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Fundamental Studies on the Fishing Efficiencies
of the Trawling Nets

Nobio Hico

Abstract

This research was carried out with the use of the three kinds of trawling net using of
by the fishing boats, namely, trawlers, *bull trawlers or Danish seiners belonging to the
groups of the fishing boats of the mother ship fishery, fishing on the continental shelf of
the eastern part of the Bering Sea including near the shelf, during the term from April to
October for the three years of 1963, 1965 and 1967.

As to the items of the fishing gears used in this research, in table 8, are shown the
tonnage of the fishing boat, its number and the scale of the net used in this experiment.

Namely, the number of the mother ship is 3; the number of the fishing boats belonging
to those mother ships, is as in the following: —— the number of the side trawlers with
tonnage of 370, is 2; that of the stern trawlers with the tonnage of 299, is 3; the total of
which being 5; that of the bull trawler with the tonnage of 121 and with the tonnage of
98, is 4 and 2; the total number of with being 6; the total number of the Danish seiner is,
11; with the tonnage range from 65 to 92.

In case of those trawling nets, in accordance with varieties in the sort of the net, a
considerable difference is to be noted both in the weight of the ground rope and in the
buoyancy of the float, but the whole lengths of the nets are almost equal,

As may be seen in the introduction of this thesis, the purpose of this research is as in
the following : —— through the three sorts of the fishing net used as the materials of this
experimental research, namely, the trawl net, the bull trawl net, and the Danish seine,
the following 3 items were aimed: (1) the attempted clarifications of the fishing efficiency
of the fishing net by means of actual measurements and the model experiments; (2) the
confirmation of the fundamental characteristics in the designing and making-up the respective
net; (3) accompanied with the analyses of the physical and biological factors in drawing
the design of the trawling net in possession of high effectivity.

The experimental methods used in this research are as in the following :

1. With the use of Radar equipped on board of the mother ship lying at anchor, some
tracings were made of the towing speed and the removing distance concerning the nets
towed by trawlers, bull trawlers and Danish seiners and as the result of the tracings the
sweeping area of the actual net towing was counted, and after combining this counted value
with the value of the filtering volume, which will by mentioned in item 3, some numerical
value, which is assumed to be indispensable for the determination of the fishing efficiency
of the fishing net, was obtained.

2. Concerning Danish seine, in the three stages of the commencement of net to wing,

* LBEAEEERRZMB L (Thesis submitted for the degree of Doctor of Fishery science at the
University of Hokkaido, Dec. 1970.)
** BREAKELPEERESEHESE (Laboratory of Fishing Gear and Technology, Faculty of

Fisheries, Kagoshima University.)
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its finishing and the end of net-lifting, the gradual changes in the status of boat and net
happening in the lapse of time, were ascertained with the use of experimental models in
50m. - pool, with the counting clarification of the towing speed, interval between the wing
ends, and the sweeping area of the towing rope.

3. On the three sorts of trawling net (trawl net, bull trawl net, Danish seine), model
experiments were carried out; and in those experiments, first the area of the net mouth
under towing was counted, and with the use of the counted value, the filtering volume was
fixed out, and after combining this with the sweeping area mentioned in item 1, some
numerical value was fixed, and by which the fishing efficiency of the various kinds of fishing
net was compared.

4. For the purpose of using as the fundamental criterion in drawing the basic designs
of the respective trawling net, the following experiments were carried out: —

a) Three sorts of trawling net having the bag nets made to be equal typed, in spite of

their being made of 2 sheets, 4 sheets and 6 sheets of net, each of which being typical

of the trawling net, were designed, and with the use of these, some model experiments
were carried out, and the respective characteristics and efficiency were brought under
comparative examinations.

b) Concerning the shape of the net under towing, its resistance against the flowing

water and the behaviours of the fish schools entering into the net; the causes of such

phenomena were put under considerate examinations, and the distribution of the current
velocities in and out of the net were measured by using model nets.

