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|
)
| Monitor 70
E 0 = Hook]| 1.3
e £ .
175 N /
—— l 250 : 280 S
onitor Room (Unit:mm)
< 360 >

(Unit:cm)
j :f <4+— Video Camera

Fig. 1-1. Schematic drawing of the equipment used for the water tank experiment.
Main line (a) and branch line (b) were hanged at the center of the water tank. The
squids were hooked on the hook (c). The movements of squids in the water tank

were recorded by a video camera which was set in front of the water tank.
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1 Basket

70

200 f

Fig. 2 Schematic drawing of the long line fishing gear of Dong-a.
a : float(D:150 mm), b : main line(L:50 m, D:1mm),
c : float line(L:25 m, D:2mm), d : branch line(L:0.7 m, D:1mm),
e : sinker line(L:5 m, D:2mm), f : hook(H:24 mm),
g : sinker(W:1.5 kg)
D : Diameter, L : Length, H : Height, W : Weight
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Fig. 1-3. Squid hand line.
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diameter: 1.05~1.17mm
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(b)
Fig. 1-4. Photograph of the ways to hook squid.

(@): hooked at mantle

(b): hooked at funnel
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Table 1-1 Length and weight of squids used in this study according to hooking

position

Hooking

Length Weight

(9)

(cm)

) Position

100

(cm)
25

Position

1 23 100

Funnel

1

Mantle

60

20

75

22

75

23

75

23

100

24

80

22

80

23

100

24

110

24

75

23

100

24

87.5

22.8

Average

23.3 86.4

Average
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Fig. 1-5. Movement characteristics of the squid. In this figure, black filled circles

show the state of the squid. Upper side is indicated the moving squid. Lower side is
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indicated the static squid.
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Fig. 1-7. Distance of the squid that has moved from the origin. In this figure, black
dotted line is indicated horizontal component and black solid line is indicated

vertical component.
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Fig. 1-8. Distance of the squid that has moved from the origin. In this figure, black

dotted line is indicated horizontal component and black solid line is indicated

vertical component.
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Fig. 1-9. Distance of the squid that has moved from the origin. In this figure, black

dotted line is indicated horizontal component and black solid line is indicated

vertical component.
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Fig. 1-10. Distance of the squid that has moved from the origin. In this figure, black

dotted line is indicated horizontal component and black solid line is indicated

vertical component.
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Fig. 1-11. Distance of the squid that has moved from the origin. In this figure, black

dotted line is indicated horizontal component and black solid line is indicated

vertical component.
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Fig. 1-12. Distance of the squid that has moved from the origin. In this figure, black
dotted line is indicated horizontal component and black solid line is indicated

vertical component.
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Table 1-2  Classification of behavioral patterns observed during this study

Pattern Description

The squid tried to remove the hook and pulled the line strongly. The
PT1
branch line was stretched in this behavioral pattern only.

PT2 The squid moved up and down periodically.

PT3 The squid moved horizontally while turning its body.

The squid moved obliquely upward and downward and the speed of
PT4
climbing was faster than that of descending.

PT5 The squid kept its body axis horizontal while it moved vertically.

gelel wolz  we Wele $F (lsh w) % Fe w9
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Narrow Movement

@ = Mantle Length

Wide Movement

@=Mantle Length

Fig. 1-14. Classification of movement range: narrow movement (N) is defined as squid
movement inside a circle within the diameter of its mantle length; wide movement (W)
is defined as movement that exceeds the circle. The red line circle shows the range

within the diameter of the squid’s mantle length.
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Fig. 1-15. Example of behavioral pattern of PT1-W. In this figure, each line with a
black filled circle shows the position of the mantle. Black solid lines indicate body
axes and the opposite end of the line shows the position of the funnel. And the red

circles show the center of the squid and red lines show the moving track.
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10cm

PT2-W

Fig. 1-16. Example of behavioral pattern of PT2-W. In this figure, each line with a
black filled circle shows the position of the mantle. Black solid lines indicate body
axes and the opposite end of the line shows the position of the funnel. And the red

circles show the center of the squid and red lines show the moving track.
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End

