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Abstract

A new type of depth-controllable gillnet (towed gillnet) was designed for fish sampling surveys.
The net was joined to a vessel with a single warp to control net depth. Flume-tank experiments
were carried out to examine the optimum net design and net depth response using a model net. Two
types of warp connection to the net (one is connected directly to the front edge of float line and the
other is connected to the float line and sinker line through the forked bridle) were compared. Sea
experiments were conducted using a full-scale net to investigate the effect of warp length and vessel
speed (propeller pitch) on net depth. The sampling performance and selectivity of the towed gillnet
for Japanese sardine Sardinops melanostictus were compared with those of a drift net used simultane-
ously in the experiments.

A Direct connection was adopted for the actual net. The size of net and the weight of main
sinker was about 100 m long with 10 m depth and 30 kgw respectively, which were determined by the
tank experiment. The relationship between the equilibrium depth and the warp length was
approximately linear. The relationship between net depth and the elapsed time it took the net to
reach the equilibrium depth could be approximated using a first order lag model. About one
hundred sardines were caught in each haul by the towed gillnet. There were no remarkable
differences between the towed gillnet and the drift net in the catch amounts and the selectivity
curves. The towed gillnet was easier to cast than the drift net because of its simple construction.
From these results, I concluded that the towed gillnet is efficient gear for sampling pelagic fishes.

Keywords : Towed gillnet, Sampling gear, Depth control, Mesh selectivity, Sardine
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Q\ Buoys ,&
W <

1 T
Hanging Line

GPS Buoy IR

Bridles =~ SIS,

XX X, .

Net 4
Main Sinker

Fig. 1. Construction of a midwater gillnet.

Table 1. Specifications of the original net and the model net (1/30)

Items Full scale 1/30 scale Model
Material Nylon, monofilament Nylon, multifilament
Diameter 0.4 (mm) 210d/3
Mesh size (mm) 72 i 50
Hang-in ratio 0.47 0.47
Size (upper X lower X height) 51.8%X50.0X9.2 (m) 175.3 X169.3 X 30.7 (cm)
Total buoyancy (gw) 8496 85
Weight (gw) 8668 82
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Fig. 2. Model nets used in flume tank experiments for
settling time measurements (Upper, Direct
type ; Lower, Bridle type; O, ®, depth mea- Front view of the tank
surement points).

Fig. 3. Illustrations of the equipments used in flume
tank experiments (A, Current meter; B,
Traverser).
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e

Direct type

Bridle type

(Main sinker : the front
edge of a sinker line)

:
1
\MlinSink:r

Fig. 4. Model nets used in flume tank experiments for shape of net measurements (Upper, Direct type;
Lower, Bridle type).

Fig. 5. Force balance at the front edge of a float line (R, Net drag; F, Horizontal component of warp
tension ; By, Buoyancy at the front edge of a float line; D, Down force at the front edge of a float

line).
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Direct type Bridle type
Elapsed time (s)
0 10 20 30 40 0O 10 20 30 40
0 v v v " r r
20 Current speed
0 cmy/s
40 %
60

25 em/s

Depth (cm)

49 cv/s

Fig. 6. Time series of depth of each measurement points (Warp length, 50 cm ; Main
sinker, 21.4 gw).
A, Front edge of a float line; A, Rear edge of a float line;
m, Front edge of a sinker line; O, Rear edge of a sinker line;
®, Main sinker.

B (=% FO®BES) EROIIERDSNT, £F, HORRCFET2MAML T nigEic, BT
BRI 22 0% (1-1) RACEVERT3, ZOFEN%2 BY LT3 E, HORSENEECHNTHWS
SREFFHERC»»283HE, 1-1) KRBT 3 0,=30°0fETH 255, BIIRXRWLHkDS
n3s,

7

B'=-3"tan 30°—~ By (1-3)

1-1-2 ##8R

1-1-2-1 WOEERME HOUWERBROFE LTV —7E»N50cm DBE% Fig. 6 IRT WARE
bETEIZOPN TR, SUEL, BESENITBRL, BERSZHAONNE D bEEHEDIF S 1
FBod, ZRETNETHEETRHCIIZLACER Lo T,

DT L B OEERE OSBRI >V, BEAROBES% Table212, 754 FVAR
DG % Table3 I 2N Thm T, ZOER®S, AR DWT, HOBIRIFEAECEZEL TH5%
N FEAKEICET % 2 CORMZKT 270, R EFRONR, BHEOBRERMOBMROF &
LT, 2RERE TN TH > L BERKDO TV - 7R TH 5 60cm T, §Eb3 16.1 gw DS % Fig. 712
RY, MARDHIGE, HiEE bMEDOWAIR & bR VEERINE L k2 EAEH -7, BHR % K
T3L, BHETRBAHRCAS BEZ BV, BT, FH3Tem/s U ETRZDOEI/NIVHOD,
ZNUTORFETREZEHROFBHES PIZREL Ko Tz,

1-1-2-2 @Y EBEFRET7I7A4A PVAROBI K TCORE L @RROBFKO—F (5 : 214

—182—



2000]

B RS R ERIEORRA BT 2 H5

Table 2. Results of flume tank experiments for the direct type of towed gillnet
Current Warp Weight of Equilibrium depth Settling time
speed length main sinker Front edge Rear edge Front edge Rear edge
(cm/s) (cm) (gw) of a float line of a float line of a float line of a float line
(em) (em) (s) (s)

12 30 3.3 — - — —
12 30 9.8 27.6 30.2 5 21
12 30 15.1 311 372 4.5 185
12 30 21.4 32.7 42.0 3 16
12 40 3.3 — — — —
12 40 9.8 32.9 33.9 7 18.5
12 40 15.1 37.0 43.2 5.5 19
12 40 214 38.7 48.5 4.5 16.5
12 50 33 — — — —
12 50 9.8 37.1 40.0 12.5 22.56
12 50 15.1 41.2 48.6 8 20.5
12 50 21.4 44.3 53.8 6.5 18
12 60 3.3 26.5 22.7 15 23
12 60 9.8 44.6 479 145 24
12 60 15.1 49.2 57.2 9.5 235
12 60 214 — — — —
25 40 3.3 — — - -
25 40 9.8 20.8 13.7 5 16
25 40 15.1 25.3 22.0 3.5 16
25 40 214 30.3 29.8 3.5 15
25 50 3.3 — — — —
25 50 98 20.5 15.9 4.5 14
25 50 15.1 26.7 22.6 85 15
25 50 21.4 32.1 314 7 16.5
25 60 3.3 — — — —
25 60 9.8 — — - -
25 60 15.1 32.2 26.9 7 15
25 60 214 37.9 36.7 75 18.5
25 70 3.3 — - — —
25 70 9.8 274 19.9 6.5 13
25 70 15.1 331 29.4 5 17
25 70 21.4 43.7 42.9 9.5 175
37 40 3.3 — — — —
37 40 9.8 — - - —
37 40 15.1 170 11.2 3 6.6
37 40 21.4 21.1 16.9 2 8
37 50 3.3 — — — —
37 50 9.8 — — — -
37 50 15.1 16.8 12.9 3 11.5
37 50 21.4 21.3 16.7 5 115
37 60 3.3 - — — —
37 60 9.8 — - — —
37 60 15.1 21.6 15.3 3.9 7.5
37 60 21.4 25.6 18.9 4.5 8
37 70 3.3 - — — —
37 70 9.8 — - - —
37 70 15.1 22.5 16.8 4 85
37 70 214 29.4 24.7 5 10.5
49 40 3.3 — — — -
49 40 9.8 - — — —
49 40 15.1 14.8 11.2 1 6.6
49 40 214 174 13.2 15 5.5
49 50 3.3 — — — —
49 50 9.8 — — - —
49 50 15.1 14.4 10.0 2.5 6
49 50 214 17.7 12.8 4 7
49 60 3.3 - - — —
49 60 9.8 — — — —
49 60 15.1 175 11.7 2 5.5
49 60 21.4 20.8 185 35

49 70 33 — — — -
49 70 9.8 — — — —
49 70 15.1 19.3 14.9 4 7
49 70 214 23.3 20.4 4 8.5
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Table 3. Results of flume tank experiments for the bridle type of towed gillnet

. Equilibrium depth Settling time
Current Warp Weight of
speed length main sinker Front edge Rear edge Front edge Rear edge
(cm/s) (cm) (gw) of a float line of a float line of a float line of a float line
(cm) (cm) () (s)
12 30 3.3 — — - -
12 30 9.8 22.7 33.8 20 26
12 30 15.1 26.2 38.4 175 30
12 30 214 28.3 39.2 18 29
12 40 3.3 — — — —
12 40 9.8 272 38.7 22 29.5
12 40 15.1 32.2 42.8 22 28
12 40 21.4 34.1 43.3 17 25
12 50 3.3 — — — —
12 50 9.8 36.3 425 20 26
12 50 15.1 39.6 49.6 18.5 28
12 50 214 425 52.4 17 28
12 60 3.3 20.0 30.1 215 24.5
12 60 9.8 404 49.8 23.5 345
12 60 15.1 478 55.5 20.5 30
12 60 214 50.8 59.9 19.5 29
25 40 3.3 — — — -
25 40 9.8 15.4 213 10 11
25 40 15.1 18.9 25.9 12 15
25 40 214 234 29.5 9.5 145
25 50 3.3 12.3 18.0 3.5 8
25 50 9.8 16.3 23.2 7 13
25 50 15.1 21.9 28.4 12 19.5
25 50 214 28.7 36.2 13.6 19
25 60 3.3 — — — —
25 60 9.8 22.1 27.3 15 15
25 60 15.1 26.4 31.8 12 16.6
25 60 214 33.2 40.0 13 215
25 70 3.3 — — — —
25 70 9.8 23.4 29.0 14 17.5
25 70 16.1 29.7 35.7 15.5 195
25 70 214 37.6 43.0 15 22
37 40 3.3 — — — —
37 40 9.8 13.4 16.8 2.5 6
37 40 15.1 15.8 17.7 5 11.5
37 40 214 19.8 22.5 8 15.5
37 50 3.3 — — — —
37 50 9.8 14.7 17.2 4 7
37 50 15.1 18.0 18.9 5 9
37 50 21.4 2L.9 24.9 7 14.5
37 60 3.3 — — - —
37 60 9.8 15.8 17.6 5 7
37 60 15.1 19.7 21.1 4 7
37 60 214 26.0 26.4 8 115
37 70 3.3 11.9 15.6 3.5 8.5
37 70 9.8 18.3 20.9 9 16.5
37 70 15.1 23.0 24.4 10 12.5
37 70 214 29.3 311 85 14.5
49 40 3.3 — — — -
49 40 9.8 — — — -
49 40 15.1 13.8 13.9 1 3
49 40 214 17.1 17.3 3 8
49 50 3.3 — - — -
49 50 9.8 11.5 13.6 15 75
49 50 15.1 14.7 16.3 3 8
49 50 214 175 18.4 6 9
49 60 3.3 - — — —
49 60 9.8 14.1 15.0 2 5
49 60 15.1 174 18.5 4 7.5
49 60 214 20.5 20.7 3 6.5
49 70 3.3 — — — —
49 70 9.8 156.1 16.4 3 7
49 70 15.1 18.3 17.3 4 4.5
49 70 214 22.6 21.8 7 11
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Front edge Rear edge
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e o Bridle type o Bridle type
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Fig. 7. Relationship between current speed and settling time of a float line.

Direct type Bridle type
Current speed
0 cm/s
12 cm/s
25 cm/s
37 cmfs

49 cm/s

Fig. 8. Shapes of both types of towed gillnet for different current speeds (Main sinker : 21.4 gw).

gw) % Fig. 8 .CR L7z, BAPICBWTIRTI4 FAAR, BEARE bIC, (HBBRICERY — 7z
o THEE 272 0KFEHANCHFICERL o7z, AR BOTIE, 774 RVARTIRAFES
M5 BRT 205, BORRSEE AR TOSNTL 2, ZO@EAEOEME & b R VwiEE
KRolze ZD®, DENLEATIBEELHEOME b BT, —FH, BEEFRTIRAE
B+ B USEDS 26 cm/s TR ETicd X S BBAL 72, 2 72, BEAR CIREENATES
FICREBAL 7228, 774 RVARTIREFCEREEIC 8 W TR L o kEZNE o . {8
DOBE TR EFHEHS CRROEEBA S NIz DO, FIZLENCHELHEOBE BES NIz, L
5L, HEDS 37 em/s LLEDHE I, OO OB TEFR L D hFlS%H TN, BHANEV S
MEMRZNE2XZ 51T TEOBIERI  Uhn&E Uz, MiARORE & BoOREEROBIR S
Fig.92Rd, Z27Tid, Fig 8 DRKEMEZEAEL U MHERILLTEL 2, £RFERCEVTT I
4 FATGARDOTT BB LLA/NE < %o 72 AR & b Wik 12 em/s THEHIEDERK L % - 7288, HF0
MABEEZRORBE B IRLPVLENT 2 £ 2 5h 3,

1-1-2-3 BHER L BE0BR Y L EEAR L, B2 PRI 372794 Ak
R TOFHE &ML OBk 2O KRN Fig. 10-13 1R, BEARTIE, KRESETIC LT
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+ Direct type

o Bridle type
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Fig. 9. Relationship between current speed and net area ratio in both types of towed gillnet (Main sinker :
21.4 gw).

Direct type ( 2 net units )

Current speed
-

25 cm/s

37 en/s

49 em/s

Fig. 10. Shapes of the direct type of towed gillnet (2 net units) for different current speeds (Main sinker :
21.4 gw).

