 10 .2 0 .90 

...l..,L (- ) 
1) 11 8 10.5 0 .93 R 102 10.2 0.90 

i.=-l (-) 

E 110 10.5 0 .93 S 94 10.2 0.90 

(-) (- ) 

F 109 10 .5 ~ T 200 10 .2 0 .90 

( - ) (- ) 

G 101 10.5 0:93 U 193 10.2 0 .90 

( -) (- ) 
H 248 10.5 ~ V 20 10.2 0 .90 

J...=.l 28.6 0.7 
I 231 10 .5 0 .93 W 42 .8 7. 1 0.7 

( - ) 0.7 

J 215 10.5 0:93 X 10.2 20 0:7 1.0/ 0.7 

(-) 
K 259 10.5 ~ 

Data on lines Data on lines 
L ines L ines 

Lenglh Leng1.h 

Alt /as Alt/as 

a 968 d 41 
b 9 14 e 14 
c 7 r 30 

Key: Ls = strelched len glh 0 1 webbing. 
O s = st relched deplh of webbing. 
kh = hangi ng coefficienl (Ls/Lcork or Ls/Llead ). 
( -) = denotes th at the edge concerned js laced to another, longe r section at a kb specified for respective edge of the latter. 
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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 lead line 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 kh' 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 semmg oper
ations should be carried on a long the fol
lowing lines: 

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

b. Resea rch into the behavior of fi sh in the 
immediate vicinity of, or encircled by 
purse seines, by means of direct obser
vations by SCUBA divers and s bmarine 
vehicles, aircraft, 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. 
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SUMMARY 
Purse seines have been the object of com

paratively little technological research, despite 
the f act that they t ake 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 coefficients 
(kl1) fl'om 0.7 at the top to 0.9 at the bottom, 
intl'oducing gavels, and tapering the body. 
Total size, ballast , and materia ls of construc
tion were not changed. 

Comparative test s indicated that Model II 
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 horizonta l strains on the 
net in Model II than in Model I. 

Scale comparisons of the performances of 
Model I 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 kh is probably the most 
important design variable affecting sinking 
speed, area encircled, and pursing perform
ance. Low kh 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. 

ACKNOWLEDGMENTS 

The San Diego Department of Utilities and 
the U. S. Department of Navy, Submarine Flo
tilla One, Ballast Point, San Diego, California, 

204 

supplied assistance during testing and water 
basins adaptable to model-net tests. 



REFERENCES 

[ * not cited in text] 

Andreev, N. 
1959. Teoriya lova ryby koshel 'kovymi 

nevodami (The theory of purse sein
ing ). Trudy Vsesoyuznogo Nauchno
Issledovatel 'skogo Instituta Morskogo 
Rybnogo Khozyaistva i Okeanografii 
(Trudy VNIRO) 41: 114-123. In 
Russian. 

Baranov, F. 1. 
1948. Teoriya i raschet orudii rybolovsta 

(Theory and design of fishing gear ). 
Pishchepromizdat, Moscow, 436 pages. 
In Russian. 

Ben Tuvia, A. 
1961. Catch per unit of effort of Sa1'di

nella aW'ita along the coast of Israel 
during the years 1950-59. General 
Fisheries Council for the Mediterra
nean, Proceedings and Technical Pa
pers No.6, pages 271-278. 

Ben-Yami, Menachem. 
1959. Study of the Mediterranean trawl 

net. I n Modern fishing gear of the 
world, edited by Hilmar Krist jonsson, 
pages 2J 3-221. Fishing News (Books ) 
Ltd. , London. 

1966. Observations on the distribution 
and behaviour of pelagic fish in the 
southern Red Sea. Ministry of Agri· 
culture, Department of Fisheries, 
Haifa, Israel , 16 pages [Processed.] 
Also : Sea Fisheries Research Station, 
Haifa, Bulletin (in press). 

Brandt, Andres von. 
1964. Fish catching methods of the world. 

Fishing News (Books ) Ltd ., London, 
191 pages. 

Dickson, W. 
1959. The use of model nets as a method 

of developing trawling gear. I n Mod
ern fishing gear of the world, edited 
by Hilmar Kristjonnson, pages 166-
174. Fishing News (Books ) Ltd. , 
London. 

Dieuzeide, R. , and M. Novella. 
1953. Le materiel de peche maritime 

utilise en Algerie. Documents et 
Renseignments Agricoles 179, Alger: 
1-274. 

DuPlessis, C. G. 
1959. Fishing with South African pursed 

lampara. I n Modern fi shing gear of 
the world, edited by Hilmar Krist jon
sson, pages 391-393. Fishing News 
(Books ) Ltd., London. 

Food and Agriculture Organization of the 
United Nations. 