PT3-W

Fig. 1-17. Example of behavioral pattern of PT3-W. In this figure, each line with a
black filled circle shows the position of the mantle. Black solid lines indicate body
axes and the opposite end of the line shows the position of the funnel. And the red

circles show the center of the squid and red lines show the moving track.
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PT4-W

Fig. 1-18. Example of behavioral pattern of PT4-W. In this figure, each line with a
black filled circle shows the position of the mantle. Black solid lines indicate body
axes and the opposite end of the line shows the position of the funnel. And the red

circles show the center of the squid and red lines show the moving track.
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Fig. 1-19. Example of behavioral pattern of PT5. In this figure, each line with a black
filled circle shows the position of the mantle. Black solid lines indicate body axes and
the opposite end of the line shows the position of the funnel. And the red circles show

the center of the squid and red lines show the moving track.
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Fig. 1-20. Changes in the squid’s horizontal and vertical components of position and

distance from the start according to time. The periodicity of the wide movement when

it was hooked at the funnel was much clearer than when hooked at the mantle.
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Fig. 1-21. Appearance frequency of movement patterns when the squid was hooked
at the funnel. Analyzed parts are shown as red dotted squares with their assigned

numbers.
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Fig. 1-22. Appearance frequency of movement patterns when the squid was hooked
at the funnel. Analyzed parts are shown as red dotted squares with their assigned

numbers.
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Fig. 1-23. Appearance frequency of movement patterns when the squid was hooked at

the funnel. Analyzed parts are shown as red dotted squares with their assigned numbers.
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Fig. 1-24. Moved distance of horizontal and vertical components and their
compositions for FFT analysis of squid movement. Numbers with symbols are

assigned by analyzed data sets shown in Fig. 1-21.
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Fig. 1-25. Moved distance of horizontal and vertical components and their
compositions for FFT analysis of squid movement. Numbers with symbols are

assigned by analyzed data sets shown in Fig. 1-22.
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Fig. 1-26. Moved distance of horizontal and vertical components and their
compositions for FFT analysis of squid movement. Numbers with symbols are

assigned by analyzed data sets shown in Fig. 1-22.
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Fig. 1-27. Moved distance of horizontal and vertical components and their
compositions for FFT analysis of squid movement. Numbers with symbols are

assigned by analyzed data sets shown in Fig. 1-23.
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Fig. 1-28 Averaged amplitudes of horizontal and vertical components and their
compositions for 10 sample times obtained from FFT analysis of squid movement.

Numbers with symbols are assigned by analyzed data sets shown in Fig. 1-21.
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Fig. 1-29. Averaged amplitudes of horizontal and vertical components and their
compositions for 10 sample times obtained from FFT analysis of squid movement.

Numbers with symbols are assigned by analyzed data sets shown in Fig. 1-22.
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Fig. 1-30. Averaged amplitudes of horizontal and vertical components and their
compositions for 10 sample times obtained from FFT analysis of squid movement.

Numbers with symbols are assigned by analyzed data sets shown in Fig. 1-22.
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Fig. 1-31. Averaged amplitudes of horizontal and vertical components and their
compositions for 10 sample times obtained from FFT analysis of squid movement.

Numbers with symbols are assigned by analyzed data sets shown in Fig. 1-23.
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Fig. 1-32. Amplitudes of horizontal and vertical components and their compositions

for 2 times data obtained from FFT analysis of squid movement.
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Table 1-3  Appearance frequencies of the movement patterns of squids respectively