MRRD  UNDSEE E 2o, ZORRIKESHETIICERERTCIEZCR>1, 2L T,
ORFEEWT L2080, #1E I 1IBL Lz, B2, SROBS TCRERES O EELBES 3B
7, L ETlcbtrZ s, BELHEEOREREBOA P>, —H, 774 FAVARTRE
RO BBETE, BREHRCBLIETFEIETFRCEXTEF TR, 2071, BOHIRTIE
BEZMEOHEBSFo N Lo Tz, ThE, BREKTCRBOFHI/NI VDI, WFffllo 72
A PNRY —FLERCL2AECKS 0, BTHAIOTS 4 FAR5ATLES 2L
DTH->Te TOHRBPIL, REBET UM, ZREESETICLS> TP T 29, 2084
RRORIENEE M O8N, BLE CEELEESSEoEroTz, £, BREBICB LT
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Bridle type ( 2 net units )

Current speed
12 cm/s

25 cm/s

49 cm/s

Fig. 11. Shapes of the bridle type of towed gillnet (2 net units) for different current speeds (Main sinker :
21.4 gw).

Direct type ( 3 net units )

Current speed

R iy
\ e e S SR R e

Fig. 12. Shapes of the direct type of towed gillnet (3 net units) for different current speeds (Main sinker :
21.4 gw).

i3, REOBIMZ Lizds> TROF & BIFOKEENKE <Y, @EMEEASRS W, WAR
OWE L FOBHEREOBFRE Fig. 4 R L AARE b CHESE T IC L3> TRORFEREIX
B L, KRBT L > T2 OEREEEETH - 1o MAROEDOH O EIEFE % Table 4 127w
Uiz 8512, 754 FAVARTHE 3RERLBS BT 2H8OFETE S OHEKERE, 2hs
OFHlEE » iz, (1-1)-(1-3) REAVCEHE LR, @2 EECHE» 2 DCLERBETFOEN
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Bridle type ( 3 net units )

Current speed
12 cm/s

25 ecm/s

37 em/s

49 cm/s

Fig. 13. Shapes of the bridle type of towed gillnet (3 net units) for different current speeds (Main sinker :
21.4 gw).

4 r
® I unit
4 2 units
3} B 3 units
[ open : Bridle type
close : Direct type

Net area ratio
- ~n
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Current speed (cm/s)

Fig. 14. Relationship between current speed and net area ratio in the both types of
towed gillnet. Another all values were transformed to relative ones by
which the value of the direct type at current speed 12 cm/s is assumed to
be 1.0.

L TREDBAF % Table 5, Fig. 15 ion Ui, HELETORSHEOBEIME & oL, FEiy 25 cm/
s (EMARE T 0.5kt) TI3H7 20 gw ([EI# 20 kgw), i 50 em/s (A 1.0kt) T 60 gw ([l 60 kgw)
VBILBETHo Tz,

1-1-3 ==

BHELZ, BAKPFCBLTRTI2BRY 28ohikwub 00, 12em/s (EMFHE T 0.25kt) BED
MNAGKE %5 2 1, K FAACERL, BIF2FERD 2R T2 2 LR TE 2, 2LC, B
BARDHBET 74 FVARERT, FERERICE W THESKEAACERL, SELHEE DB

— 188 —



2000] B RARER R TEHRB ORI T 255

Table 4. Results of net drag measurements for both types of towed gillnet

- Number of Current speed Net drag
Rigging net units (cm/s) (gw)
Direct type 1 12 19
25 44
37 67
49 95
2 12 35
25 75
37 117
49 167
3 12 50
25 108
37 180
49 253
Bridle type 1 12 19
25 36
37 67
49 90
2 12 38
25 75
37 114
49 157
3 12 44
25 105
37 174
49 248

Table 5. Net height of a front edge of the net (Bridle type, 3 net units) and
estimated buoyancy required to be the regular bridle angle

Current speed Net height Estimated buoyancy
(cm/s) (cm) (gw)
12 14.7 74
25 8.0 23.4
37 5.2 42.6
49 44 62.6

ERBoND I eWbhol, £z, FAVELARERCHEMREINS Z L 2H BTN, MO—BTH-
Th, EOMICFEAFICET AEEARPERBOY —7OWY FIHIZEL T,

BEHEGERE LIS O Y 2BE LIER, % 2 RUEERLIS58 TR, BRETHHEKD O
HhKkx<{, BEREBOREBEONTVI LBDPolk, 2O E,s, RBEOHELER, K
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Fig. 15. Relationship between current speed and estimated buoyancy required for
the regular bridle angle.

KERTO2REE, FHETHI0OnBECSOTREFLHERY BEONE 2 B0 hoT, DBEET
MEREBLILWEAE, SBOFRKCARSLLD IS WTI4 RVARERBET 2 HENH 2,
DHBEWIE, WORRES ETEODENTLEI ORS00, FORRCEN LB E2ET &
WEVHERHET 2L TED, LL, FERTEHONEE, S, EMATHALE 150mBED
MRV BECLELETOEITREBERE 0.5 kt TH 20 kgw, 1.0kt TIIHI 60 kgw BBE & 5 7z,
COREOEN ERREA AT 2701, RHFHRECH L CHEECEBORS VWEFRART 244
BEbY, HENTHL LIS IRV, 774 VORI, ZOZNE2IRLT2ILNTE
35, ZOBEWIE, POEBMESS SKEL LI LBFHEINS,

PE»s, BFCAFAMICERLUHEERD BB oh, B0 O@IELHE O X »1E o h 2 8
BOBEAERIL, EEARNTHEENH 100m BEOBRE LM TR 3,

1-2 §\ih

KHEIT, HEROMLEEZ AR EEL, 2h ZhOPOHNCOVTHEARZ Z LIz LD, &
ERBEOBRBIZODVTRE L., &5, WTHLEMRHCBE L ES0H L 0BG E2HE~, B
bk & FHKER & ORIRD 5 EAMN ST ICEE T s REHEH 2 B2 2 L2 EHNE L,

1-2-1 PR HE

BROFME LI, 1ROKES 30m, #8352 9.7m D~ 4 7 & Sardinops melanostictus BE LR
HAtsh @ (E/ 749 A beF 40y, HE 33 mm, EHE ¢ 0284 mm) TH 5, HADEEFEL
HI (Tauti, 1934) Vs, ~FEkkt 1/16 OBAME (4R 2m, #3L0.7m) $5+3KMERLE, /2, &
DFE» ML % 0565 (M3 03m), 156% (A10m) L7zb Db 3 KT OERMLE, ERE L
ERBCHEMA L BB O M % Table 6 127R ¥, MO Fig. 16 10R Uiz, fHICIZ T A v 110
d/2, B& 24 mm O b ORFHEH LT, B ER T 2 LT, BT LRI b Bk 28R T 2 O
BThs, LrL, AFTE2HEOHIRY 5 HEBEHEAICZLR > TERT 203K TH 2, L
2o T, AEHECELTY, BEEFKBALTBRAFTTE S 500H» 5 TE 22 IFTHENIE WA
RO TIAFy 7 HET (S 8mm, E5mm) YEE ¢ 2mm OFEROKEAF o —LHEEX
¥ 20 om 121, FSEFHECED F0 CHEBEL,
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Table 6. Specifications of the original net and the model nets (1/15) used in drag experiments

N Float line Sinker line Net height Diameter Mesh size
et
(m) (m) (m) (am) (am)
Full scale 30 30 9.7 0.28 33
1/15 model 2 1.6 0.7 0.2 24
/) (with a half net height) 2 1.8 0.3 0.2 24
7 (with 1.5 times net height) 2 1.5 1.0 0.2 24
e Zm >
03m &
| \" K A BARAARNNAAAY e e -
1.0m s
- 1.5—-18m >

Fig. 16. The model net used in drag experiments.

Current meter
|:| Side view of the tank
Six component balance
Current % .
—> o 2 AR .
J

Fig. 17. Tllustration of the equipments used in drag experiments.

FERETT O BICERIE LB R FATICRE L & 25, MOBHSELEL, S 8K Y
Lotz VLR X BRI, BRI BS O FEARGhS 2 L iC k> ThbanEL,
HBRBEL LD L EZ BN, 22T, RONWOFER LR 2B 2H5» LOEL TROKE, BT
RO BYIOME 2 5 EV 3 WERIZH > T I OMAP R L Tee 2 D7, HOTHRIGPTHRE 2.0
m T RS 1.6 m (3023 0.5 50T 1.8 m, #4515 fEOMT L5m) ThHol,

EER I, HRUKEREORBERANE (BRIMES 7.0 m, KEIE 145 m, HAAKE 1.2m) i2BW»TT
bz, FRBHEOME S Fig 1T R, @), §IEICHE S W KBNS BRI T b 5 ZMRH
T10-30kgw & 7% 3 & 31z, AHER 39,77, 116 gw ) 3 EE R F\ir, SEEEOLOME 2 W ZhES
MICEEET 22 EicE D, @R, ML BrEISDELBROBER VT, WH% 10-50 cm/s (X
FEHE T 0.2-10kt) ORIT 9 B ZAL S ¥ FEOHN B RE LTz, Wiz 7o~ Azt 2 A
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v, WO 6 AT ERWTEHILT:, FuSAFKHESHE 6 X IBRIEOESEZ, BUOTA
HIsER (HEFEZER DPM-6H), ADE#R -~ REAL T =Y FNara—F—iCANh&E R, S
F—FixwThd 20Hz TIGFEL, BITCZEHIL 72 5 SR OFEHE % vz, EERHAR o KRIRH
200C THh oz,

KT, BWoMincmz T, g Op L v A4 VA R OBHRIC DOWTHHARz, 22T,
OHSIFRE Co ik, WROBEERDL SRO L S CHEH L2,

Or=—T (1-4)

ZZC, R, i3HIE SN OIS (kgw), p BAKDEE (kgw s*/mt), S BEEEHED K WBEOMD
BRERE (m?), VIi3FE (m/s) Thb, ¢ BEHZ2ERLHEOMMEREC S50 2 80EE0H S
THy, XATEKEIND,

1
v=07) sing cos¢

ZZT, ¢ EFFRERE (m), ! HHE (m), ¢ 3HEA CHORKADES) THD, £/, R IHELE
BErEEI LT TEREINS,

d
T (1-5)

rR= (1-6)

Z 2T, v ZAKROBHEERE (m¥/s) Th 3, ’

1-2-2 #R

1-2-2-1 §EHOMAEI L 0.Tm, HeE4n T, 22 -BEORE L HDOBEFE% Fig. 18
WRT, BEEZCHOBTMACRIBZEALERNE o1, ZOBEDV AL VA R, LH 158 Co D
% Fig 19 R T, REBRTEHEIL 72 R. 25 100 LT O&H T3, Cp i R i L TEBIICEA L,
E-AH (1988) 12 R 2389 T0 A ELOEHEHIC B WT Co B—FTH 2 L HE LT, ZDOWMETOERITHY
Btz BEE L TiTbhic b DThH S, —Fh, KEBRTIE, WREIET L > THOEBEREL
WAL 2O Z DB Co DFHYUIERO—DEEZ N3, 12120, FiEEBICEIC X 5213F L
AEROGNLPoT,

1-2-2-2 @BLRANOMIENL FEEEZTCHTHRCIFEALEVEL o2 I Lo o, BITICE,
i L COFERE O FEB UIEEN LA TH I LEZ 53, KPEE 77 gw (EREEE T 20 kgw)

100 F 10 r
Weight of main sinker D=13y"
0.50 (W)
®39
a7 Sos
3 =116 £ 1
o
= [J
®0.10 t *
'g E Weight of main sinker
3 ©
2 505 s b
® ®39
& N
a6
001 — o1 .
001 005 - 010 050 100 10 50 100 200
Current speed (m/s) Reynolds number 7,
Fig. 18. Relationship between current speed and net Fig. 19. Relationship between Reynolds number and
drag for different weights of main sinker. drag coefficient of net for different weights

of main sinker.
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100 ¢ o
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Net length .
o*2m D=07v"* @0.5 )
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< m6m 'Z
‘50.10 E £ Net length
M & ®2m
Z 005 3 a4m
o
o! &/ 6m
001 . . o1
001 005 010 0so 100 10 50 100 200
Current speed (m/s) Reynolds number R,
Fig. 20. Relationship between current speed and net Fig. 21. Relationship between Reynolds number and
& 1p P 8 P Y
drag for different net length. drag coefficient of net for different net
length.
100 10 .
D=14V" .
050 p=13v"
Net height .
°03m D=08V S 05
— 407m §
E 81.0m 5
g o010 § Net height
M £ ®03m
© 2 .
Z 05 8 A407m
g " 10m
[=}
001 > - 0.1 N
001 005 010 050 1.00 10 50 100 200
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Fig. 22. Relationship between current speed and net Fig. 23. Relationship between Reynolds number and
drag for different net height. drag coefficient of net for different net
height.

OEOBERFH VD, L 0.Tm TWOLEREZ LBEOVNIOEN%E Fig. 20 1277, 2REZETIC
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Fig. 21 I3, Re 2V/NS LEHBFIZIET OIS D EMBR SN 32, R oL TEIZE CHEmTH -7z,

1-2-2-3 {0 HELE HEEN4m T, FLEEZRBEOHIIOE% Fig. 22 2R L7z,
M BT L BB RE S kods, Fulicxd 2imoEmE, EXaETic Lot TR
R 5 T2 BRI BT 2F5E V ORE L, 2T Lz»n, 1525 L3 kid Lz,
Co OZEAL% Fig. 23 12K 3o B LT Cp B L, L 2T Lz2tw, £ OMERMIH LS Ko7,
ZhiE, ML EETIEY, B2 ZURBEORRORPNBIRES RILDEFIOND,

1-2-3 EE

EAEIE, BERES TS TREVEERERICBLTHRORDTLONEETH L, Lt T, B
A S BR T 2REZL PR ETHRVLR TV O TRITRER SR, BEREIAKEITNIE, BnY—
FETAKERAEDLESNLY, ANTHRIAZVEEOEETCERMBEICHEL THLEEREARV, Z
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Fig. 24. Schematic diagram of the force balance at the front edge of a float line (L, Warp length ; R, Net
drag; W, Weight of main sinker; #, Depression of warp; Do, Equilibrium depth of net).