¢) The border line of the limited possibilities of making the turning movements or

the respective fish body within the bag net, in other words, the dimension of the swim-

ming capabilities was fixed experimentally.

d) The problem of what behaviour is to be taken by the fish schools against the varia-

tions of the flowing velocity within the bag net, was put under consideration to bring

it to a reasonable solution, in connection with the size of the fish body and in that with
the size and the scale of the fish schools, respectively; and at the same, the net forma-
tion and the net resistance at that time, were put under investigations.

e) In the 50m.-pool, using gold fish, the behaviours of the fish schools to the rope were

brought under grasping, with the investigations of the driving-in effects of the net

performed.
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Table 1. Trawl fisheries of Japan today.

=

I

Name of ﬁ;hery It{ Fishing ground Sort of trawl net*
. Bering Sea T, B, D
Mother ship-type Gulf of Alaska T, D
trawl fishery Okhotsh Sea D
Bering Sea T, D
Gulf of Alaska T
Off the coast of North America T
Off the coast of Newzealand T
Arafura Sea T
High sea trawl fishery Gulf of Carpentaria T
Arabian Sea T
Off the coast of West Africa T, B
Off the coast of South Africa T
North west of Atlantic Ocean T
Off the west coast of South America T
(I%?isttr%?lm%fggfg) East China sea and Yellow Sea T, B
Okiai trawl fishery
(East of 128°30'E) Off the coast of Japan D, B

*¥ T : Trawl net B : Bull trawl net D : Danish seine

BEERECHERERT 2 DD THEM, REHENATLHY, FLEAREOZWCEHLHE
Tk, BEEOEREREORKMARFELELSL5THS.
CONEERMEMRELAEDIET L EBLTEIRET, TORERK JORSERBIIhENR
L HBRLTEDTARERDD L > TETNS. 1959F X h 1966FICZE 5 8 HEMOWBRDOE
ELLE A5 & Table 2 WRT X 51 1961 FERCEEMLIc e — 7 23R b 543, 19634E X b LI#g
EBICEMOBEMERL, 1966 FTIL 1959 EED A 5/EDT6.1 5 b v HOREES BT T
3. CORBEROLEZREINCHETZ L, ShNERERETCIEERBNELAL—ETH
3, EECK - THEOEfEZRL, BCT7 oA BRI 2 - 0ORZEOEHENDTELY. &
Of, PRr—ARETIIRER Y I r—5—C L 3 RBEN 8 HEMELBEU TEHELTWBR,
JLiE X 2 REBROEIMIEEFROEM L FAKCEETHS. L LILBEEREREOHF TR
AT DB DL Table 2 IRT L5 ER—) v/ THREL -BHNES R E T 1966 £
ETHAB T by ORER (1968)" wbif, IEERICKT 2ERBRECKRHEERD 56.5 %%
ZORERED, DWT, WEERMRELVERLICIUERC X 2RELSDTIFEL m— 1R
BOW22.2F VY, 290.2% Linh, FOMIT IR IE, Fx—Y 7ECRT 5 BHNESER
BLLBIDOLE->TWE. ZOX 5 CRENEREREL SOIBEERBEREOH.LERIEL
LCOHfi% 5D, FOMBIIEREORLOTHALBD KEELELETIETKE>TET
WBA, ZOREXITXLTVWEOR, EBENRBEEZERL LICARELRERBOBLL )
HHETHAS.
ZFOREFEIMBERZCA DN EABBLDDOT, 1~37 b VikO RETie S L
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Table 2. The fluctuating state of the trawl fisheries in the

North Ocean Sea from 1959 to ’66. Unit : ton
Catch Year ,
a];xgat Fishing 1959 60 61 62 63 64 65 66 Remark
Ground
All Sea 1402449 1702997‘1916191 1762475 1710061|1876017 19169872074276 Japan

North Ocean Sea| 171066 471718| 662438 575163| 403969 535908/ 595649, 761215 Total

Bering Sea 158314| 457387| 622743 509922| 313950| 415447| 381410 430081 .
Mother ship-

Catch | Guif of Alaska | — — - — — — | 28408 85695 T
Okhotsk Sea 10411] 14331 16242 24193 24240 22702 22278| 23428| HYPE ASRETY
4453 6048| 17779 28771 34040 Trawl fishery

North Ocean Se 2341 — 222013 : :