Behavioral frequencies (time (s) and percentage of total time (%))

sauidNo. PTI-N  PT1-W  PT2-N PT2-W  PT3-N  PT3-W PT4-N PT4W  PTS ETC Total
M1 - - 1114(92.8)  46(3.8) - - 24(2.0) - - 16(1.4)  1200(100)
M2 - 52(4.3) 721(60.1)  360(30.0) - - 10(0.8)  2(0.2) - 55(4.6)  1200(100)
M3 - - 1200(100) - - - - - - - 1200(100)
M4 33(2.8) 31(2.6)  895(74.5) - 19(1.6)  69(5.8) - 3(0.2) 134(11.1) 16(1.4)  1200(100)
M5 - 21(1.8) 643(53.6) 298(24.8) - - - 18(1.5) - 220(18.3) 1200(100)
M6 94(7.8)  46(3.9) 1060(88.3) - - - - - - - 1200(100)
M7 62(52) 50(4.2) 1065(88.7) - - - - - - 23(1.9)  1200(100)
Total  189(2.3) 200(2.4) 6698(79.8) 704(8.5)  19(0.2)  69(0.8) 34(0.4) 23(0.3) 134(15) 330(3.8) 8400(100)
F1 14(1.2)  7(06)  21(1.8)  700(58.3) - - - - 250(20.8) 208(17.3) 1200(100)
F2 83(6.9) 21(1.8) 408(34.0)  366(30.5) - - - - 234(19.5)  88(7.3)  1200(100)
F3 - 22(1.8) 415(34.6)  319(26.6) - - - - 316(26.3) 128(10.7) 1200(100)
F4 35(2.9) 23(1.9) 267(22.3)  745(62.1) - 14(1.2) - - 55(4.6)  61(5.0)  1200(100)
F5 - 8(0.7)  908(75.7)  245(20.4) - 10(0.8) - - - 29(2.4)  1200(100)
F6 83(6.9) - 470(39.2)  274(22.8) 159(13.3) - - - - 214(17.8) 1200(100)
Total  215(3.0) 81(L.1) 2489(34.6) 2649(36.8) 159(2.2) 24(0.3) - - 855(11.9) 536(7.4) 7200(100)

M and F show hooking position of the squid at the mantle and funnel, respectively
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Fig. 2-1. Schematic drawing of the experimental equipment used for the water tank
tests. The experimental section was divided into recording area and domestication area.
The bait was controlled by a motor control system (a, b, ¢ and d). The movements of
red sea bream in the water tank were recorded by a video camera which was set on
the top of the water tank. (a): motor, (b): motor driver, (c): power supply, (d): personal

computer with D/A interface, (€): monitor.
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Fig. 2-2. Schematic drawing of the experimental equipment’s used for the water tank
tests. The bait was controlled by a motor control system (a, b and c). The movements
of red sea bream in the water tank were recorded by a video camera which was set
on the top of the water tank. (a): motor, (b): motor driver, (c): position control system,

(d): monitor.
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Table 2-1 Physical characteristic of the red sea breams which were used with the

water tank experiments

Number of Red sea

breams Length (cm) Weight (g)
July 1 40.1 810
Experiment 2 40.5 1230
3 40.7 1240
4 38.9 1080
5 38.2 1020
6 44.7 1120
Average 40.5 1083
October 1 425 1200
Experiment 2 41.8 1170
3 43.3 1310
4 43.5 1160
5 43.6 1210
6 43.2 1120
Average 43.0 1195
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Table 2-2  Physical characteristics of the red sea breams which were used with the

water tank experiments

Number of Red sea

breams Length (cm) Weight (g)

Frequency 1 45.3 1520
Experiment 2 45.0 1520
3 41.3 1320

4 42.5 1350

5 40.4 1280

6 415 1300

7 42.3 1310

8 41.9 1300

9 43.9 1430

10 42.2 1340

Average 42.6 1367
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(b)

(c)
Fig. 2-3. Photograph of targets used in the experiments.

(a): Weight, (b): Lure, (c): Squid
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Fig. 2-4. Flowchart showing the processes of the preparation water tank experiment.
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Fig. 2-5. Flowchart showing the processes of the water tank experiment.
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Fig. 2-6. Behavior sequence chart for red sea bream.
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(@)

m
<2

(b)

Fig. 2-8. Example of movement patterns of red seabream seen from above. In these
figures, black filled circles show the position of the head of red seabream at 1 second
intervals. The dotted line circle indicates the body length (0.5 BL) of the red seabream.
And solid line circle indicates the body length (1 BL) of the red seabream. The red
circle indicates the position of the target.