Current speed (kt) Current speed (kt)
00 02 04 06 08 10 12 00 02 04 06 08 10 12
0 . ~— . : - 0 T r .
20 )- 2 |
40 | 40 r
E ol T oeof
d d sl
5 80} g
S £ 100
g0 £
2 £ 120
5 120 i g
I H S0+
140 | / 160 [
"
160 | i 180 -
180 L 200 L
Fig. 25. Relationship between current speed and esti- Fig. 26. Relationship between current speed and esti-
mated equilibrium depth for warp length mated equilibrinum depth for warp length
100, 150, and 200 m (Main sinker : 15 kgw). 100, 150, and 200 m (Main sinker : 30 kgw).

D& RBHIS, BERIRATL 0kgwBEI THEILwEEZ 5D, —F, BHMEOHEKE
X, MOHHEEL Y — FEHONEHHNBVE T —TRICE->TEE 2 EEZ NS, V—7DHE
BChdLIRET S L, RAMOFEEKE Do i3, Fig. 24 1R T & 5 2B L T2NEBEELS, V-7
£ L, O3S R, EOWEH W 2HVWTRODEICEELD,

tanozzgz (1-7)
Do=L sin[tan*(g;)] (1-8)

ZIZT, R V—TDODAKA (V—7dKE L R THABOAE) Thd, 2D LD, BEEILFHEK
EEPRETHIEELRERER S, £ 2T, AHHOEENZHEOELE 2, BESh2Rl%MECE
2 EOFEAEE (1-8) XEAWTCEET 5, HMBOEENLEOMES:, 1 K30m THL 9. Tm
D3R EBdE LItk E 2, REBRTORER/BR 2 ERCBEL PR R, £ LTHWT, B
B% 15kgw & UTHE L 72 OXAEE & FHKE Do(m) OBfR%E 7 — 7K (100, 150, 200 m) Fiz
Fig. 25 1z, $BEE 30kgw DS % Fig 26 ITR L7z, MOIAEELSA & L, HOoTmHdKREL
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Fig. 27. Relationship between warp length and esti- Fig. 28. Net drags at current speed 0.5 kt estimated
mated equilibrium depth for weights of main from experiments. These plots show each
sinker 15,20, and 30kgw (Current speed: net constructions (Net height and net length)
0.5 kt). and same symbols (®, A, B) show same area.

2579, V—7REBLTHEONIKEEAREIZ/NS VY, HEOMAEEL2/NISTHIE, V—
TROBECLDARELRKEELELESND I EBbd 5, $IRD PRRADITE, BEOKMELE
BT 2L, BREFEEIINIVIEIBRVEEZONRS, LeL, HRTIMBLELEL RN SELI
BETEIEMEEIVOSBELEZ 52, REREL L THRONAHEED 05kt TH 554, &
EERERD S, ZORMEMCBI MO 0kgw LEEI NS, ZORBEBWT, BEES
15,20, 30 kgw & L7255 DY — 7R L (m) EfOFHEAE Do (m) OBREFEERR W Fig. 27 2R
Ulzo BEE 15 kgw DFED T — 7K L L O FEKE Do OREfRIZ Do=0.21 L, [A] 20 kgw T Doo=
027 L, [F] 30 kgw T Do=039 L LHEE S iz, L35 T, 7 — 7K 100 m THOFEAES 20 m
LT 31id, BMERIIN 16kgw L o7, £z, MEEL 0kgw ¥ ThiF, 7 —7F 200m THRKE
H8OmEEHETES, ZhoDEERE, FIRETOFEOLLEL2ERLTHHOZYTHY, 2B
0, BFRAEENRE ULHEERL LUHEATIBECTORBKERESNS Z EBSH 5,
HeR, BLHOMNEOBREEEL, BrfHeR, ML LT, AERTHERALR
MOERTRT 70y b RUCHESD 025 m/s (RPIE T 05kt) DFEOHSI 2L LD Fig. 28 T
b, AICEHBER2{7uy 2R3 L, iHRBERECHETH S, BRI, FHE»05m/s (EfFHi
HT10kt) OEE% Fig 29 2R L, HH201-09kgw iz 2 & TSN 2O~ EE EBRERD &
HEL THB TR L, ACHBER2RT 0y s CORNEPHE T2 L, @LE2HTID LR
TeHBHABKE LS R0tz Lo, ZhoDERZ2RTEETLHCELERAETR L, 2D
E o, BRFBIOHIE, MOERELE U TR EE L BE 1, RN 026m/s TRED 5% 08,
TAEBKEL RS EHSINEIL B EDBOD B (1961) k2 &, FBIHHT 2AENRE
L7z LTI, RACEBROFEEZBV2EE&CR, KFEAEL D BREARCEVWELERTH S &
LTwa, LaL, BFETE, FLE2ETHIMERD OFWPRKEVWEEZONEDT, HTLE
MeBzokv, £/, ROMLIFRCTORFECHESEL S, Lis->T, SHBOMELIE, 2
NETKFERAINTELRUMAROMELH - 10m BELETITHE tE2 51D,

BHME TR, HEOHRY» S, BEEARTHEEN 100 5@ Th s, 2L T, SEOER»SH
RTOBEERPHOTNIZ2EZ 5 &, B 10m T, 30kgw LT OEEHERE T 2HEESEYTH 2 LH)
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Fig.29. Net drags at current speed 1.0 kt estimated from experiments. These plots
show each net constructions (Net height and net length) and same symbols
(®, A, W) show same area. Broken lines show net drag 0.1-0.9 kgw.
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2. WKRIGERY

BHEE AT, # - BRACEEDORKERE L EYICTS 2o}, RREORKEILCEREE
BELCBLESD D, ZIT, FETE, T IBREAERC LD QRBOMKECERECRELZS
ZBBEROAH BITo 72, & 612, WAKELEC—ENRETNVEBERAL, AFLLERYEERW
B EBRER EOBEE LA, FAEREOEMMEIC DV TRHIL 72,

2-1 RESH

BBV T, V—7THRICBEUMETEET ik ), @b o -l e FEfkicEET oM
KREFG 2L T2RMBEEEL, ZOEFMBREREL 12, XE TR, MAECERECHER
5z 2BROSHEENE LT, HIETHRELLEROMEEACT, BHEERCIVRLI2EEHE, &
V&t (BMET — 7R, 74 v FBEEE) Ob L TOY—7EEC L b5 HFBONT, LB
BE2HENI,

2-1-1 M HE

2-1-1-1 {EEE EAHEIE, IRORX 30m, f9.Tm T4V VERARER L LT3N
(F4ure/ 745 A, BE3B3mm, EHE ¢ 0.284mm) TH3, HRNOEEHEMDH] (Tauti, 1934)
W U7z hh, FEAHE 2 IR BICERS U7 b O 1/30 BEEE 2 /ESL L /- (Fig. 30), RAIME & SAUE O 35

Towing truck (Fixed)
/

Current

Side view of the tank

Float (Expanded polystyrene)
Float (Plastic)
/ '/ ® 2.0m R
3 : I
R s 2
X 32388 03m
X
‘I - X
“~Weight (Lead)
1.8m

Fig. 30. Illustrations of the equipments and the net used in experiments.
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Table 7. Specifications of the original net and the model net (1/30)

Items Full scale 1/30 scale
Material Nylon, monofilament Nylon, multifilament
Diameter 0.28 (mm) 110d/2
Mesh size (mm) 33 24
Hang-in ratio 0.52 0.52
Size (upper X lower X height) 30X 30%9.7 (m) 2.0x1.8%0.30 (m)
Total buoyancy (gw) 6.0x10% 5.8

Weight (gw) ” Vi

% Table T 2R, EEIZIE, SNF T 47X beF 41 1104/2, BE 24 mm OFFMZHEH L 72,
T Fid, RTFVVATAY (HEE ¢ 0.7Tmm) 2Wb¥7F 4 urlakt (ER ¢ 2.1mm, KPE
& 34gw/m, BE20g/cm®) RHEALI, £, 813, AFER 10,22, 39 gw (EMEE TH 10,23, 40
kgw) O 3R L Uiz, kB, KER TR, WiEOTITEEEROSE LAKIC, ROUPELL TV
ORIH TR LY L T Fig. 30 1277 ¥ & 2 B & L, BB~ HE L F#E 2.0 m, (WFiHKk 1.8m,
303m = L7z, -

2-1-1-2 KIEER R, ERKERZEOABEHRAE (BEERS 70m, KEKE 145 m, FH
A 12m) BV TITbhl, EREBOEES Fig 30 W/RT, 7—7ROBER, 2 2—5 —Hl
BB 4 > F (5, 1993) & DiTotz. VA4 Y FOT7—FHLUANEE OHIFHIEHIE—60 cr/s »
5+60cm/s THb, 2DVA VFRAEERICH2AMEELICRE LI, VA Y FH5KEE TOH
BRBAT82em THolz, KEDOKELEHHOR S 2BEARCHAT 501, RMEEZKEHR
RIBICRE Lz, SAKEOE(LEEHBIT 27201, NNIEHEYY— (BE ¢ 8mm, £ 6.1mm, K
ER 0.9gw) (8, 1993) ZHMOTZTHATEH, BHO 2V, ¥ —DOUBHEELVENZSD
HREORBRAFu—L L &b IREY T2, 72, REQHE oo NmHe 2 ERA Lz, BN
ryY—trusREESF TRESAESR, B0 TAHEESR (MBS DPM-6H), AD &t
R—F2MNL, SFHEEH20Hz T/8—YF N2 a—F — AN Uiz, EEHIRbDKIRIZH 20°C
THo7z,

S, o0 U oD% 2 EHRABOAKENIND 3o OFHY - 7B X UREV-TRE
WELE, SEER (10-39 gw), #BEY—7FE (50-150cm), BLX UV A Vv FHEE (5-15em/s) 2 Z i
FREZ UTbhiz, EBEHFOFHM % Table 8 12777,

2-1-1-3 BOFEKE Do LETHRM T, AT, HAOERE (W8, 1993; $85, 1989) ic Lz
v, 7T—7REELE R, PESROFEREICE U RERORAE L EHAKE Do, £ DORFRE
TOFTERE 2 BERE T & UCHIT21To 72,

HIRAMEAEER Do & L, 7 — 7HR/ERIGRm 2 FUR & U C t R OMKER D &35 &, t AR
BU2HEOKELZEBAD, ZRRCL VBN 2B,

7 — @O LR : AD,=D,— Dy (2.1)
7 —7%%& RifEs: ADy=Do— D, (2-2)

\
FHKGE Do 1B LTz & S OKEENER AD & T %, BONLRERIT -5 205, BERH T.%,
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Table 8. Experimental conditions and results

— 661 —

" : Front edge of net Rear edge of net
Current I:,t::;l gz}i}i gh;n&gg Winch
speed . " speed Equilibrium Change of  Settling Equilibrium Change of  Settling
(cm/s) length  sinker*! length (cm/s) depth depth time OVF;?)O% depth depth time OVF;;?)OOt
(em)  (gw) (cm) D.em)  4D. (cm) T, (s) D.(cm) 4D, (cm) T, (s)
Paying out' 20 270 10 100 10 1239 30.3 27.0 19.4 117.9 27.1 40.9 114
the warp 20 180 22 100 10 144.7 45.9 25.3 22.4 143.4 35.2 33.0 10.3
20 110 39 100 10 1489 71.0 14.0 10.3 154.2 65.7 14.8%2 2.4
26 210 22 50 10 97.5 16.8 19.2 16.7 91.5 16.6 28.9 8.1
26 210 22 100 10 116.7 38.2 21.4 192 109.7 35.0 27.3 9.5
26 210 22 150 10 135.0 56.7 318 25.0 125.3 52.6 41.1 16.3
33 270 22 200 5 138.1 61.4 45.3 7.8 140.3 68.0 46.2 38
33 270 22 200 10 139.5 61.8 29.0 18.5 1412 69.1 32.4 9.1
33 270 22 200 15 139.3 63.2 24.3 27.0 140.3 68.2 29.9 11.9
Windingup 20 370 10 100 10 92.6 30.2 20.3 134 90.4 29.5 28.7 75
the warp 20 280 22 100 10 98.0 46.3 20.1 14.9 107.3 35.4 35.2 10.9
20 210 39 100 10 77.6 7.3 112 8.0 87.3 66.5 12.7*2 0.4
26 260 22 50 10 78.6 18.6 9.2 8.8 4.5 16.7 142 3.1
26 310 22 100 10 78.2 37.6 14.1 9.4 73.3 36.6 12.6 1.9
26 360 22 150 10 78.1 56.0 180 9.5 3.5 52.7 14.6*2 1.6
33 470 22 200 5 774 60.3 43.7 79 72.8 67.4 31.3%2 2.0
33 470 22 200 10 7.1 62.1 22.9 9.1 71.4 69.8 17.7%2 0.4
33 470 22 200 15 7.6 60.9 16.0 9.5 71.4 69.2 13.5%2 0.2

*1: Values in water
*2: There were no overshoot phenomena
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T — 7 EBERIRD S AD: 13 Do D 5% WCEIET 5 F TORE (A —N—Y a2 — b (#5, 1994; 7
5, 1982) BEUBE L Tik 106% £ TETTT 285/9) & LTRD,

KEEICB T 2MOZEEL, V— TEBERTEBICE —N—Y 2 — FEHIZEL, #OBFEKEA
EEH LIz Z22C, AN~ a— VEEOKESR Doy A —r—va— MESERFESAE LT ¢ BR%E

OAEE Do L L, ZOMOBEOEEERAD & S CRE D LIKELT,
|Do—Do|=a » (1—e5) (2-3)

ZIT,a 3A— =y a— N EOBEE 25 EH, B 134 —/N— v 2 — MNESD S PEAENETT 5
DRETHEMOBEL L 3ERTHY, FREFNEIEAERCLORDZZEBTEL, LMo T,
Do ZROES>CEREIND,

T— B0 UK : Deo=Do—a (2-4)