2 19000| 35000 48000 68988| 129513 ﬁfﬁgﬁh seine

y

All Sea 38869 36934| 36128 34625 33680 32747| 32946 33772 Japan

Bering Sea B6(62)[13(190)|33(380)(25(306)(20(258)|14(228)(13(182)(14(187) .
Mother ship-

Boat Gulf of Alaska | — — - — - — [ 5@ 9@ e
2% | Okhotsk Sea* 2015)| 3¢30)| 3¢28)| 3(38)| 3¢39| 3(37)| 3(82)| 38D ype fishery
3 2 5 9 6 3 | Trawl fishery

North Ocean Sea 2 — Danish seine

— 75 80 108 147 169

fishery

* Numbers in brackets show the number of the subsidiary trawler belonging to the
mother ship and numbers out brackets show the number of the ship.

Chie2BoWBAR Gifiiee 355) »EE I REOKEBRO DL, 2 000~4,000
VERDKREA SV b v —F—&EBHE LT, hiI/NEOWEBRIEEE S @7 rh A O IR O
LDLMs. Table 2 1Ckzl, ~—) Y kT3 BRRERBREIMECEL, WER
AEKIT 1966 SEEETIX 1 MEIN b P 13.4 Lo T 3. WERRKOERIFRE e —7—, =
ke OEE), —F) RERE CUHE) Ko 3@T, CoRBERROEBI EOR
BLBGOBEEAHCHEAI®INGERLTWS. - THBRKOBRERET 2581, &
ADEFT 2 EREORER LORELIEEL, BxORBRRARTCEOMELEEHXE
58D EZ LRNETHS.

CRHDOEBIRRNESEREDM, IEBRTIIARLCLICrr—VEELBEATHD, 77
A B, kA FEREFBEBEENTORGB LR > TS, TRHORBIRER b v — VG
T EE DR Th - TcDIe LT, 200~1,000 m KiEDHEE, ¥ LICEERIND Z&n
%<, RROBFUPEORMERTEETH > TeDEHL, MEBHD b v — LV RFGTRIRORBEGE
BROZ 2R\ ot - TRBERZHRO Z LBOHRE L RBORESFAECHEI DO
CEALTETCW . BWRTHERIN T3 BB Fig. 1 @R/ T8 T, <—) Y BTRE
WA _ L AERCER I, TOERES b FIRAERE.

IR Y v v ¥ 5 Theragra chalcogramma (PALLAS), < 4% 5 Gadus macrocephalus (TILE-
SIUS), 7 7 5 # v A Atheresthes evermanni (JORDAN & STARKS), = # % v A Limanda aspera
(PALLAS), > o &3 o Vv 4 Lepidopstta bilineata (AYRES), >t g U Hippoglossus hippoglossus
stenolepis (SCHMIDT), ¥ 5 5 Anoplopoma fimbria (PALLAS), 7 5 R h * X 4 Sebastes alutus
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(GILBERT), kv =77 =V Pandalus borealis (KROYER), =3 v Clupea pallasii (CUVIER &
VALENCIENNES) T, WIHKTHEL W32 EHMRAERMEREIZL L TAr by F o2 E0S%
RELUTHELTR, BEEIRLOT 1 v o a0 3—ABEELTHSE. T o—>+ v HBYE
B, 77A0EOZRGTIE, TIADARY, ¥VYFIREr—L fRCE T ESWEINT
%. 1966FEEDMMBEIMMRIIA S Vv F 54295+, AV AEI24F Yy, AX78E1L.35
MY, xFZ35F by, =Y 26T MY, FOM3AT Y TRy MY & IHABDTE &k
D56 % HHdT3B.

¥, X— ) ¥ RGO HEEE TR RIL 650~850 5 b v, BEEIR T AE DG EEIT 200~350
FYEWBRTWEE A0, SHECHERMNOENEZ A2 LD LEL BRD

160° E 180° w 160°
Fig. 1. The staple bottom fish and their fishing grounds in the Bering Sea.

Dotted line shows 150 meter depth line.