(@), (b): movement pattern of free swimming (FSW)
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(b)

Fig. 2-9. Example of movement patterns of red seabream seen from above. In these
figures, black filled circles show the position of the head of red seabream at 1 second
intervals. Diamond symbols indicate the position of the head of the seabream at 0.5
second intervals. The dotted line circle indicates the body length (0.5 BL) of the red
seabream. And solid line circle indicates the body length (1 BL) of the red seabream.
The red circle indicates the position of the target.

(@): movement pattern of Approachl (APP1)

(b): movement pattern of Approach2 (APP>)
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(b)

Fig. 2-10. Example of movement patterns of red seabream seen from above. In these
figures, black filled circles show the position of the head of red seabream at 1 second
intervals. Diamond symbols indicate the position of the head of the seabream at 0.5
second intervals. The dotted line circle indicates the body length (0.5 BL) of the red
seabream. And solid line circle indicates the body length (1 BL) of the red seabream.
The red circle indicates the position of the target.

(a): movement pattern of taste (TST)

(b): movement pattern of incomplete bite (ICB)

87



Water tank

1.5BL : Connecting 1.8BL

zone of feeding
behavior

Target

Free swimming
zone

Free swimming
zone

Fig. 2-11. Schematic drawing of the feeding behavior evaluation. The red circle

indicates the position of the target.
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Fig. 2-12. Total score obtained of respective targets in summer experiment. MT is
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Table 2-3 Numerical values assigned to behaviors

Behavior patterns

A Description Value
in this study
Swimming towards the bait. The approach area ranges from more than 1/2BL to and less than 1BL from a
Approachl target 1
Approach2 ﬁ(\;\(/jl)r/nmlng towards the bait. The approach area is less than 1/2BL from a target. The bait is touched by 15
Taste Touching the bait with the lips. 2
Incomplete bite Sucking the bait into the mouth. But the whole bait is never within the closed mouth. 3
Behavmur pattern Description Value
by Ferno
Approach Swimming towards the bait while looking at it and turning before touching the bait. 1
Touching the bait with the trailing barbel or lips. If tasting was followed by bite or incomplete bite, it had
Taste : 2
to last at least two seconds in order to be recorded.
Incomplete bite Differs from bite in that the whole bait is never within the closed mouth, either because the fish takes only 3
P a part of the bait in the mouth or because the mouth is not completely closed.
Bite Sucking the bait into the mouth. 4
Jerk A rapid movement of the head with the bait in the mouth, typically directed to the side. 5
Pull Swimming around with stretched snood with the bait in the mouth. 5
Chew Manipulating the bait in the mouth with chewing movements. 5
Several rapid lateral movements with head and body while the bait is in the mouth. Cod show this behavior
Shake : 5
pattern when separating the softer part of a mussel from the shell.
Rush Swimming rapidly forward with bait in mouth. 6
Hooking The hook is retained in the mouth for at least 20s while the fish fights violently. 7
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Table 2-4 Appearance frequency of the respective movement patterns of red sea bream (Summer Experiment)

Case Appearance times (total score) Case Appearance times (total score)