2-1-2 #BHR

2-1-2-1 SEEBOFE HMEEE 0cm/s, VA4 > FHE 10cm/s T, 7 — 7% 100 cm #fE L7354
DOREDHTHG & BImZ W ZHDWT, B LERORENEL2EERRIC Fig. 31 1o/R L7z, ORI TIX
KEBRTHOIRITNTOBOBZFIBWTEL —N—ya— FBR SN, BIROEH b EHHL D I3/
BWHDDE —N—va—BRoNI, V—7BIEKTE, fOFHIELICEBNTE —N—Y 2 —
FESIWCEL, ZOBFERENLEHLL:, 7— FBETOEOLT, BLoEERREOKE: &
HBIRPEALT20D0D, FIRERNTH >, WTROREIL, BB BV, EREVES
WL Bote, ZOMEMIX, B LETRTOEETH-> 2, Thid, EBNEVIIEE Y — 70 AKAED
K& Y, Bu7—7Ed1: 0 OHEEHE (KE) BRKE LR 500D, Rod EowtE, i FREINHE

Paying out Winding up
100 ( Front edge 0y Front
Weight of main Eront edge Weight of main
80 | sinker (gw) 80 sinker (gw)
39 39
60
—_ 22 22
g 40 40 +
~ 10 10
ﬁ 20 20
3
% [} [}
c 0 10 20 30 40 50 0 10 20 30 40 50
'S
8, 100 Rear edge 100
o ] ) " Rear edge )
T g Weight of main 80 - Weight of main
5 sinker (gw) sinker (gw)
39 39
60 60
40 2 40 2
10 ]
20 - 2
P . 2 . N ' 0
4 10 20 30 40 50 [} 10 20 30 40 50
Elapsed time (s)

Fig. 31. Change of net depth when warp length was increased and decreased by 100 cm for different
weights of main sinker (winch speed =10 e¢m/s, current speed=20 cm/s).
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Paying out Winding up
100 100
Front edge Front edge
80 Length of warp 80 r Length of warp
changed (cm) changed (cm)
60 - 150 60 150
~ 40 r 100 qr 100
§
:g’ 20 50 20 50
o
-8 0 4 I A 1 — 0 I 1 1 1 S|
B 0 10 20 30 40 50 0 10 20 30 40 50
c
S 100 100
o Rear edge { Rear edge
g 80 Length of warp g r Length of warp
£ changed (cm) changed (cm)
C a0 60 |
150 150
40 100 40 100
20 s0 20 - 50
0 0 — -
0 10 20 30 40 50 0 10 20 30 40 50

Elapsed time (s)

Fig. 32. Change of net depth when warp length was increased and decreased for different length of warp
changed (winch speed =10 cm/s, current speed =26 cm/s).

BTl TH5,

KRR ADw &, FOHE, BiHE b CBEEMETIEONTRELL ko7, ¥, V77D
H LRI, BELSHR L D BN THDERSR o, HURHETY — 7% 100 ecm &H & LT BE
Ti, BYHEURERRRE, 5, BRE bt ——yva—rBRON, LaL, OKE I LK
D HURRCHART/NE S, FHEKENMETTT 2R b B o 7o, Table 8 1I27RT & 512, BERRIZED
BOWEOGE IR, Biks 128 R o7, — 7, Hill, Bk E bICEBEED 39 gw OB —/N—
Ya— FNEHINE L o,

2-1-2-2 BET—TROEE HYEHRE 26cm/s, 714 > FHE 10cm/s T, V— 7% 50-150 cm
EL 72858 D, MO & B2 W Zh O T B & i LEER ORI L 287 — 7ERhz Fig. 32
WRLTEOHL, BE LUREL b IKREY —7RE2H T Ulzdd o, KEELE 4D 133U 7223,
YT BFLEECIBNRRohEb o, Table8 o, #EHHLUEFTIE, BEV—7ERMTICLE
B, F—N—va— rEROTLCEMT 2ERARR N, —F, BE LI TOF—/N—ya2—
FEBRIZ-ETHolz, BERMCEL TR, BFY —7RET L PWENT 2ERABR S
oo 2, V—7OROVBLIEEST 2FRBRIOBDICEZBDOTHY, F—3—v 2 — MNEED STl
REEANEET 2 TORMICIZIZEAEEBE DT,

2-1-2-3 A CFFEENEE RMEEE 33cm/s, FER 22 gw T, V— 7% 200 cm BIE LA D
MOHIEE L UBRIROWT, FLEMORENELE Y 1 » FEERNC Fig. 33 1R Uz, VA4 Y FHE
EEZTCOUAREERMEBRIEL WD, U4 v FREOEMC L > T, HOKT, FEECEYT 2L
BLllol, ZORDA—N—v 2 - EBIUEBERME 74 Vv FHE L OB%E% Fig 34,35 R L
720 OHUBRCIZ, 74 YFEEOEIMZL > TA—/N—y 2 — N BSEGICEMT 2285, %5k
TRICRIEE A BB E—ETH Tz, —H, BEFHEIEVEL, BX LRI YA v FH
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Paying out

Front edge

Change of net depth (cm)

‘Winding up
100 ¢ Front edge
80
g0 [15ms
10 em/s
40
r Scm/s
20
0 . \ . . . )
0 10 20 30 40 50 60
100
Rear edge
80
60 [15cmss 10 em/s
40
5 cm/s
20 +
0 . . . . L .

Elapsed time (s)

Fig. 33. Change of net depth when warp length was increased and decreased by 200 cm for different winch
speeds (current speed =33 cm/s,

weight of main sinker=22 gw).

30 "
]
L 20 Front edge
%
£
[4
210
(o]
0 1 | — P — —
0 5 10 15 20
30
~—&— paying out
£ ---0--- winding up
L 20
5 Rear edge
$
P
g 10 | /
o
0 LT, Y ceeas o .
0 5 10 15 20

Winch speed (em/s)

Fig. 34. Relationship between winch speed and overshoot of front and rear edge of
a net for paying out and winding up the warp (current speed=33 cm/s,
weight of main sinker=22 gw).
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50 "
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[
E30
=1
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% 20 Front edge T
“ 10t

o 1

0 5 10 15 20

50
. 40 —e— paying out
IC) +-0--- winding up
£ 30 } e
=) e
o N
£20 t
E Rear edge L
® 10t °

0 1 | -

0 5 10 15 20

Winch speed (cm/s)

Fig. 35. Relationship between winch speed and settling time of front and rear edge
of a net for paying out and winding up the warp (current speed=33 cm/
s, weight of main sinker=22 gw).

Ertiz LizswEL kY, —EECHET 2HEANR ST,

2-1-3 %=

2-1-3-1 FHKROTH ZEREEOBEZE T, FEREBCELLBO7-7HRIZZERTH -
o EEIC, FRERTE S W EBEOHT] Ra (gw) LHHE V (em/s) OBfRERIEMR (R.=022
Vi) VT, SERTOY— 7RSI OHRIC ST 2 FEAEL (1-8) e M THEEL RRE
Table 9 1273, $EE RS 10 gw THIHED' 20 cm/s DHE O EBRER 2B T, FHME L HEEE L OEE
10% U FThot, SHBOTENRAIZATS 700, RRETOY —7HMHEMIIHEAT 200 m
BETHLEELOND, 351, BERCHMAOLTML X OM KPERLHI VRS SBORRE
7 —Fr LCHEAT 28813, EBROBEHCEVLTY 7 —7OBRGEREVRETHZ LFR
BB, LizhioT, Fodicsd 2 @ofEt e L T, MoMKkEEOERISTRTHN
IEHAEREECFR T2 2B TEZ LEbN S,

2-1-3-2 F—nN—1— FREBERE KERTIE, BRFBOEAECERECRERELSF
2 onAERE LT, WER, BEV—TE, UAVFEERRY LU, 2055, SERIINRE
DFETKTE L OB L DBURIC X > THREMC FOROONLZEETHY, BETCEET S LD
CERWERTH S, 20D, BEELHEOBHOBEKIIOVTRBCHEL (E(LEVFH L, F
EERER L, BEEEELLBEOV—TRVBLEOL -y - P RCREZENROAL
otz bDD, BEESELEV 39 gw OBETA —N—Y 2 — FEWLT LIS B BEANRS
hkolnu,%%EW@iifﬁéﬁmwﬁu,%ﬁ%(%ﬂka,Eﬁtyﬁ—wU—Fﬁ®ﬁ
HOBEPKERY, WOLTHHF ol bDLBEL>NE, FEBROBERMFOBEATE, VA
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Table 9. Ratio of difference about equilibrium depth

Equilibrium depth

Current Weight of Change of - Ratio of
speed main sinker* Wa.r(p le)n gth warp length Wl?ch/sseed Experimental Estimated  difference*?
(em/s) (gw) e (cm) o value value (%)

(cm) (cm)
20 10 370 100 10 123.9 108.1 12.8
20 22 280 100 10 144.6 156.2 8.0
20 39 210 100 10 148.9 160.8 8.0
26 22 260 50 10 975 103.4 6.1
26 22 310 100 10 116.6 123.3 5.8
26 22 360 150 10 134.9 143.2 6.1
33 22 470 200 5 138.0 1314 4.8
33 22 470 200 10 139.5 1314 58
33 22 470 200 15 139.2 1314 5.6

*1: Values in water
*2; Ratio of difference=| A—B|/A (A, Experimental value; B, Estimated value).

08
5 3
508 :5
s g
% 04 %
s B
@ &
02
00 . : S — 00 . . . . ,
0 10 20 30 40 50 "o 10 20 30 40 50
Elapsed time from tops of overshoot (s) Elapsed time from the top of overshoot (s)

Fig. 36. Relationship between elapsed time from tops Fig. 37. Relationship between elapsed time from tops
of overshoot and relative overshoot when of overshoot and relative overshoot when
warp length was increased. Broken line warp length was decreased. Broken line
shows the settling time. shows the settling time.

CFEEPEIE CRERESEL Roeds, vA VFHERHEL THhIE, BV -7V HLECE
A=W a—BBPRESL D, FEROZHHBETIX, RATERIEV-—7EOHN1/3DA ——
Va— b EPBERIENIZ L5, REBTORECHEMICMKELRET Z2LEND 25512, H
EKEP CEEL TOERL L —1"—va— P BEOBFRIERL TBLERD 5, HBE FITHOD
F—N—va—1ME, FEBROER»S, OB ULELID /N EY, BYHLEBDOA — N~y a2 —
N EOEHMICINE 5,

V-7 REBRELES, BV —TREKTERI A —N—y o — NEAREL, #I05F8k
BAELEL 72 MOREOE & 1%, FimOKEBBEENICINE 37012, HiOKEELPIEREL T
BHEIw, 22T, REBFETOY —TERECE LB L @OFTER L — N —y o — FESICE
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T LR EFEANIEER, VSRR TENL S A — N =y o — FEAET S X TORMIE, TXTO
BRIZBWTY —7BERBO 2% UNTHY, BV —7"8ERT LRARICA —/Y—Y 2 — MERKR
BTBEEZTI, $l, A —/V—va— MNEEAD O FEKENETLT 282 @R (Fig. 36,
37), BEBREGMEC L > THERERZREIWE» o 2 L6, FEKENMETT 5 DCET 2HHE
WASBENELZDBDOTRRVWEHMTES, LdB>T, V—7ER2BELLBESOHOEERH

B2 BT 3 2 e85 TE B,

2-2 KRBT

KEHTI, BEEBRTIIE SR> EYRTORKEORHNEN, BfHER2BEI»McTEIL
WXy, BHBEORKERSOEREZFML /2.

2-2-1 EBAZEHAEA

1995 4E 6 H, Jb¥HEFLRERREFERET AR Ok EEF 100-150 m OFFK I 81> T, JLIEERFEKREFT
WEHEEMR > LBl (128ton) AW TERBET-o7, HHLMAOES1Z495m, HE 135mm Th
% (Fig. 38), Z DFOFHANZHA%% Table 10 i0R ¥, AEBR T, BEEROBRELEZ, 2RIR
AKTI00mBECRZ LI CIOME 12 KRTHERAL, SCREIERT30kgw OEHVz, %72,
B OMR Y 282 % LERIC, BRI TGEBRTHE T 2 80% S —EDOKEE TED»ICT
» 57291, FOBEICHEEELID 17, ZOEBICELWENEFOMEIFETFZ 20m Du—71C
2T Fig 88 107 T & 5 B 1) 7z, MBI FOF S L fBEOWRE ikt hTh L7kgw & L7z,
T — AR HEOW FRCERINBB/EADORY FYarvryo—7 (EE ¢ 104mm) 2K
Eb¥EFERHL,

HKGE LR D OREREERHARS 2D, ATV —FE (B 7 Vv y 7 EFR) 2 FF#ER 7
TS L (Fig 39), ZOEEFOHEERIZ 1B ToRiEZ0Im THS, HAkELZE=
F—F B0, 7—7 L HOBEERICEET (AF v —8, #iEL Y 0-600m, SHERE1m) b
HbeTEEL (Fig 39), MOXAERE BT B » 1Y 2 —®) TFHEIL, V—7%RN
DHANZIZ by o —F — AR E NIRRT (80 FREHEE) AL,

Memory depth sensor

Control buoy

20 m

SCANMAR depth sensor
9.5m

Fig. 38. Schematic diagram of the towed gillnet used in experiments at sea.
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Table 10. Specifications of the net used in experiments at sea

Weight Length Height

Items Material Standard Number Remarks
(kgw)  (m) (m) :
Net Nylon, monofilament 330d X 13.5 mm 101 9.5 Hang-in ratio 0.52
Float line Polypropylene $7.1 mmx21 gw/m 49.5
Sinker line Lead within ¢$10.4 mm x 100*gw/m 48.0
Polypropylene
Warp Lead within $10.4 mm % 100*gw/m 200 2
Polypropylene
Floats Plastic 100 mm X ¢35 mm 178  Buoyancy 59 gw
Control buoy Plastic ¢ 180 mm 1  Buoyancy 1700 gw
Main sinker  Lead 30 2
Sub sinker Lead 1.9

* Lead : 62.2 gw/m, Polypropylene : 37.8 gw/m

Fig. 39. The memory depth sensor and the SCANMAR depth sensor used in experi-
ments at sea.