B : Anoplopoma fimbria (PALLAS)

C : Gadus macrocephalus (TILESIUS)

F : Limanda aspera (PALLAS)

H : Clupea pallasii (CUVIER & VALENCIENNES)

P : Theragra chalcogramma (PALLAS)

S : Pandalus borealis (KRGYER)

Pe: Sebastes alutus (GILBERT)

Tu: Athereathes evermanni (JORDAN & STARKS)

T. C: Chionoecetes opileo elongatus (PATHBVN)

K. C: Paralithodes camtschaticus (TILESIUS)

IV. IRICAVWSOhIEER EHEFEDOBRE

AWFFE 1963, 1965, 1967 4ED 3 A4EM], 4 H X 0101kt 2 M, ~— ) v 2 Yg skl
ERIOCLOEMEHCE VT, SRRESERECHET 2 e —5—, Z“F5RBIO—F%5
RESERIEZERRE L Coh2 AT 2 3HOERBCOWTHED bhic b DTh T, &K
FHTERE LTRCLRIRIRORE &, S5, #MO#HBg L1k Table 3 iRl HibfEIT
M, INERINE b r—F —23370 + VDY A4 FAL2H, 299 b kD = v EIR 3ED 5
&, 2% ) RERMERMT 121 P ERkE 24, 98 F v iRA 1ML 361, —7F 5 RIERERMITAR
D65 b nb92 by ETOHILELR > T3, ERMILTFMOMLEE IR L O F O
DSEDORINC X > THYDENRL 228, WO E) DERIBEL VD LIt TW 5.

AMROTEEMNE T2 & CATERCIE WTHBRNIED, b e —ufd, — %5 REdy —
5 REREO SHOERMTOWT, HEOHWMIEIEL FHF LOERIC L > CTHLTT5 L
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DOFRNCRNTERELITRSHBENZ . FTh, I—VIREAREIAF by 70BELNEER
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PHIEEEOREBRICESTH LWRBLEEL, T e2hBET2. ok iEek
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Table 3. The sorts of the trawler and the dimension of the sampling nets.
Item of net Dimension of net Dimension of trawler
.and trawler -
£y Length | Length %fength z&f’elght Buoyan-| Sam- |Gross I;:éii Sam-
No\\ of total ;)(f)pheead ground | ground g};atof plng tonnage of {nain If);::%gry Remark
Net “~— \ fobe Lobe boat engine | geet
\ (m) (m) (m) (kgd (kg) (ton) | (B.P)
. = T 1. 370 850 Side
55.18 | 47.66 | 57.03 | 578.0 | 355.8 T 2 2 , Fege
Trawl net g 253 299 1200 S,
54.15 | 47.66 | 57.03 | 436.3 | 376.2| T 4 " 1250 f:::vfier
T.b ” ”
B 1 121 430
Bull trawl Iron
Het B | 62.10 | 66.40 | 73.80 | 626.6 | 335.5 B2 ” ” teatl
B%3 98 7 Gy
D 74 310
56.06 | 58.60 | 66.30 69.0 66. 4 D 2 73 s
D3 70 250
D 4 65 270
D.5 70 ” o
Danish seine| D | 60.0 | 66.6| 72.9| 48.9| 589| D 6 T6 | 980 |y T | poncd
1D 83 270
D 8 76 ”
D9 73 ”
D10 92 440
D11 75 310

@ cnavarn
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BRISTOL
BAY

GyFleet 1963
APR MAY

JAN.~JUN.
JIUL.—~OCT.

180° w 170" 160°

Fig. 2. Shifts of fishing grounds operated by Gy~
factory-fleet in 1963, by T.-factory-fleet in
1965 and by S,-factory-fleet in 1967 in the
Bering Sea.
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Fig. 3. An example of the point spots of the fishing boats
using the Danish seine and the bull trawl net, caught
by the radar on the mother ship anchored.

R : Mother ship e : Danish seiner x: Bull trawler

+3. WENEKBIN S AT, Wity —F—kX-THEL, FES 77 BIREAT 5.
coBPEw, FAES S 7omLERIMEEL Lie. Fl=za—ohbwERlEkoffie L, A4
A~y N, B OEBIFEY v FE AW CERERIE L.