* 

1965a. Catalogue of fi shing gear designs. 
Food and Agriculture Organization of 
the United Nations, Rome, Italy, 24 
pages plus appendix of data sheets and 
plans (irregular pagination). 

1965b. Yearbook of fishery statistics, vol
ume 18. Catch and landings, 1964. 
Food and Agriculture Organization of 
the United Nations (irregular pagi
nation) . 

Fridman, A. S. 

* 

1964a. Opredelen ie uslovii podobiya r ybo
lovnykh orudi i i osnovnye napravleniya 
dal 'neishikh issledovanii dlya obosno
vaniya metodiki modelirovaniya (De
termination of the conditions of simi
larity of fishing gear and main trends 
in the further studies in devising meth
ods of models construction). Trudy 
Kaliningradskogo Tekhnicheskogo In
stituta Rybnoi Promyshlennosti 
Khoziaistva (17): 129-146. 

1964b. Proektirovanie orudii promyshlen
nogo rybolovsta metodami teorii po
dobiya (The theory of similarity as 
a means of designing commercial 
fi shing gear ). Trudy Kaliningrad
skogo Tekhnicheskogo Instituta Rybnoi 
Promyshlennosti i Khoziaistva (17): 
147-159. 

205 



Fridman-Continued 
* 1964c. Usloviya podobiya rybolovnykh 

orudi i (Conditions of similarity of 
fi shing gear ). Trudy Kaliningrads
kogo Teknicheskogo Instituta Rybnoi 
Promyshlennosti i Khoziaistva (18) : 
181-199. 

Fry, Donald H ., Jr. 
1931. The ring net, ha lf ring net, or purse 

lampara in the fi sheri es of California. 
California Division of Fish and Game, 
Fish Bulletin 27, 67 pages. 

Galea, J. A. 
1961. The "Kannizzati" fi shery. General 

Fisheries Council for the Mediterra
nean, Proceedings and Technical Pa
pers o. 6, pages 85-91. 

Green, Roger E. 
1964. Norwegian bluefin tuna seines. 

Faster sinking, faster hauling than 
U. S. nets. Pacific Fisherman 62 (1) : 
10-11. 

1967. Relationship of the thermocline to 
success of purse seining for tuna. 
Transactions of the American Fisher
ies Society 96 (2): 126-130. 

Green, Roger E., and Gordon C. Broadhead . 
1966. Costs and earnings of tropical tuna 

vessels based in California . U. S. Fish 
and Wildlife Service, Fishery Indus
trial Research 3 (1): 29-45. 

Grubisic, F. 
1961. Length of purse-seine and size of 

sard ine schools. General Fisheries 
Council for the Mediterranean, Pro
ceedings and Technical Papers No.6, 
pages 233-235. 

Hamre, J. 
1963. Some technological aspects of the 

Norwegian tuna purse seine fishery. 
Fiskeridirektoratets skrifter Serie Ha
vunderskelser 13(6 ): 106-119. 

Hester, F. J. 

206 

1961. Tuna seines : how deep? P acific 
Fisherman 59 (12 ): 19-20. 

Hester, Frank J ., Donald C. Aasted, and Robert 
W. Gilkey. 

1963. The bathykymograph, a depth-time 
recorder. U. S. Fish and Wildlife 
Service, Special Scientific Report -
Fisheries, 441, 5 pages. 

Hester, Frank, and John H. Taylor. 
1965. How tuna see a net. Commercial 

Fi heries Review 27 (3): 11-16. 

Hunter, John R. , Donald Aasted, and 
harles T . Mitchell. 

1966. Design and use of a miniature 
purse seine. Progres ive Fish-Cul
turist 2 (3): 175-179. 

Iitaka, Yuno uke. 
195-. Model experiments on the sardine 

pur e eine operating in Hyuganada 
- III. Bulletin of the Japanese So
ciety of Scientific Fisheries 21 (7) : 
459-462. 

J akobsson, J. 
1964. Recent developments in Icelandic 

herring pur e seining. I n Modern 
fi hing gear of the world 2, "arranged 
by the Technical Staffs of Fishing 

ews International and Fishing News 
from the papers and discu sions at 
the Second FAO World Fishing Gear 
Congress, London, 1963," pages 303-
304. Fishing News (Books) Ltd., 
London. 

Kawakami, T[usae]. 
1959. Development of mechanica l studies 

of fishing gear. I n Modern fishing 
gear of the world, edited by Hilmar 
Krist jonsson, pages 175-184. Fishing 

ews (Books ) Ltd. , London. 