Number APP; APP,  TST ICB Total Number APP; APP; TST ICB Total
No.1(SW) 3(3) 2(3) - - 5(6) No.1(MW) 2(2) 4(6) - - 6(8)
No.2(SW) 4(4) 1(1.5) - - 5(5.5) No.2(MW) 5(5) 2(3) - - 7(8)
No.3(SW) 2(2) 6(9) - - 8(11) No.3(MW) 1(1) 13(19.5) - - 14(20.5)
No.4(SW) 4(4) 5(7.5) - - 9(11.5) No.4(MW) 8(8) 6(9) - - 14(17)
No.5(SW) - - - - - No.5(MW) 8(8) 3(4.5) - - 11(12.5)
No.6(SW) 6(6) - - - 6(6) No.6(MW) 7(7) - - - 7(7)
No.1(SL) 2(2) 2(3) - - 4(5) No.1(ML) 2(2) 2(3) - - 4(5)
No.2(SL) 4(4) 1(1.5) - - 5(5.5) No.2(ML) 4(4) 4(6) - - 8(10)
No.3(SL) 2(2) 3(4.5) - - 5(6.5) No.3(ML) 8(8) 2(3) - - 10(11)
No.4(SL) 5(5) 2(3) - - 7(8) No.4(ML) 4(4) 8(12) - - 12(16)
No.5(SL) 4(4) - - - 4(4) No.5(ML) 8(8) 3(4.5) - - 11(12.5)
No.6(SL) 6(6) - - - 6(6) No.6(ML) 5(5) 4(6) - - 9(11)
No.1(SS) 7(7) - - - 7(7) No.1(MS) 5(5) 5(7.5) - - 10(12.5)
No0.2(SS) 4(4) 5(7.5) - - 9(11.5) No.2(MS) 6(6) 11(16.5) - - 17(22.5)
No0.3(SS) 2(2) - - - 2(2) No.3(MS) 2(2) 6(9) - 2(6) 10(17)
No0.4(SS) 3(3) 5(7.5) - - 8(10.5) No.4(MS) 3(3) 10(15) - - 13(18)
No0.5(SS) 2(2) 1(1.5) - 1(3) 4(6.5) No.5(MS) 7(7) 4(6) - 11(13)
No0.6(SS) 5(5) 1(1.5) - - 6(6.5) No.6(MS) 8(8) 1(1.5) - - 9(9.5)

Total 65(65) 34(51) - 1(3) 100(119) Total 93(93) 88(132) - 2(6) 183(231)

SW: Static weight, SL: Static Lure, SS: Static squid. MW: Moving weight, ML: Moving Lure, MS: Moving squid.
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Table 2-5 Appearance frequency of the respective movement patterns of red sea bream (Autumn Experiment)

Case Appearance times (total score) Case Appearance times (total score)

Number APP; APP,  TST ICB Total Number APP; APP; TST ICB Total
No.1(SW) 2(2) 1(1.5) 3(3.5) No.1(MW) 3(3) 5(7.5) 8(10.5)
No.2(SW) 8(8) 3(4.5) 11(12.5) No.2(MW) 5(5) 2(3) 1(2.5) 8(10.5)
No.3(SW)  12(12) 5(7) 17(19.5) | No.3(MW)  12(12)  7(10.5) 19(22.5)
No.4(SW) 1(2) - 1(2) No.4(MW) 3(3) - 1(2.5) 4(5.5)
No.5(SW) 4(4) 1(1.5) 5(5.5) No.5(MW) 8(8) 1(1.5) 9(9.5)
No.6(SW) 6(6) - 6(6) No.6(MW)  11(11) 1(1.5) 12(12.5)
No.1(SL) 3(3) 1(1.5) 4(4.5) No.1(ML) 5(5) 2(3) - 7(8)
No.2(SL) 1(2) 1(1.5) 2(2.5) No.2(ML) 3(3) 5(7.5) 1(2) 9(12.5)
No.3(SL) - - No.3(ML) 10(10) 2(3) 12(13)
No.4(SL) - 5(7.5) 5(7.5) No.4(ML) 3(3) 2(3) 5(6)
No.5(SL) 7(7) 7(7) No.5(ML) 12(12) 12(12)
No0.6(SL) 7(7) 7(7) No.6(ML)  18(18) 18(18)
No.1(SS) 4(4) - 4(4) No.1(MS)  11(11) - - 11(11)
No0.2(SS) 4(4) 1(1.5) 5(5.5) No.2(MS) 1(2) 8(12) 2(6) 11(19)
No0.3(SS) 2(2) 1(1.5) 3(3.5) No.3(MS) 13(13) - 13(13)
No0.4(SS) 2(2) 5(7.5) 1(3) 8(12.5) No.4(MS) 4(4) 4(6) 8(10)
No0.5(SS) 4(4) 1(1.5) 5(5.5) No.5(MS) 6(6) - 6(6)
No0.6(SS) 8(8) - 8(8) No.6(MS) 13(13) 2(3) 1(2) - 16(18)