5. 1.1 Fo—LiBRiROAIEERIT

@O #WPoWME

bR A ERRIRMCAEN T2 Y — 7 L Bl O PR BARKRE 8B A v 4 —K— F (Otter-
board, #Fr O. B) #¥EL, ZOEMALXAAL CELEEILRB/T2&EOLDOT, WY —
TRRBHET —HEIh T35, RoTZOHY—7DORAL EX X > T O. B M@ #EHH
%, %7 O. B B L FMOE I L > TED weMIRkDd 2 o L2 HRS. EE™ T lhl
7—75E300m, FHEOmMm, 7—7KA12.5 ¢ O.BHEMEA 64 m, e 24.6m & LT
Wh. BHEOEXILY — 7 AKED 3.0~3.54%, FM 756~100m T, 7 —TILKPEIT Rk
T35, 0. B AT EEREICHZDT, F#TEHL T 0. B LRCAHOMECRBELTS
Lt BEFEERSEOEREORTHIML 3.0~4.0 /v T, FEEFH L Tl
BOAWEYHEHTIR —T)REREL BN TS S.

el EE B 5AR REOHHECEROPEVARD 0.B ANELTWE LT AHAND,
EEELTEE 0. B o/ fiERIfR, O. B OBEBRIE & L O MOERIRE 2 EE b
LRAGEZELATE bWz e Ths. BibiEr 0. B t#itx ¥ E M52 LicL-7T,
0. B OfE&E ¥, #rRICBEEIRsLENRLS. FERERNRKRT RE@AREN
TWBDT, OO L5kt ) REOKEY ERCAN CTREAMELRE T 5 L8R, A
$5~6 FTILHEATHBHESL BECBIRT 2 Z LK, FREFTLRAROREHT
BThAIEARTHSE. RIVIr—5—2H%4 Ftr—F5—DEEEORK S KIIHY — 7 Off
BBTRRIENRE, BENGRERBRETHY, MEIRECLL TEME Rifk JURBRcRSs
TEHAOBMKLEENESTHS. REMCET 2HMIRE, %% REFCL-TETRR.
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BH%, —ATIREET 10 53 P940h, BRI 16~20 4G, RERRII ARG 1 BRThH 3.

M) AFCAVWOhI-EHEBERE

b e — ORI > TRHWHRCERIEY A Fte—5—T1, T202%, RV}
r—7—T3, T4, T5D3%T, zhbixwihd S, AMEOHERKTEHS. KHREMOKX
&, BREOKREF &R YOERIIEK Table 3 ITiRLIc L 5 THEITCIEH A Fhe—5—2R KT
550, EBBERNTEIRSY be—7—0KThY, REINGFLEBFRETERLZLETCHEO
EFETERIFBALE LA > T3, BFELL: BE, BHAEE, M0 XK, BREWCOWTUL
Table 4 WRT X5 T, HEAFEL308~352m & HEBHEL, BT 1~3 L EFRRET
b 5.

on Al e & M|H

Fig. 4 3EMOBERORMELREELIcRR (R) Ov—5 —Ic & - CERHE L BEMNTH
5. XHF0T1, T2k EROBKCRLIEYAS Frr—5—, T3, T4, T5@3RFY bu—
7—%FbL, a~dIXRPEHEEL ) REFERTEORME, d~ell 8l e~ fIXBEORE
BeRLicb0Ths. HLT LIXEEROLERT. Table 4 1 Fig. 4 X hkbdi- B0k
CELUCHERRS LOREEETH 5. Table 4 1w ki, RECET2Ea~dIZRsY b r—
Z—DFENEE 1L.OE, ¥4 Fbe—5—0HRR1HTELENRIY b r—5—D1/2 Th
5. HRCETZEMIKTIHELLR IS, Hie dENELRD, O. B IO MR EE
RTRLBLAZEDLLFEILREBTHERET B85350, b3 WMEET2RECEHEET25S
5%, RN d~ e IXRPE A —F TIRIRVA, FOWEENL 2. 25~6. 09 B TH b, HIEHE
1 Table 4 IRTE5CHA Fbr—5—T27~2750, RFY ba—5—C3.14~3.60 FE L
2D, BERCTRE XV EHTEEL T3, ZRORMIY — 7 H3KBED 3. 0~3.3 £, T

Table 4. Distance and towing speed of the net under operation
calculated from Fig. 4.