OS] DBIEL, BREEEREE —CIC LIRET, Yoy FHIVTYL, ZOEDF Os
EyFAERENDOEEREE L, £/, V70V HL, BEEFR o —LY A v F2RAWTITo %,

FEERIZ, DIT iR~ 2 8 EeE L B0k 1o 0 TiTb i,

2-2-1-1 BEUAE 30kgw &% MV, MEREHEM 1 KOBEK 10kt F TOMICK2 L5 7o
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NIy FAEE IR, H2 KOBSH 20kt 2 TOBIE ORI ¥y F AL BEBRBICREL,
7 — 73 100m, 1560 m, 200 m O 3 BT RE L T2, # L TRRETICB T 2 OFHEAKES A E) —
EESF»sRDT,

2-2-1-2 EhROREME WM IRBRMERAL, 0OEE % 13,18,30,43,56 kgw D 5 EEICE L TER %
To7ze V—7ROZEMZNT I2HKEDILERZFARDLHIZ, TaSEPYFAZ 0.6 TREL, #
%Y —7% 100m (§H 30kgw DBAIFZ200m) FTHROYE L, 272 70xIEy FAOELIN
TARKEDIEER, V—7B210m cEEL, 7027y FAEME L0k CHIET 5 0.8 »
5—08 ELX¥B I EIZE Y FNT,

AT, BHEOFEAKEORESHE N 0 — VOB LR, TuxRI¥yvFRLTI—TES
NEREANE LI REBERRDETNVIZEDET (BLS, 1982), 70T ¥y FAREKEDIGE
CHNRTHBECERTELDT, TOANBAT Y F7ANEEZONSE, 2T, XRRADRAT v I
BA% Os (t) iIC&k > TFuRTEy FARERORKESREIN D,

Os(t)=K(1—e" 1) (2-6)
ZZTK TR7AVERBLIURERTHD, t 37uRIEyFATEEERD S OFBREM 2% 7,
—F, V—7RERV—TEBVHB LU E2ET - 0ERCEETCER Y, 22T, V—7Ei(t) %4

YRNWAFIEE Z, W(t) LT —TREBEROMKEA OV RAIGERE 0i(t) & D727z 2AAERS
£ o TY —7REBERFOEAE Ow(t) 2R L1z (EFEEFR, 1975; A5, 1982),

0w(t):[¢(t—r)oz(r)df (2-7)
CIT, T BNEEEET, £7, WKEA VOV RERK 0i(t) RRRD & S RSN D,
Oi(t)="5e (2-8)

AT v FICEBEE S L CRAEA VA ICEBESEIcB D2 K T3, ERELHEEEOZIN L TR
INEEEEZRAHVWS LD RDOEND, 72770, BKEA VA IREBERCEL TiX, 5HEE2ES
T bk), (2-7) REBEHEELLILERAEAWS,

Ou= 1t 3 in- 1 Oi (2-9)

2T, On 3HKERT, 3V INVES, O34 Y SVARERFITHD, (2-8) R& hEXKEH
Nz, LT, n BV VAR, 327 Y IR, e 37— TERIERT,

2-2-2 #R

FOBIW AT BREFTORFREB/RIER, FEHRETOZEFROR L BEOKEX, &K
11m (B OFEARED 25%) OEBRONZHOD, BREICTHIHEEDBE Lol 2D L b,
INE TLRBRETHmEEREOREEL L TH- 7,

2-2-2-1 BV BHRERMGTO, BHOFEKE L Table 11 1R T, i & 7 — 7FRAIOHHE O 4
KREDOBIE®, W1EOHEE% Fig 4012, #2ROBE% Fig Al c#n TR, #82 K TIEME
DT LIz SO B K ES BRI ER L A HABR O e b DD, 1K TIRFHHEOIES D 22
K&EL, 20L& nEABRONEP o7z, Thid, Bk EOAFLOBETINZ T, HEBLTLS
HOXMAKEE L —R LRV THDLEEZ N, £ 2 TEMRETIE, BEOXMNKEE 2EEHT 2
ZEBTERWD, TOEEELLTY-FEAEAW: (BELS, 1982), Zhik, KBEDIENE
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Table 11. Results of experiments at sea

Net Warp length Ship’s speed Warp tension Net depth Rear end depth

(m) (kt) (kgw) (m) (m)

1 unit 100 — 107 45 38*
100 0.5 120 46 46
100 — 240 19 20*
150 0.7 93 80 79
150 0.8 127 73 70*
150 0.9 229 37 38
200 0.6 123 96 94*
200 0.8 159 71 70
200 0.5 171 50 44

2 units 100 0.4 145 4] 9*
100 — 257 36 17*
100 0.4 404 17 16
100 10 600 12 17*
100 1.6 930 5 6*
150 — 351 28 23
150 — 494 19 19
150 — 779 11 11
150 2.0 903 6 6
200 0.8 300 45 36*
200 1.0 304 44 33
200 14 420 39 37
200 1.3 733 23 24+
200 2.0 900 11 10

— : lost data

* : non stabilized

Current speed (kt) Current speed {(kt)
00 05 10 15 00 05 10 15 20 25
0 , 0 .

20 10 +
T 40 . T2}
: . :
a o |
H Tw
£ 60 £ Warp length
£ Warp length Z ®100m
= A0 ®100m =
3 Zwl 4150m
[ a A150m w 0200m

0200m
a

100 | 50

120 L 60
Fig. 40. Relationship between current speed and Fig. 41. Relationship between current speed and

equilibrium depth (1 net unit, main sinker : equilibrium depth (2 net units, main sinker :
30 kgw). 30 kgw).
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100 r
0 | o 1 net unit 2 net units Warp length (m)
< > 100
[u} » 150
T ool o) . 200
£
8
-
3wt
20 +
0 L . . )
0 200 400 600 800 1000

Fig. 42. Relationship between warp tension and net depth.

Table 12. Time constant 7 and gain constant K for different weights of main
sinker (13-56 kgw)

Weight of Angle of propeller Time constant Gain constant
main sinker pitch changed T K
(kgw) (deg) (min) (m/deg)
13 1.6 5.8 9.9
18 1.6 59 16.1
30 1.6 6.0 17.0
43 1.6 7.0 24.4
56 1.6 6.2 29.8

DNEVIEBWT, V—7EHRHAONKEEIC L > TET 2HMOP I L EEHEET 2D EE X7
DThb, V— TN EFHEKREOEFE Fig. 42 1R LT, FORBOBSEIHAIOKRNERZDT,
IRE2RDF—F 2 Bb¥ TV 7RI RZFDER2HPICHBRE L TRLE, §7V—7TRED
7 — FEE SB35 900 kgw DBFIZ IZHE D THTAEEIZ 10-20 m B TH - 7z, 7 — TSI 100 kgw Rtk D
BRI 7 — 7B X 2 EKEDRVOEECR S, 7— 7&K 100 m THEHEAKEIIK 40m, [ 150 m
THT0m, [{200m TR0 m THo7:o THHEDI DS, TORTE Y FHADPY —FROBIELC
Lo THOFHAELHET 5 Z L BH5IHRETH %,

2-2-2-2 EEUNE SuSECyFAEANELLEERCIVESNLT -5, R NEREKIC X
DHEL (2-6) RDE/NF A—F % Table 121 CRT, THEDNNT XA —F EAVTRDI-EERHED
HEKBEDHETEME L ERE 2 EOERINC Fig. 433 R L1z, 22 TR U7 By FAEERT OO T
KEEOLELTWVD, SFTEERIEIEE I —HLTwAEI RS, Iy FAEEINT 5
KEDIERRD BB L KENRDETNVEHEAT I L 3FULEZ SN  BohicRER T &
FAVEBR K COWTEOER 0BG Fig 4 R L, Tk, BOBRICIS>TIHIT—ELL-
Fro %72, BENEL KB LESY, K OEREMLI,

—F, P—FERZANLLEEEO—FIE LT, SOBEEN 0kgw T, 7—7R%E2200mE0 H L7
BEOHEMEE ERHES Fig. 45 KR LIz, 7V — 7ERERGD 50 5 HRICR S 5/ R & — /3 —
va— bEBRWTIE, STEBEEERERZ LB L, 2OBED K303, Tix90min & o7, Z
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Elapsed time (min) 401 712
0 5 10 15
0 -
10
S 30 | -
Q c
10 } Weight of main sinker (kgw) E 18 E
E 13 < ~
£ - |5
820} £ 20 6 8
° 18 w 5
2 30 § 8
6 10 £ 14 2
@ ] —~
o 4 o 10 a
©
£ 42
[+ ~— Calculation
40 56
0 . . A A . 0
0 10 20 30 40 50 60 70
50 b

Weight of main sinker (kgw)

Fig. 43. Time series of net depth for decrease of angle . . . . L
of propeller pitch from 0.8 to —0.8". Fig. 44. Relationship between weight of main sinker

and gain constant K, time constant 7.

Elapsed time (min) Elapsed time (min)
0 10 20 30 40 10 15
0 — — - )
10}
20 * Experiment
_- Calculation P
St K=03 ‘E :
g: [ T =9.0 (min) g W N
$er 3 ] :
Settling time
50
T 60 |
60 i overshoot : 26 m
ol ol
Fig. 45. Relationship between elapsed time and net Fig. 46. Relationship between elapsed time and net
depth for paying out of a warp from 0 to 200 depth for paying out of a warp from 0 to 100
m (Main sinker : 30 kgw). m (Main sinker : 56 kgw).

DEIW, A== 2— NI LBEIE, LKERRETVEBEATESLEZOND, 72, &K
EBROLKETIE, BOEEN 0 kgw Y EOBEREEL A — -y a— BRI A —/N—Y a2 —
FERFEOEEMETICLENWEMT 2EARD Y, SEAVIIEREER 56kgw) O&E T A —
Ny 2—  EIF26m it LT (Fig 46), 2D & 5 KEELA —/N—Y a2 — PR OSNZHH T,
AEOEE 1 KENROEFNVTER TR LIRTERY, IOFERTRE, V—7REECELLE
B39 ThD, 20 0BBICIIA— "—y2— FEERKEL Tz, £ I 5 ORKEOEIIZD
W, BERIEER Y FIREIC (2-3) RS a FEHL, a D 95% IETHORBELMHHEEFANS L4145
FTHoTz,

2-2-3 =&

BEs, BERAICBWT, 7aRIEYFARBEL TRERZRU 2 &, @I FEAREETHTT %,
ZOBEOEDOFEKE, V7RI EEE LU CFig 2 L) FHIT A EHBARETH D, £72, £
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Elapsed time (min)
0 5 10 15

0 T ——

Net depth (m)
W
8

Settling time

overshoot : 16 m
50 |

go L

Fig. 47. Relationship between elapsed time and net depth for paying out of a warp
from 0 to 100 m (Main sinker : 43 kgw).

DEOHEAEDEIZ (2-6) REFMALCFRETZ I ENTE 3,

WRADTHLEMHORX MG EELLE, FOLORDE VARSI ENNKEE LR ORE TREVEE
ZBND, LizdoT, BERE, 7uSEyFARNSLPO—ELTEIEPEFZ LV, Thid,
FaRIEy FHOBRETIHENEEOMARNRE L W Lo bERTH S, LB >T, FKkER
TS 212, V—TRECIBAMBEI L EFEZOND, BELRMBEDBE, 30 kgw BE D
BHEHAL, V—7EN8ED 3-4 50D 100kgw BBE W5 & 5 WA TIE, V—TRERHTLL
WX D HAGER 40-100 m DEEGH THRE LR T 5 I LVHRETH B,

T — PRI L ARKEORGRGICIE, A ——va2a— BPELRVLBERFLAYERTEIEET
HEHTIE, L RBRRETNMCLY, BABROELR BT LN TE S, =T, A —/1N—Ya—
FOEZECEONZESIE, KEFAREATAILRTERY, LaL, ERERrEZ L L, BK
B A L BERRE R R L T TIE L v, 7V 7EREREOFOFEAER, V-7 RIEEE
LB SHET A I LN TE S, HAERBRORERLS, V- FREFFORBERRZH 52
Wi, V—7ERMECET AL, £—N—va— EEAOLSETLT Z2DORET IR EEEL T
Bk v, & —N—3a— FBEZ RSN Fig 46 DEBRBEROBHE, 7 — 7RBFICE LK

SIBHTHoT2. Lo T, 84 20 THAEDRE Z5ET LI Ltk b, iz, SBEEDH 43kgw
OBE (Fig. 47) wBWwTid, A—"—Ya2— bR I6Mm THY, BEEN 56kgw DFED 26m L D
INEVH, BERIEISA 0B E ko7, DX, AU THNIE, MOBELRETH> T
b, T—7REEBECET S 6 52 MR R L U TEERMEHEL T iFiE L v,
FBrETIIEPAKELRRERGEHCEETE LD, A —/"—Ya— MIEXEBRTRATH -7 26
mEYHESUAEI LB ENTFEENG, V—TRIBERFOY 4 v FEEEREE, & VERHT
BFKELZRHHTELH, F—N—va— " BEEELD I L5, BRETOREDHELBEMIIICRE
TR, EPENBENEEICHEREL (BRI OB I AR b DD, £, V—TEBRERTRIC
G 2EEIKEL kB0, Bk EOBBRELEL 2, B, FEROKTE, HOET
HET ¥ SRR AR RS R s iz, LT, ZOMERBEEER CRESWHO L UhofiL
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BLiER—HL T, TR, EEARTY —75EEL Tw LI, SRR, S v
KORBLMEEMICRNIVPEP LR TV, KEERTIR, BATOBERIEET 2010, ERECIED
EHRLLEEDNDIZEDOEE (20kt) CRMALIEE, COLIRERSRELLEL N, AE
BTO7 —7HNEBRATH 1,000 kgw BETH ol BLITHERITS 1201213, HONISOBE S
HLE50TREL, MOEREZEBL TOLLELH 2L,
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3. HRKREEN S L URIFHE