1964. The theory of designing and testing 
fishing nets in model. I n Modern 
fishing gear of the world 2, "arranged 
by the Technical Staffs of Fishing 
News Internationa l and Fishing News 
from the papers and discussions at the 
Second FAO World Fishing Gear Con
gress, London, 1963, "pages 471-481. 
Fishing News (Books) Ltd., London. 



Lusyne, P. A. 
1959. Some considerations on netmaking. 

In Modern fishing gear of the world, 
edited by Hilmar Krist jonsson, pages 
102-106. Fishing News (Books ) Ltd., 
London. 

Lyles, Charles H . 
1967. Fisher y statistics of the United 

States, 1965. U. S. Fish and Wildlife 
Service, Statistical Digest 59, 756 
pages. 

McN eely, Richard L. 
1961. Purse seine revolution in tuna fish

ing. P acific Fisherman 59 (7) : 27-58. 

Nakamura, Hideo, and Shuzo Igarashi. 
1964. Studies on the fi sher y of mackerel 

by purse seines on the sea off south
west Hokkaido. 4. Sta tistical inves
tigation about t he structures of two
boat type purse seine on Ishikari Bay, 
and a prelimina r y experiment on the 
r epresentative model net. Bulletin of 
the F aculty of Fisheries, Hokkaido 
Univer sity 15 (3): 157-1 68. In J ap
apenes with E nglish abstract. 

Robas, J ohn S. 
1959. Menhaden purse seining. In Mod

ern fishing gear of t he world, edited 
by Hilmar Krist jonsson, pages 394-
399. Fishing News (Books) Ltd., 
London. 

Schaefer, Milner B. 
1962. Report on the investigations of the 

Inter-American Tropica l Tuna Com
mission for the year 1961. Inter-

American Tropical Tuna Commission 
Annual Report for t he year 1961, Ap
pendix A: 44-103 (in E nglish) , 104-
171 (in Spanish) . 

Schmidt, P eter G. 
1959. The puretic power block and its 

effect on modern purse seining. In 
Modern fishing gear of t he world, ed
ited by Hilmar Krist j onsson, pages 
400-413 (see page 404 and Figure 4 ) . 
Fishing News (Books ) Ltd., London. 

Scofield , W. L. 
1951. P urse seines and other r oundhaul 

nets in California . California Depart
ment of Fish and Game, F ish Bulletin 
81, 83 pages. 

Tate, Merle W., and Richard C. Clelland. 
1957. Nonparametric and shortcut sta

tistics in the social, biological , and 
medical sciences. Interstate Printers 
and Publishers, Inc., Danville, Ill inoi , 
171 pages (see page 12). 

Thomson, D. B. 
1967. The N. American and European 

purse seine types compm·ed. 'lIT orld 
F ishing 16 (6): 78-79. 

Vinogradov, N. N. 
1950. Skorost' pogruzheniya nizhnei pod

bory koshel 'kovykh nevodov (The 
sinking speed of purse seines' lead
lines ) . Trudy Azovo-Chernomorskogo 
N auchno-Issledovatel 'skogo Instituta 
Morskogo Rybnogo Khozyai tva i 
Okeanografii (Trudy AzChel'NIRO) 
14, pages 23-28. (Not een by the 
authors.) 

MS #1758 

207 



MA USCRIPTS APPROVED 

FOR PUBLICATION IN FISHERY INDUSTRJAL RESEARCH 

C 0 TEC o OG 

B C 0 REPOR S 



SUGGESTIONS TO AUTHORS W IN 

by F. Bruce Sanford, len Bal 

A. APPROACH 

Write your paper for a reader who has had adva ed 
scientific training. Organize and write it in such a ay 
that he can read it rapidly, yet understand it the first 
through. 

B. COMPONENTS OF THE PAPER 

1. Title 

Select a title that reveals the overall purpose of your 
research. When appropriate, include scientific names of 
species. 

2. Abstract 

Make the abstract semidescriptive: tell what the report 
is about, and end with a statement of your overall conclusion. 
(This conclusion will answer the question stated, or implied, 
by your overall purpose.) Keep the abstract short, but do 
not use the tide of the paper as the assumed antecedent 
of otherwise irreferable pronouns. 

3. Table of Contents 

Include a table of contents. 

4. Introduction 

In the introduction, (1) orient the reader to your over· 
all purpose, (Z) state the purpose explicitly, (3) orient 
the reader to the subpurposes, and (4) end with a listing 
of the subpurposes. 

Include in each orienting discussion all the important 
words that will occur in the subsequent statement of purpose. 
Avoid unnecessary reviews and economic data. 

When stating the overall purpose, include a word such 
as "purpose" so that the reader can quickly identify the 
statement for what it is. 