Unit : Distance : mile,

es 'Total s . .
: : Position of A Dis- Dis- Dis- Average
Item Time ZYmd mother ship ., g;silzlaer:e tance | tance| tanec | speed of
hom |2 Depth ¥ S0perat. |0 net for net for nt| et
tion and Lat Lon No. lion etting | tooking] g | towing
Date\| h: m | force at. g. (Titpe: (Tirpe: (Titpe: (Time:
(m) min.) | min.)| min,)| min.)| (knot)
12: 51 352
4,51 0.95 0.16 3.40
1967 | 14 o do | Bl aD | @ | an | 6 | 31
Apr.|— S?:E 54°—34/N | 165°—39'W
29 | 13:00 338 2.95 2.25
15% 50 s | THI GO | T | T G | BT
B}“ %8 o | 749 | 112 | 0.8 | 6.09 | .
16: 01 343 ass) | 13 (16) (108) :
May |18:53 | ssp | _ o qmrer | 510 6.60 | 1.05 | 0.10 | 5.45
8 5 2 .8 1 54°—41/N | 166°—17'W 3§0 T5 as | an as) oD 3.60
14: 36 332
3.82 0.52 0.32 2.98
16412 g | TGO | ® | @ | @ | 2
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(Mile)
—
Tz
a¥*b.c e
e
f
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1 a

Fig. 4. The net-operation locality drawn by trawlers; measured
by the Radar on the mother ship anchored.

R : Mother ship a : Layout the net

b : Connection of otter-board ¢ : Start of berring out warp

d : Hauling of warp (beginning of towing net)

e : Start of net-hauling (finish of towing net)

f : Taking off otter-board

T1, T2: Side trawler T3, T4, T5: Stern trawler

Side view

Trawler
_ Water surface

Warp

)

Net,, Net pendant

\Wlng Ha?d rope

Ground '«Fa})e Otter board
Plane view Hand rope (13 )
Net pendant [
Wing l) JWarp(h )

Ground " rope(2Ls ) \Olter board

Fig. 5. General aspects of the operation of the trawl net.
d; : Interval between both the otter-boards
d,: Interval between the wing ends

80m T, RFERFICKITIHY —7RKAITKE3OmM DL & 6~8 Th -t

RICBEPOFEFZR LI Fig.5 b 0.B g (d) ¥ XOHsehRE (d) wkd 3 L kR
TEHExbh3. IR 7 —7RBIVFHAIERRCEEIRTCNE40L L, V—7E: L, F@EE:
Ly 29 P_RYFY R L, 'Sy Fe—TR: 2L, V—7KRA: 0 35,

d,—2l,sin %
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21,

__ 2 .0
= L4057, hsin

dz 2

£ KR 300 m OFEOEFE (h: 1,000m, L,: 80m, l:: 7m, I,;: 28.5m, 6: 6~8) &R
ATBL,

d, = 140~105 m
d, = 34.5~25.9m

Lith FRNEROFEE (d, d,) 1%
d, =122.5m
d; =30.2m

L.

TR B D 1 4h A5 IR & BABIEME O T 5 2 b 2 il LE R (Sweeping area of the tow-
ing rope) % b v —AEOHBETRFEOEMESN O. B Tha 1w, O. B [HifEL REEHORKT
kodbhz. BHb

¥4 Fbe—5—FHATHE

122.5 m %1, 852 m X 2.7 = 612, 549 m? == 61 X 10* m?

RV br—5—FHTH

122.5m X1, 852 m X 3. 4 = 771, 358 m? == 77 X 10* m?

Linsd. Zo%e 0. B i@, REHEEIITHME SRS e UCGHEL L.