AETE, BENRALLTYA 7Y 2BIRL, BUMANE SHB 2 A CHBRBEARETS 2k
XY, MEEORERS (BET 26) 2H~I, ok, BIREHBREEL, <{ 7V vicnd 3
REREOENZ DVTRI 2T o7, &7, ZFEBRC BT 2MBEOBREEEZTAL ZLicky, &
B OERERER & U TORIE DV CHHEL 72,

3-1 MEEeHE

3-1-1 B L ERAE

BEHARE, R RFEMERA O M EN (470ton) 12k v, 1995 F 4 A, FEABERE (Fig
48) 1B W TEF 3 | (B 1-3), KU 1998 4 7 H, HEBORMBOITH 2 » & (Fig. 49) B
WT 1M (BB 4) Thhiz, WTFhORBRCBVTHFENREII~ A VY Tho72, B 1-3 Tl,
BEEENEH ORI o727, KEH0m COFHEIIRERETIZ 04kt 2R, MeT 2.0kt
BETbhoT, £/, BEESOKEIL 200-1,000m Th-77, T77, RBE4 T, HIFEIZH 06kt T
AKEEIEH 600-800 m TH o 77, HEREBRDONE % Table 13 1277, B & 5 USEE OELES L BE
HREERILRT 27:012, RBR 1 TEI@ERERCHAW, BOE EBNETE» - 2R 2 TREL
MR OBE L ILL TRMBEIO A OBEFABE 2TV, BB 3 CREUBEOADRBRET o7z, 72, &
Bi 4 Tk, MBREORIRMHEEHEE, BT 27201, MRELERCHEV, WThORRIZE Y
THHROBEREN 2-3BRTH - 77,

3-1-2 ot

HER 1-3 CHEALLE UM R OMEN S L Ok %E # 2 h Fig. 50 L Table 14 iR~ 9,
LR T, EEL BN, BELOTBHOMERD 2HRT 200 TFBRY T sh, HE
FFEEFERC L OEIETCERINS, AHERTIE, COFEAORIPNRER LA TV AK
DEER TCORBETREE TH S 30m & Lz, FRHINZHEEIAVYADOEHE 33,43mm (4 o>

139°E Boso
20' 30 Pen.
T T \
Sagami
0 10 km Bay
| I S U S Y |
34°N e
50 [~ 0

4 Towed gillnet
® Drift net

W

Fig. 48. The area of sampling operations (OP. 1-3). Solid lines show the tracks of
Tansei-maru with the towed gillnet (open, deploying; close, retrieving).
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140° E
¥
Boso Pen.]
35" —
N o
30 I ) . " s . L
139° E
20’ 30 40
- I |
35° N[ ]
10’

A Towed gillnet
® Drift net

Opa

2\

Fig. 49. The area of OP.4. Solid line shows the track of Tansei-maru with the
towed gillnet (open, deploying; close, retrieving).

35° N

Table 13. Conditions of sampling operations

. . Current*!
Op%?)tlon Date Gear type Anzgt;geliﬁ?gt of EIISI?I?) —
. speed (kt) direction (°)
1 13 Apr, 1995 Drift 33 mm, 43 mm, 72mmXx1 20:13~23:45 0.4*2 260*2
Towed 33 mm, 43 mmX1 20:22 ~ 22:46 0.4*2 229*2
2 15 Apr, 1995 Towed 43 mm X1 18:54 ~21:20 1.6*2 18*2
3 17 Apr, 1995 Drift 33 mm, 43 mm, 72mmX1 18:30~21:00 1.0*2 56*2
4 16 Jul, 1998 Drift 33 mm, 37 mm, 43 mmXx1 00:30~ 04:07 0.6*2 50*2
Towed n 01:19~03:15 0.6*2 55*2

*1 At 30 m depth
*2 Average values at each operations

/745X, HE ¢ 0284 mm), SIPEAOHE 2mom, (F, BHEE ¢ 0403 mm) & 1 KO3
RCTHotzo —FH, BMBOERERIFHECRUIBERBEL L, BE1X33,43mm (FfovE/
T4 AV, BEE$0284mm) &L, FATNER1IKERL 2. HRAOHHAKEDERD S, B
ETHMKELRAOmMBELEEL, MEOKBELSHCREALBEERY RkgwBE L L (B
HE 6kgw OFEX2), V—FRIRBEADORY FurLryu—7 (BHRE ¢ 104 mm) 2 FE5bE 2 HH
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Drift net
PY o DUy Py
r AN
ing Lines
GPS (30 m)
Buoy

/ IS 7.

BridI:: Mesh size size h/llu//
Bom // 4 mm % 72 mm

Main Sinker Main Sinker
(1.2 kgw) (1.2 kgw)
Towed gillnet

~+— Transducer Controll
Buoy
L]

rf g Depth sesor Wm
Z
Mesh size 7Meoh size /
33 mm / 43 mm
¢ P71 IS PY. / /
Main si Sub sinker
a2 k"“:'k)" (1.9 kgw)

Fig. 50. Constructions of both gear types used in the operations (OP. 1-3).

L7z, B 1 TIREE 33,483 mm OFEEFFW LT TORVTHERALE, ZORROBEMAEBCES
33mm OFAVBBEEL 72729, RER2 CRES B3 mm O 1 KOAFR L, &8, HETOEKED}
HICEAF v U~ —EF (AFxvyr>—#18) 2EHLL,

HER 4 THA L #OME R Fig. 51 12, R0 FEM % Table 156 12 2 h £ hRd, HE 33-43 mm DY
BHBRE L OA—DbDEFEA L, REBRORME T, BHEFOBEAEN S, »OMEKY 282 2
7o, V-7 L EBFEN IR AEATERO ARV HELE I0m BEOHEE Y AEHOHE (B
& 115 mm, HE ¢ 0.5mm) 2BA L%, FHEOHEDOLEIZI0m TH D, HERCIRFOZTFH,
TP EELCHEAL, L5 T, fLRIZ100m Tho Tz, EPZF DO BE DR IZIRE 1-
3 LAERTH o 7z, RBRBHIARTIC, SHEARRAB L AL TABERE2TY, v 7y Ll n- AR
FHROKELZERL T, RULAROFERES L URMBOREAER 15m & Lz,

3-1-3 #BEHE

BFABRTOMLAROBERIROFETITbNIz, FIR ETRMOETM, wTPMeERfL %, ¥
DR ABRAEOBERE b L CEFEHOR S 2HR/E L, BEET O GPS 74 2D 1137, #iF
BMEL VT, BEZFFRLIUEERZECEI RO KTREE A U, 2D, MiIZFm
WXL TH 20-40° DA ERBHTL 72, —BOBEMNMO®K, GPS 71 i X v E2EERL, MELD
ATTTEHEREL 2,

BB OBEIUTOFE T Tbhiz, PIRETEBEL2EBE LK, V725 M) —Dua—F—
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Table 14. Specifications of the drift net and the towed gillnet used in OP. 1-3

Weight*!

Length

Height

Gear type Ttems Material Size (Diameter) (kgw) (m) (m) Number Remarks
Drift Net Nylon, monofilament 33 mm ($0.284 mm) 101 8.0 Hang-in Ratio 0.52
43 mm ($0.284 mm) 101 8.0 Hang-in Ratio 0.52
72 mm (¢0.403 mm) 96 9.2 Hang-in Ratio 0.48
Float line Polypropylene (5.3 mm) 49.5 2
Sinker line Lead within Polypropylene 100*? gw/m ($10.5 mm) 48 4
Float Synthetic rubber 195.6 mm (¢439.5 mm) 18 Buoyancy 235 gw
Main sinker Lead 11 2
Shackle Iron 0.5 15
Towed Net Nylon, monofilament 33 mm (¢0.284 mm) 101 8.7 Hang-in Ratio 0.52
43 mm ($0.284 mm) 101 113 Hang-in Ratio 0.52
Float line Polypropylene 21 gw/m (7.1 mm) 49.5 2
Sinker line Lead within Polypropylene 100*2 gw/m ($10.4 mm) 48 4
Float Plastic 100 mm (¢35 mm) 173 Buoyancy 59 gw
Control buoy Plastic (180 mm) 1 Buoyancy 1700 gw
Main sinker Lead 6 2
Sub sinker Lead 1.9 1

*1 Values in air

*2 Lead : 47 gw/m, Polypropylene : 53 gw/m (in air)
*3 Lead : 62.2 gw/m, Polypropylene: 37.8 gw/m (in air)

BE M OHE ¥ X ¥
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GPS b
Buoy uoy Buoys
F'Y

Mesh size Mesh size Mesh size
43 mm 37 mm 33 mm

30m Sinker
Towed gillnet
+— SCANMAR
g transducer Control buoy
, 4
,
- SCANMAR
Warp 7, depth sensor Memory depth sensor 20m
A T
Py PRSP N
“K Mesh size X Mesh size Mesh size 9.7m
net A 43mm X 37 mm 33 mm
¢ 10m 30m Sub sinker
| (19kgw)
Main sinker
(6 kgwX2)

Fig.51. Constructions of both gear types used in OP. 4.

ZHELCHECESL, ZOEGTCEETERMD, 2LT, 77— 7L ERE L B0k R
50em BED O — 72 OE# LRI 1072, fOE TR 20m 00— 7520, fMEET Fh L7
kgw) ZEUD 7, tETPMERICI3MEEIE (KPEER 1L.Tkew) 2HY 172, BHEORIT 1 kt BEETH
TL, MBIET, im0 (FEEgE2at), |OETRL, V7— 728X % 180m 2 Tl U, RER
FORAKERORE X, V-—TRESURTEC Y FAHADOEETTbNI:, —EDBERMORICEBHELE
ML, WORBEIHMEBEMLCKZ T —7%25& L, 20OBBKUBR L EREOFETHRMAL,

MBEZEALFEER L4 T, Z2o0BBOEEEH<T-0, MUMRESRMEL 2% 10 9RE
(#03=An) il, RMBEIOBRELFBL, ZTL T, SRMOBEZ R UANLERL CTEHE
Lizo §72, £FBLZE L TS X RED B W EABENE (EPFESH FQ-50, EH
#650kHz) ZAWT~A VY ORABEERL1-, BlER, RE1-3 TR, EHCREShILA TV %
MrsiF Lk, 2hehd 58100 B2 L TR (Body length) 2HIE L7, HBR 4TI, [
BECL VBN EEMIRANCESECNES N, Z LT, BREIWCMA T, BRESAL, HIR, &
KAFRHOEERE LWy o DFESE2FhFhilE LT,

3-1-4 @BRFRMEBIROHEE SR

HE 4L THRONWHBREOHEROWERRD T —% 2 AT, WED~ A 7 VB RS EHE
L7z AP TRBEMOBREOREEEN L T2, FHEDOER2 1 AOBIRE~A Y —H —
TTET Z LT E B Kitahara D755 (Kitahara, 1968 ; BEfE - 388, 1999) %AWz,

—217T—



—8Ig—

Table 15. Specifications of the drift net and the towed gillnet used in O.P. 4

Cear type Ttems Material Size (Diameter) Weight*'  Length  Height Number Remarks
(kgw) (m) (m)
Drift Net Nylon, monofilament 33 mm (¢0.284 mm) 62 9.7 Hang-in Ratio 0.52
37 mm ($0.284 mm) 62 9.7 »
43 mm ($0.284 mm) 62 9.7 »
Float line Polypropylene (7.9 mm) 30 2
Sinker line Lead within Polypropylene (¢ 16 mm) 30 1 225 gw/m in water
Float Synthetic rubber (452 mm) 34 Buoyancy 235 gw
Main sinker Lead 1.1 4
Shackle Iron 0.5 3
Towed Net Nylon, monofilament 33 mm (40.284 mm) 62 9.7 Hang-in Ratio 0.52
37 mm ($0.284 mm) 62 9.7 »
43 mm ($0.284 mm) 62 9.7 »
Float line Polypropylene ($7.9 mm) 30 2
Sinker line Lead within Polypropylene (16 mm) 30 1 225 gw/m in water
Float Plastic (52 mm) 34 Buoyancy 235 gw
Control buoy Plastic (4180 mm) 1 Buoyancy 1900 gw
Main sinker Lead 6 2
Sub sinker Lead 1.9 1

*1 Values in air

w oM H ¢ XY ¥
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Kitahara O /55 Tix, BE mi OBRER [ 28T 2 BINEK S(my, §) 1, 0025 1 OfE % & 2 F4%)
RELTEINS, YT Kitahara D 5EO—BR %2 RT,
c5=8(mi, l;) « g+ d; (3-1)
ZIZT, ¢y i TCPUE THY, @R EOREFTHEC & > TEELSNLBRERRTHD, d; 3R
BROHENEETH 2, 72, ¢ BEESELEL, ¢=1 LIREZh %, Kitahara D FE T S(m, I )

THELUROLOBKE L TRy Z itk Y, RAD &5 R 2 BEORIRMMIRZ — > D lifg
(VAZ—H—=7) TRTZLNTE D,

S(mi, Li)=s(l;/m;) (3-2)
KEOHE X (3-1) R ERNE2RAL THBUE L 7 kX2 v 5,
In s(l;/m:i)=In ¢;—1n qd; (3-3)

ZZT, Ingd; BIEHEE 25,

KGR TIE, BRI (1999) 2 X VRESNIIEEE Iz Kitahara O FERAWS Z Lk D, &
RHEMBEOYR Y — 7 — T CHEOCHEEF 2 REL, OB L 2R L EREL L TES QL
ZHEMMEOREFL M2 R/IMET 5 2 £ T, RRER S &£ ORFIEHE (¢d;) 2RO 7 X -5 L[H
FRRCHRET %, HERX BT 2FMEEBIIUTOL S wRI B,