5. Main Divisions 

Do not use such generalized divisions as "ExperimentaL" 
Instead, be specific by making the main divisions of the 
paper correspond to the main divisions of your research
Experiment I, Experiment II, and so on. Give each ex· 
periment a specific tide so that the reader will gain imme· 
diate insight into the scope of the experiment. 

For main divisions, do not use "Materials," "Procedures," 
and "Results" (except when, as is rare, your paper reports 
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. Materials and methods.-Describe in detail the rna· 
terials and the methods used in your first experiment. If 
the materials and methods used in succeeding experiments 
are similar to those in the first, merely describe the dif· 
ferences when you report the succeeding experiments. 

If a method includes several closely consecutive steps, 
number them and write out the steps; use the active voice 
-for example, " In the separation of acids from the aqueous 
phase, the analyst: 

1. Neutralized a I·milliliter portion of the aqueous 
layer to a pH of 10 with 0.1 N NaOH. 

Z. Transferred the neutralized solution to Flask A . 

3. Placed Flask A in a bath . . , " 

h. Results.-Report all numerical data in tables 
graphs--avoid cluttering the text with numbers. In t e 
discussion of results, do not repeat the data that' are c 
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 unneces 
tables of raw data. 

FOR FISHERY INDUSTRIAL RESEARCH 

in, and Mary S. Fukuyama 

6. Conclusions 

Draw conclusions from your results. Make sure that 
the overall conclusion and the subconclusions correspond 
with your overall purpose and subpurposes. P resent the 
conclusions in logical sequence. 

7. Summary 

End the report with a summary. Make the summary 
quantitative, not merely descriptive. If the report is short, 
end it with "Summary and Conclusions." If it is long, 
separate the two. 

8. Acknowledgment 

Avoid titles of individuals--such as mister, doctor, or 
professor. Simply acknowledge the assistance received. 

9. literature Cited 

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

C. MECHANICS 

1. Abbreviations 

Avoid abbreviations unless you have compelling reason 
to use them-for example, if you lack space in your tables. 
If you use abbreviations, use the ones standard in your 
discipline. End the abbreviation with a period. See the 
latest issue of Fishery Industrial R esea?·ch. 

2. English Usage, Punctuation, and Capitalization 

Meticulously fo llow established practice in grammar, 
punctuation, a nd capitalization. For precise, forceful state· 
ments, use pen on al pronouns where appropriate and thereby 
avoid illogica l constructions or ambiguities. 

3. Headings 

Use the system of headings shown in the latest edition 
of Fishery Industrial R esearch. 

4. Numbers 

Use Arabic numbers unless you have a compelling reason 
to use Roman numbers or to write the numbers out. S ee 
the latest issue of Fishe?'Y Industrial R esearch. 

5. Tables and Graphs 

a. Tables.-Number each table and give it a title. (The 
title, placed at the top of the table, is a b rief statement 
of such applicable referents as the nature, classification, 
or chronology of the information presented, and the poli to 
ical division, geographical area, or physical plant to which 
the data refer. These points are sometimes referred to 
as the "what," "how classified," "when," and "where" of 
the table. ) Do not place a period at the end of the title. 
When headings apply to information in more than 1 col. 
umn, word them so that they reveal the meaning of the 
data in all columns covered. Place all units of measurement 
over figure columns, and underline. Separate all columns 
with vertical lines, but use horizontal lines and footnotes 
sparingly. Place each table on a separate page. See the 
latest issue of Fishery Industrial R esearch. 

b. Graphs.-Number each graph. Place the title at 
the bottom of the graph, and end it with a period. In 
wording the title, follow the suggestions for titles of tables. 
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 Fishery Industrial R esear ch. 

G P O 994· 687 



CONTENTS 

Page 

Shrimp-behavior studies underlying the development of the electric shrimp-trawl system, by Edward 
F. Klima .... .......... ....... . ............ ..... .... ...... .... ... ........ ...... 165 

Designing an improved California tuna purse seine, by M 'Na hem Ben Yami and oger E Green 183 

UNITED STATES 

DEPARTMENT OF THE INTERIOR ~STAGE AND FEES rAID 

u . S. DEPAITM.ENl aF THE INlEI IOI 
FISH AND WILDLIFE SERVICE 

BUREAU OF COMMERCIAL FISHERIES 

BRANCH OF REPORTS 

BLDG. 67, U. S. NAVAL AIR STATION 

SEATTLE, WASHINGTON 98115 

OFFICIAL BUSINESS 

~eturn this sheet to above address, if you 

lo NOT wish to receive this material 0, 
)r if change of address is needed 0 (indi
:ate change and give Zip Code). 

p OF THS . f " 
F CO " ~ R " 

R u, . 

.~ n 1 P ~ - R 
L F ~ H::.H . £ S 

I ~H . 9 1.01. 
A F 


	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051