Total 75(75)  24(36) 1(3)  101(114.5) Total 141(141) 41(61.5)  4(9) 2(6)  188(217.5)

W: Static weight, SL: Static Lure, SS: Static squid. MW: Moving weight, ML: Moving Lure, MS: Moving squid
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Fig. 3-1. Concept figures of fishing system.
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Fig. 3-2. Concept figures of the new fishing system.

a: fishing machine, b: pole, c: fishing line, d: branch line, e: bait, f: weight
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Table 3-1 Control experiment conditions of wave tank (movement model tests)

Number of Wave period ~ Wave height  Depth of target control
experiment (sec) (cm) (cm)
1 1.2 10 10 0.25Hz, 5cm
2 1.4 10 10 0.25Hz, 5¢cm
3 1.6 10 10 0.25Hz, 5cm
4 1.2 10 45 0.25Hz, 5¢cm
5 1.4 10 45 0.25Hz, 5cm
6 1.6 10 45 0.25Hz, 5cm
7 X 10 10 0.25Hz, 5¢cm
8 X 10 45 0.25Hz, 5¢cm
9 1.2 10 10 X
10 1.4 10 10 X
11 1.6 10 10 X
12 1.2 10 45 X
13 1.4 10 45 X
14 1.6 10 45 X
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Fig. 3-4. Photograph of the target was used in the water tank experiment.
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Fig. 3-5. Schematic drawing of the experimental equipment’s used for the water tank
tests (control model tests). The bait was controlled by a motor control system (a, b and
¢). The movements of target in the water tank were recorded by a video camera which
was set on the front of the water tank. (a): motor, (b): motor driver, (c): position

controller.
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Table 3-2  Position control experiment conditions of wave tank (control model

tests)

Number of Wave period ~ Wave height  Depth of target control

experiment (sec) (cm) (cm)
1 1.0 3 45 0.125Hz, 5cm
2 1.2 3 45 0.125Hz, 5cm
3 1.4 3 45 0.125Hz, 5cm
4 1.0 5 45 0.125Hz, 5cm
5 1.2 5 45 0.125Hz, 5cm
6 1.4 5 45 0.125Hz, 5cm
7 1.0 7 45 0.125Hz, 5cm
8 1.2 7 45 0.125Hz, 5cm
9 1.4 7 45 0.125Hz, 5cm
10 1.0 9 45 0.125Hz, 5cm
11 1.2 9 45 0.125Hz, 5cm
12 14 9 45 0.125Hz, 5cm
13 1.0 11 45 0.125Hz, 5cm
14 1.2 11 45 0.125Hz, 5cm
15 14 11 45 0.125Hz, 5cm
3.2 A%
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Fig. 3-6. Position change in the part of bait when do not controlled.
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Fig. 3-7. Position change in the part of bait when depth of bait is 10cm.
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Fig. 3-8. Position change in the part of bait when depth of bait is 45cm.
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Fig. 3-9. Acceleration change in the case of control system when depth of bait is 10cm.
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Fig. 3-10. Acceleration change in the case of control system when depth of bait is 45cm.
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Fig. 3-11. Tension change in the case of control system when depth of bait is 10cm.
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Fig. 3-12. Tension change in the case of control system when depth of bait is 45cm.
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Fig. 3-14. Position change in the part of bait when the motor was controlled by

position control system.
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Fig. 3-15. Position change in the part of bait when the motor was controlled by

position control system.
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Fig. 3-16. Position change in the part of bait when the motor was controlled by
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