6,=3[In s(Ry)—In §(Ry)]: (3-4)

TZT, Ry=li/miTHY, s(Ry) ZEE»SESNHENFE, (Ry) SREI I & 2 1ENIROH
EETH D, kB, R (3-4) BT BBREFHM 6. DB/IMEEHEIZix, MS-Excel (MS-EXCEL ik
Microsoft, Corporation DB EKMEHR) WX o N BRBERHERY —NVTH B Y VN2 TUT> T2 (B
7 - WiE, 1999; B¥E, 1997),
FEHE G 2 2T B0 3, Fujimori et al. (1996) 12 L7253, KISRTHERZ AV,
F(R)=a, R*+an1 R*'+an,s R*2++ao (3-5)

FIFOBIRE 2R TERE LT n>4 25EY L R 58 E513W ChH 5 (Fujimori et al., 1996 ; BEZR - FiE,
1999) 226, KFFETIE2RE SREODVTEHEL, BEAVONREER D HEIT X U &l R
BEIRLU Iz, B NEREEC BT 2 z BOSKWT 2 ELROBESBOTRIEER 6213, FOBETS
fle. 2HVTRRTEZoN 3,

8‘2:08/(75_}))7 72731/, p:/l+(l_1) (3_6)

ZZT, p ZBBIEONRT A -5 B u CHERERE R[N A5 ¢d; D) 2 5, EXRy b (£
HAEOF TR OLWEDZ D > IAERIER) 570 1 EREG O EMZ BT A THE, 5*D
fEA/INE W5 2 BRI R 2 R BB Bl KRB L UTEIR L 2,
BRARERED Y XY —H — T 2T s(R) 3, R (3-5) KBI2HBKME Fouw ZAVTUT
DEIERIND,
s(R)=exp(F(R)-F ma)
=exp(an R+ an1 R" 1+ ang R" 24 -+ a0~ Fraz) (3-7)
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Free i3, R (3-5) 0BLT ooln F(R*) £ LTHEY 52 5 R*2HHL, Z0OMEERIRAT 2
Ztiwkv@Eonbd, 22T, RB* BZHENMEORKERS L BEMHEMEETH S,

3-2 BREIUER

3-2-1 ¥&EHREN

HER1-3 BT A IERHES Table 16 iz L7z, 2 2 Tid, 18em LI T O/NBIfIZ £ 80%, 18cm Dk
DORBAIZZDO—E2MIERTHE L THIE Lz, RAB1 T, BMBLHLEREZNZIICH 150 E
DRATYBREI Nz, FTe, BER2BLTHHRER L L ZRERO~ A 7 ¥ BEBAIC L - TRE

Table 16. Body length distributions of Japanese sardine caught by the drift net
and the towed gillnet

Operation No.

Body length class

o) 1 p) 3
Drift Towed Towed Drift
14-14.9 0 1 0 0
15-15.9 4 5 0 0
16-16.9 11 14 0 1
17-17.9 7 5 1 1
18-18.9 14 13 8 6
19-19.9 38 26 30 19
20-20.9 11 15 30 3
21-21.9 5 6 21 0
22-22.9 0 2 2 0
Number of samples 90 87 92 30

218 cm : random samples from the amonut catch

40 | Driftnet N=so
30
L2
g
210
o
g0
<
rLl
2 Towed gillnet
BT
s N=87
X 30
20
10 |

[
14 15 16 17 18 19 20 21 22 23
Body length (cm)

Fig.52. Relative body length frequencies of Japanese sardine caught by both gear
types in OP. 1.
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Operation 2 Operation 3
(Towed gillnet) (Drift net)
40 r 70
Mesh size : 43 mm Mesh size : 33. 43, 72 mm

& N=92 1 N=30
g 50
E=4
[
3 s
Q2
L 30
3
2
B gf »
[
o 10

° ° R S— — R

“ 15 18 17 18 19 20 20 2 2 4 15 16 17 18 13 20 2 2 28
Body length (cm)

Fig.53. Relative body length frequencies of Japanese sardine caught by both gear types in OP. 2 and 3.

Table 17. Body length distributions of Japanese sardine caught in OP.4

Body length Mesh ?i;gt(mm) MeshT;)i‘Z:?mm)

class

(cm) 33 37 43 33 37 43
13-13.9 0 0 1 0 0 0
14-14.9 0 0 0 0 0 0
15-15.9 0 0 0 0 0 0
16-16.9 1 0 0 2 0 0
17-17.9 4 6 2 4 4 2
18-18.9 5 16 17 3 10 8
19-19.9 2 15 11 0 3 10
20-20.9 0 2 3 2 1 7
21-21.9 0 0 5 1 4 6
22-22.9 0 0 0 0 0 2
23-23.9 0 0 1 0 0 0

Total 12 39 40 12 22 35

SN UMD ADOBETH - 23R 3 CHAF 0 BO~A 7 Y pRE S Wi B 1 Tt LAFEL,
B> TEOhlzvA Ty o UA (18em T : MULMAET2E, SHET220E, 18
em BB B USRI T 68 B, BT 62 ) DKM % Fig 52 1R LT Ml € — F &2 2 thRRE
Wiz e B2 195em THL L, WEGRGH L IZIZE—Thol, B, HBR 2,3 BT 2 EI N
v A4 7y OEREHERE Fig 53 1Lz, BB 2 ORMB L 2ECBVT, HBR 1 IckERTE-F®
BEARGEIEC TR, 2hiX, FRT2885 48 mm DA TH- I &L, BEEBEPEL DT
DI RBEFOHRIRR 2 bDTH- AlREMNH 5, BB 3 DM LAM T, FHESIIRER ],
2LE—ThoilbrrbsT, MERKIERC L, MEARGH b o7, R4 KBVT
WREIC L D RSN <4 7 Y OEEMSR % Table 1T 25T, 22T, BIRMEHMGEHEEDSENNS L
L1 hEEHROEES % Fig. 54 WR LI AHBR T, T— FOMNBIETOHELR SNz b DD,
WEIN TV AEREEHIZIZIEER—THo /1, RER2 KB 3RMBTO~A 7 v OEMIRG % Fig. 65
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o Drift net

Mesh size (mm)
33(N=12)
037 (N =39)
W43 (N =40)

4t
30 + [0

20

~~

=

"

> 10

Q

c

o

3 0

=

‘; 50

= Towed gillnet

]

« 40 - Mesh size (mm)

& E33(N=12)
037 (N=22)

a0 b o |43 (N =35)

20 | [

17 18 19 20 21 22
Body length (cm)

Fig. 54. Relative body length frequencies of Japanese sardine caught by both gear
types in OP. 4.

Fig. 55. The hauling of the towed gillnet for Japanese sardine at OP. 2 (off Izu).

VR LTz, FEHEIREE (MO AORIE N ) 2BIL TIE, RS 0 DA & 2 WD R DEFED )
WA R UM TIZEAEEWITR L, LR 2 EPRERNTCEZ 2B RFCRO Y
Mmooz,

AL OBRICEWT, WLENERFMORERN R HE T 272011, HRELIA 7O/
EFHBHEHCLDOTHZ Z EHPHHRE % 5, TNZNOREMSOEHIZN 03-04 v~/ VEEETHD, 15
SNTERMAKD L —BL el eh s, MEIFRELL~A 7 VIR CRERCBT 2D LKEL
fze 2O EMS, MM EFRUMBORERNIIFAETHD, BiEIK L 2BEAREL+SCEHT
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HBEZEBHLLER ST,

—%, BBLIZBVTE, BOBRICI> TE—FOUBRHERETOHEEBR N, 2O L
» 5, FUMAR L RHEITIE, ZORERECHESD ZTREESD S, 7, AENRL R SAKO
HEGFELEEGR L LTES 250113, BEOHYZHAGORBLELE LS, L EOBEHRD» S,
WREDO<A Vi d 2BIREZHS LI L TBLLESD 5,

3-2-2 EIRMERR

FIRME R OHEE 1213, BRI EEDO DR ERERERA L, 17-179 (cm) 205 21-21.9 (cm)
REEER & UTHIz, Kitabara 0% AW CHE L7 BIREHRICDOWT, RUSBE /RO
HEINT 2 KRB & U3 REBOBHEK, BEFSH 6, BESBONRHEER 6°% Table 18 127”7,
7 OEE, BUAATIE 2 ROBED, BB TIE I ROBEVE bII/NEhol, MEAED 2 RB X
U3 REEBOENSIE L EBED Fay f RRT 75 7% Fig. 56 R, W UBERTIE, BohizEER
EREEAE (B4R E) HaEhit LTEEBEGNHROERIZRL, 62 OFBROED, 2 XREHK
WL BRBESHEYITHS LM TE S, —H, MBI TR, HAENBRRESKE WERTOEREDOH

Table 18. Parameters of estimated selectivity curve of both gear types by Kitahara’s method

qd;
Gear Function a; @, @ aq Length class (cm) O o2
175 185 195 205 215
Drift Quadratic — —1.40 13.42 —29.19 030 100 083 021 031 0.56 0.14
Cubic 0.33 —6.44 39.18 —72.74 031 100 0.81 021 029 056 0.19
Towed Quadratic — —-0.51 4.66 — 857 047 100 080 058 0.95 2.74 0.46
Cubie 047 —17.97 43.38 —7473 048 100 074 058 086 222 0.44

Drift net Length class Towed gillnet Length class
10 (Quadratic (om) 10t (Quadratic) (cm)
.175 .17
08 [ 4185 08 | 4185
195 =195
06 *205 06 *20.5
X215 X215
04 04 |
g oz 0z |
H *
£ x
g 00 g . 4 00 .
® 3 4 5 [ 7 3 4 5 [ 7
s )
- Drift net Length class Towed gillnet Length class
E o} (Cubic (cm) wl  tcubio (cm)
175 ®175
08 b a185 08 + a18s
195 =195
06 | *205 06 | €205
X215 X215
04 04 }
02 | 02 +
¢ x
00 : " ' 00
3 4 5 [} 73 4 5 6 7

Body length / Mesh size

Fig. 56. Relationship between ratio of body length to mesh size and relative efficiency estimated for both
gear types.
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08 r

----- Drift net . . .
Towed gilinet Relative maximum girth
08 [ 5
- H 06
b
06 2+
g0 g
E -1
o 8
3 04
g \ |
« ] Open : Drift net
2 Relative girth at gill Close : Towed gillnet
02 b 2
£02
&
00 A . N ,
30 40 50 60 70
Body length / Mesh size 00
Fig.57. Selectivity master curves for Japanese sar- 00 02 04 08

Relative distance from snout

dine of both gear types.
Fig. 58. Relationship between relative distance from
snout and relative body girth to body length.

PEE T LB OBRICHRTRES»THY, SREBIC L 2RBRIIZY L £ 5h 5, Fig 5712,
TLREE, RBBIZNTHOTAY —H—7 2R, HENIESRK L K3 5EEET, KUK
48, RMETIZ46 L2, MULEROABKE Lo, iz, HMMEROK X WHEETOHENED
B XBRMBOFBRIZSNTH o7,

FIREC & > THRES N4 7Y ORBIRZHE T 570, SHUTRETH - 12885, BAIREL
DERREERRTRLIE ENEE G.) &, Wikh 5> KFHHERL 2 COERLERECRUE (X
FREESE L) L OBfREHE L (Fig. 58), ZONM» 5, MRAC IV RESN:<A4 7Y OBRIZIZ
RERBOBRON o1, MABTHESWI~A Y YORBBMNBERAR L EREOBEFRE2ESHI
Fig. 59 127", 58, HE33mm Tk A v b~ — 2712 & 32 BN EBEOBRASTEETH 2 BEBD R d-
727z, BESL B mm DWW ITRLT, 2O S, BE 3Tmm Tit, BMHO oy M 8%, FHLIE
BANCHEARTHEBICR > Twiz, —F, BE 483 mm CRAEBRERCAKEREZERZIR Wb oT, 22T,
A TORMMNE 2 BT 2720, WEIIh<A4 T YOy 5 BRME  TOMERE L, 05
Eofi% Fig. 60 R Uz, 22 TH, FECHSE 37,43 mm OFERICOWTDATR LY, HE 37 mm ¢
BRAEWE L DE—FOMBRRICTHY, TE—RFIOEROF -8RI Tz, UL, EHHOS
BOTPICESFS 2EASR S, BA 483 mm Tit, HLEEL IO FHERL TV 20kt
LT, BMBITIRE—-FOEMMBRII Tz, LT, 37Tmm OB L EREICOTHICE L H X 3HEE
BR oSN,

RIMORETIE, BHERRCERT 2MERES (AKEEH) < Xo TAKIRED > h TREICBIR
nz (BE, 1965), Z D10, MEHENLRLZ 2503, FEOREER LI E L 2 TaeMs
Hb, BRETE, BFRC7 -7"BEESNTHE7:D12, ZFHAI» BT CEL 2 FER IR
DERAPBATE EEZ 5ND, ZOREXSBROMBIZ L > TEL, BT —7 L OEEZED
MEERE 2 e lEND, Z7z, BMENSE I L TCHEP ETARIIOENS Z L1z X D 8 H7>
5%, WHMEINFES2 Z LIS, Z0L3 BHENELHS 2EAZ2EC IS EL 00
%, KB, BEBREOGRMRD &> KB OEESEE S h2EASE SRz,

AH (1962,1963) iz~ 1 V> ORIREHHEF N, HL2EEGOMOEELE L ZOHALEY % 4.9
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300
Mesh size
37 mm o Drift net
250 * Towed gilinet
200 o Peatiop 0 .
° n" g ag.s .

150
e
\_E/ 100 L I 1 L L Il
ﬁ 60 70 80 90 100 110 120
i=
K]
€ 300 [
@ Mesh si

sie © Drift net
43 mm * Towed gillnet
O
250
° °
200 o wote
%9 ° ® O%eo o® °
o° * %00 °
150
o
100 . ) L L . :
60 70 80 90 100 110 120
Net mark girth (mm)

Fig. 59. Relationship between net mark girth and body length of Japanese sardine
caught by both gear types.