5 1. 2 ZZ5RERBAROIELRIT

O #WPOEE

ZE5 RERBREORIEL 1HEO EREY 280 RHT RET 2 BERX0L0T, HEIv 4
Y¥—taveix4 v sy e—7 (Combination rope, B&FComb. R) # A\, FOEXIIER,
BEEECL > TETRIRDMN, —RIcV A4 v—%KBED5~64% Comb. R #1~3# (1lis=
200m) LT3, MED EEGTHEOKRE RERETHLS DT, BPEHIL b+ v —AEORE
IDEHT2.0~2.5 /v FThH?. HEERI2EORMUEETCHEEINZ L, FORMUERIE
Bo, Wit EH SEFCL->T—ELY, KB 300~500m OHHANTHS. FE=E (1959)7
DRIFERE & 3 L BMRIFEE 400 m, 450 m, 500 m DB O#HSEHIFEE 41.5m, 45.6 m, 48.6m &
th, EEORTEC LS b r—AEOMEREIRE24.6m T, BE1.7~2.0 A>T\ 3. %
WI1ETITRIBEL 2ETIIRIBELNLY, BBKTH BERELBOMEORBY R
R ABRCECAD D OFERPB IUFRETOBRME R b, HFHEKTRC HECH
5. HEE L -V ER—X 5 RERESEEIRTE L L BB TR oL, ZFIRE
BETIEBEMEL L LTiThe 5. BREAMIASERORVEEAE BlERAN 4 E) BisosiE
TR r—F—DE5KREMCOTHE, FHORBIRETLHY, —RCESEMEZBREES
XU CEAAR L Y BRBRAICAT TR 2 X5 8B T 308588 o T3, HEET 3
PTERHEIIEN— SRR T 1059, &R TH5 4, RETER 60~65 4R, 7% 105~
130 43, FVEE 1T 10~15%, HBFEIRBRE1~4 + >~ T30~354, 10 b v R4 T 40~50 4%
=35,
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I AECAWOhI-BEREIBERKE

T 5 BEREORTEICY - THWbRIER T Bl, B2, B3N 3, H6ET, chbikwn
Thd G, AMEOHEBERKTEHLS. HEMOAEE, KREOAEX IFOEEL Table 3 wR¥
X5, #8424 Bl, B21x B3 L&+ YT by ATHBA, THESHIA—ETHD,
BEZECL02EWEFERLTW3. BIELCEE, BME, YUFORK, wHF X Table 5
R L 5T, EEKEET 142~147 m L 2T 150 m BliRTh 5.

am [ E &M

BIEFEIEEROBR LY v —F — 2 X - T ERORBEELG L K TRHRLCET % Wit zhth
HiET 2 HEE AV, EECIIRET OROBBNI A OEEIC X - TR E e 333 Th 2
R ZOBSITRMEEG LK T OmAMYERTORWTERDb LK. Table 6 XXRERKOERSE
iRge%, Fig. 6 (% Table 6 XD ERILIcBERERLICHDTHS. Fig. 6 X H B0 RFEH
Eekpd L, FOHEITERL16~3.2/ v F L7255, BHHEO 3FAELRIEL2.3~2.8/ v T,
2.5 9 b rind. BANLIC3HIISREFCIEELRWedERL o Tcb D B.2 /v b)),
BAERICARED Licd D (L7 /5 b), WEPERL B CRBLICDREARL Y, EFE