60
a . =
50 Mesh size Dnﬁnet('N 26)
37mm B Towed gillnet (N = 7)
40
ol
20
g
3 w0t
c
H
'g 0
(]
o
k: ' O3 Drift net (N = 22)
& go | Meshsize 8 Towed gillnet (N = 12)
43mm
ol
wl
20
10 | H
. SN L N
000 ©005 010 015 020 025 030 035 040 045 050

Relative length L_

Fig. 60. Relative length L. distributions of Japanese sardine caught by both gear
types.
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ERELTWB, w4 7Y RBL T, KR THAIL AROSEIIST 2 HFEEN09 LEZ, ¥ OfE
ERIETSEH45 LR85, COERAWT, FHRTAHVWLEERINT 2REFRRELEET 2 L, HE
33 mm T 14.9 cm, 37 mm T 16.7 cm, 43 mm i3 193 cm X 2 2 J@EI Wiz <4 7 Y OEEMRK (Table
17) LHET 2L, FHICIVHEINLBBEARE L - FBEIR—BL TW3DRES 483 mm DHE
DAHATHY, BE33,3Tmm BT 5 E—Nid, BEAERLD bRE» o7z, ZhiE, MRE LUHEH
ZBWTHS 33,37 mm BEERNR L T 2AREHDOEERSDLr oI EERLTWVWE, ZOLIR
Hip s, BIEE 33 mm OREERS ol bDEEZ SRS, Zhik, HE 33 mm T3k
FILICL 2HEEL D VAL 2HENS L Roh, BEMESEANTE20IZEBEOS WEENS
Dol o biRlENS,

VAT CHEAIWIERRERE T, BREINAOHERISTIBICVL 2 ADHEKERL TWE0D
BEE L, 7, BlIZEH2FEORAOEINRAREHREL L VEEE Y, NRADYT A XD S
PUDBHITH 2BETIE, 2094 XA EER»DOBIRENICHEST 2 LEND 5, WiREOFRM
MEMELER, BEd 2RdtRE, RULAROLTBEEHEGERTO2 KEr o, iz, H
LR TGN TH 5 2 KBS HETITH > 720 LT, BFM TR, BROKEWEBEORIR
BRESHERS 3IREFISEE L2, DD, BEINSE <A 7Y DHBARREREDKE WA
RAAREMH B, Licdi-> T, EBRFEHRATE5CE, 20L& KBEEOFREICEVSE U 26
URDH2LIEE2RBEICBWIETHERATIONEE L, 7P, XRABRERE» SHESNHRED
BIRMHBROERD, BESLOREEROITS DR L 2HELRORECH L CEERETH S H
B ESBRBRE T 2LESH 5,

AR T, HALLEEOHEAEDEPEBERICAHT 5 ~4 7Y ORI L CRETH- 72
ERE ARV, FDH, BEINA T Y OBEEES TS TIIEbolz, £, BRBIEBLTE
HEOMOEEZFBRERBRIIBOUIFE—THo72 2 v s, BERFCB T 2EHOEE,, FHAK
COBEERALTWLELROOLTIREMCHESMC TR TE RN, LT, SBIB K
HEOHAGOEE2ERET 20 L THERBR > ER, WOBRICERT 2 EEROEL 2l H
NRTWLSBENH D,

3-2-3 BEHRAERICHIT IR

3-2-3-1 IR HUMAN T, BETOMEKRD 2HERT 2291, BOPH & SEOERT I EZ
T L EERY, X5 RRFEETFCNET 2 L5 CRABOSEERY NI 2 0ESD 5, KRB
DARLMBETEIR2EZ L CHEALLOT, FHOH-IC 1 R TEH 34, HEH2A, M 24
DEEHTEREY fTiF Stz (Fig 50,51), T# 5 i, BERCEWSKRELRWE ST, FRFROFE
%% 50 TEETZNERD -z (Fig 61(a)), 7z, HFEEHAD GPS 74, BHICE & EiF 28Iz
KR 7ABLUPENS BRRT—FOMBETH o7z, Lo T, KRB TIREHR LICEEEIETT
EFFREEFRED L@ T 201MNA T, EEFOEFEEZ 30506 1FEEEL, £/,
REREROBRB N ABOEHKENR L ZBECE, ZOMEFERORE 2o UHFTHT
BLEBE U, —F, RAE TR, SEOEEFZICML T, BECHIET L 0mOu—7% 14
WOFI 2720 TECDT, 2TOEELH 10 HEE L BORICITS Z EBTE, SCRHBIEORY 1
FOEBThoT:, BFETIE, HOS5HUHT—FRERBRLO VA »FIZEREL, BOTELEND
%, LdL, TOFERBEEHOABCTAR IO THEETOH T LR 2D TR 572,

3-2-3-2 @ WML L, HEMEBRHORY vy Fu A h e Ushl, HLENTE, SHED
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(2)

Fig. 62. (a), The retrieving of the drift net; (b),
The declining of the swing type gantry to
retrieve the towed gillnet.

Fig. 61. (a), Arrangement before deploying the drift
net (A, buoys; B, coiled hanging line);
(b), The retrieving of the GPS buoy of the
drift net.

WERAT ABICFEET E SR ERIDBHICHR LA LItk Y, BEMEY LBMEE RV O ER
TELERD o2, MM TIIEER LB Y — 7ORREENLE L 20, 4 v FOFBARY
WRHCREIR RS podz, 200m O7 —7ORBICE L -RFHIE, SFBBRE b HTH-o 72,
3-2-3-3 HE WLMETIE, GPS 71 OBHE b L WHEOME £ ThET 2 0B H 5 1o, KRR
Tk, fAEERLTHhOBET2ETIC30 505 1 BEREEL 2, B8R, GPS 71 L&l 7
42RO =T E2ORFCAHBIMEEL D 7 v 7 2% Uiz, 20K, AV 724679 7T74 Y
ElRSDEFETGEGPS 74 2 Ak D [EIRL 72 (Fig. 61(b)), Z#h b SfinOF iz <D, ik
AV w7y x4 X051 & BT, BHFCEME BRG] & EiF7. COB, FiK EoEEREIKAR
##15 & T OBE L, FFM, LT E O»ATAINC L DBINL 7z (Fig. 62(a)), — 77, EMAETIZV —
T ORI Y N ) —OWEICEET A E TSRS FIFBIC, A ) —EE AR
WLz (Fig 62(b)), 207 — 7 & & EIF1EEIE, HB#EaIO7 —7Ricd L 5205, 7—7KE2 200 m 2
ETHo>ToHIB I TRT Lz, TDROBOBYERIZH LR LIZIZR—TH Y, R ETHOE
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Fig. 63. The retrieving of the towed gillnet.

IV 2 & TH 10 2 THEf AT L (Fig 63),
3-2-3-4 BMMBOBKERE SWMEORAKEFEFO—FLE LT, 95 FEfTonRERREICD
W 21To 1o, BB 1 TREEHOESOZERENE L, AR 1 FEE» S OREAEITH
Tholz, BIETODEBRBRICL 2 &, #8F7 — 7K 200 m, EDEhER 30 kgw OFRAETI2BWT, #
K30 S THI60 m 1L Twwiz, Lo, HESHT2E TS MR 1 KEBOKER, oWy
KREZEL TwRdhoT, ZORKE LT, BFEEZEDO7TTE Y FICL 2MBEOHREMOEEIFE 2
Shtz, £72, FREMAZTHELR EONLOBELEHETERVW D ThotEZ6NE, TOH
BrE5F 2, 2OBHOBRTREBEIEIC I U TR L5 7uIEyFR2EELLEY -7
EEBELT, ZOROEY, WMEE R RERB O BESRMtB L OHEAEREO—Fl & LT
Fig. 64 10 R L7z, ARERTIE, WOBRTARHN3HTKRTL, ORIV —7OEY ML 2K L, %
NS 4B I80m OV — T U AR T L, BHEMAREEZEORAEIITHTE > 1225, #
PEHEAREICET 2OICE LB 405 TH D LHFI S iz, WG » 560 5%y —7%

0 30 60 90 120 150
0 : . , e
E ot "-"ﬁc;f‘k ]
s . ;f -y ;
2 40 | “ 4 ; K
8 “_.".‘g’wms . -
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Sl e e e T J
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Fig. 64. Variations of net depth and controlled conditions (warp length, vessel’s speed) with elapsed time
at OP. 2.
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Elapsed time{min)
90

e e .
LIS 2NN N N NI SR
? P o 1 e Ml e

100 J+ - HEEL

Fig. 65. Echogram (50 kHz) of sardine shoals at second operation. The broken line
shows the net depth of the towed gillnet.

50m#& X BT 70T, FAERH A0 Loz, MEOBEIMD 7z & BHARRERK 75 5358 TRAZKER
B ER U85, 85220/ 16 35 i3AEN 20m BRI ABERRA L0, BEYV—7%50m
2 PP THAER2ZDKECEDE S Z LB TE S (Fig. 65),

WUMEELL, BB B THAEEZ Bn b LR 30m T—EL LTWwk, Zhll EfkE:
ELT 51213, BEMBELZVBESCREZMKY 282 Z L8 <, HLE2EYIRRTOESE
HIMET T2, Lietso T, BULBE TR IAUEOBCAMT SR L RET 203RHETH S L
Hxhnzd, 512, BEOEEDSBEPCHAKELRE T2 I ENTERVD, NRABOEKE
BRELTHKELA—DHEDA LS DRERIRAD RV, £D7: D, REIZBHTHY, £
DEERTFEER DD LR D, EBW, RUPEATCRARORHZHrO~A7vDbD L Bbh 2 AHE
BOSEAEMNT RS M-SR T2 R RENE S WY, BAREMLCARSHENR N Er T2
REATCRRELBR D o, —F, BMETIR, ARORKIIGEREL T 10-60m & X D K »#iE
WCHAAERRET DN TER, 29 LI-BEFOMAEFAGICL > T, AR L > THEREN=
A9V EBEbN 2 ARSRENICRET 2B TELEEZoND (Fig.65), 2Dk S, RO
KB L HKER —B IR 5 2 L CHERRERTY Z e Thhil, REMicb 2BEOLE
BB rBbhs, 2512, BHERZBHEBESTHL D, RUANTRERSEE L %57
DICRESHIEEE2 L3 RBEKY, HLBRERENIRTHI LEXOND, ERAFAR B
Th, BB, BAEL CRAZOENED-2Dic, RUAMOBRESRES 2220145
BBECLEPEFMB TR TH o7z, IRSDED S, FERNB L CRIEELRANCHET 5 &,
BRSNS NETCIERISRTELRUBRCHERTEFENERATH L LI TE %,
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41 WA

BHEFAEM TEAI W I2BELAREAORER, BRERBSHHCERSh L WEERERCBY
THTFEFERT VL DO TRITNIEE S kv, BERNIIZ, BHO%ER» 6K - BlEE¥Xz T, H
W THEREC» OBBICITZ 2 LEXH 5, FfBRERIBRBENCLRMTH Y, BESFEECKEL
BERBROTIE, BETIOXFNGRFIRBELEL LEWHRETH S, RIFE TN L AR 0E
BEESE T I CEREOREIE T, 207D, fKERAREAKS Y - — THEML L ABEO K
BERET 5B TERE, BHOBSVSHEL, BREOHEESR2EH LI LB TE L, Lt T, B
MRIEEPLICEEL LB BB S 2 0END S, £/, BCEABEOBEECEL{Eoh
215, DHAKEBELLABPNRE L THRL SERZFET L DIEZ, BERCBT 5K
ERAGMBTRETH LI LSBT S,

ZDEIRHEMROD Lz, AHETEREFNCDLMTHREL LT VLRIEOF S 2EL, »OoESD
WHIKEORM A RE R BB 2 ER T 270, 1 A0V — 7RI BT 2 BB 2 ERK L, 2D XS
BEE OB LER MR, BT BREFRERD 876N, kE» OESL LIRS AKFIRE T
KBCZET LI L THD, V-7 OEREARIE, REFOMERY PEOEBMEEC KX EELE
2%, Bix 3 8EHFRNOBERFE AW EBREE» S, FAdhicfEmss L < B, #HAENER»IC
BETHEHEARSEMBECE L2V —7OWMD T 5 TH 2 LU LIz,

BRI, fEFTEOKECED, FERBICB T MO L LTERT 3720, BWEY
W7 —7RTEOCIEKENGOSNS, L, BIRTOEERERER T NIE, ASITRZ % 30kgw 2
EXRETH 5,

FLARTIE, BEFEPLE L THEPAKREARINBATLE S 7o, oLk CRAKEF|II
BRELUIMRD 2#ER 3 2 C L8 L v (EH, 1994), —7, BHE T, 12 cm/s BE O AKEEH B
i, BOeRTOAKEARCEBLU R 27228 TE 5, LarL, HONKEEHH
Flzhv, @R ETFARCO RN, WFHEEIHETTC ChSEL 2, 2o, FBoRKEHE
MT2EEEELR L0, FELESHI0nBE I eI NEHEE L >RV, #LT, £E100m D
MomAchbhnid, 0kgw BEOETEAERNR L LIBSCHABEKENESNS,

ML ITRBEEOEME & R D ORBNSKE 2D, Bl ECOFEERLBEL RLDT,
BMANCIIREBEOWR LU HEE L REE (W 10m) »EYITH S,

EHEARO S ChiciER 3 2 O IE & EEROBBE2 HN L LT, 7V —7 L8 S N5 R
LR 10m BEOMR ) FEAOMEFEA L, 2hid, b LHREZHNL LD TRRVLO
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Fig. 66. Relationship between warp length and equilibrium depth (weight of main
sinker=12 kgw). @, experimental value; —, estimated.
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Fig. 67. Selectivity curves of each mesh sizes (3.1, 4.3, and 6.0 cm) for Japanese sardine.
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