Table 5. Measured detail of Radar on the net-oprations of the bull
trawlers by the mother ship’s Radar.
Date | Position of Fishing boat Name of Radar of
Depth |Wind| Wave
Time mother ship Number Name mother ship| mother ship
’ 59°—58'N _ "~ _ No. 3,5 GYOKUEI | Type
Aug. 23, "63) 17g0_1gryy [142~147Tm| 2~5 B1 | KOSHIN MARU | MARU of 45
B2 | No. 7.8 Gy Woah
STT ireless
KOSHIN MARU v Co., Ltd.
B3 KATORI MARU
KATSUKI MARU
Table 6. Net-operation data of the bull trawl net measured by the Radar.
T
Itom ——— Number of trawler | p|51/\B1|B1/| B1|B2|B2|B2|B2|B2|BY B3|B3|B3|BY
—
glifeCf{iOn (dfgl'e;)d_a: point of 222| 230| 237| 228| 220{ 220| 230| 240| 250| 235| 200| 225| 225| 225| 225
Cmiley from R, el 6.0/ 8.1/ 6.2 4.0 5.0/ 5.8| 3.0| 5.8 3.2| 5.5/ 5.2| 2.0| 5.5 2.8| 5.0
hour 0834/1030(1325(1516(1747/0812(0958|1243|1431|17280803{1002|1252(1447!1725
Hour of throwing net AR RN Llelrlrleleleleg
minute 0850[1040(1334|1526/1757|1816/1002/12481436/1733|0808|1006|1257|1452{1730
Course of net-towing (degree) 22 | 55| 6845|4535 (55|55|60 55|10 (30|20 | 120 45
Depth (m) 144] 144| 144| 142| 144| 144| 144| 143| 143 144] 146| 144| 146| 144| 146
Dige:ti(;n (dpgree)d ?it tﬁnished 232| 220 228| 245| 125| 230( 190] 250 200| 285| 225| 315 200| 210| 280
B trom e and distance 2.9| 0.7 4.0) 2.5 1.0 8.0/ 0.5 3.2 0.8| 1.5| 2.0| 2.0 2.8| 1.4/ 0.9
Time of net-towing (miunte) |60 |60 |60 |60 | 130 65 |65 | 65 | 65 | 105/ 65 | 65 | 65 | 60 | 105
Catch C(ton) | 9|43 |3|3|8(2 (4|4 (7|13/0|9]|2)3
Difference angle of course
between starting and finishing 718|826 |7|2|7]|23|14|5 (31(25]|58]10
of net-towing (degree)
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B3-26

5 Wind

Fig. 6. The net-operation courses of the bull Fig. 7. Relationship between the moving
trawlers ; measured by the Radar on of the bull trawl net and that of the
the mother ship anchored. boat when wind direction affects
R : Mother ship Bl1, B1/, B2, B2/, B3, the latter.
B3’ : Bull trawlers M : Starting point of the net-towing
Suffixed numbers with hyphen show measured by Radar
the towing speed (knot) M’: Finished point of the net-towing

measured by Radar

MN, M’N’: Length of the towing
rope

o, pB: Deflection angle

BEAMBO e o lcd D (1.6 v ) T, WFRBERORMBRETIR-1cdDTHB. H-T1

BECET 2ERL, REEEY 185M, Bhd1~3r738A8125BL LTEXL. B
LENS5~6DHFEX 2.7~2.8 /v b Linh, BEARBERTIE EHC 53HT 5 - L REDH DR
1o TR LORBHBIIRMEMG L KT OMSHOEARER, EHETRBEERY RO ZhT DR
WEREHEE E U ORD A, EBRCITEAMTT O FE L 20T B B B & EME 5 32T 5.
LOREETHDT, T TE I MORNTORBIERE L HiwC BOBEIL /- Bl L T3 EY
ET 20U RTHS. WEHEOEMOESY Fig. 7 WRTIIRIBLAL EMX Y EEZZHT
REFAL, EHEGECE > EREEKRT LflicowTRkDdTHS L, AROM, N it
DOBRMERES M, N I BOoRBETH, a & B BoBERcs T2 AR LT 2

&, BB THICKT 2EAME B L IZ—HKL, FR@Rcii) 3k LoEoETAEiLE
CEDREBZERSGEE—KT 20 LRFKETHE, MN, M'N’ i2vFh d =S, MM/, NN/
VR & ABO BT OREIERE S X OB, MM, NN' 0ilEiim & 80 =Ko SBEES ot
BENEHEL /2B, T BOHED 5B MM/, NN iv — 45 —DRIEEEN BRD Bh, MN, M/
N BEHOETEH 50T MM, NN i1 FRc42 bh 3.

1\7I_I\7I’=(MM' cosec a)-«a a: Rad.
NN'= (NN’ cosec 8)-8 B: Rad.

Z 2T Fig. 6 o bBREFCRT 2O AENR 58 L BAAELY R LI B—1L6 0fis
wHlicL by, fERICL - T NN $X0° B OfERRD, HWTEREANT MM 3 kot NN %
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ERERKDB L,
MM’ = 1.6 ## x coesc 58 x 1. 01 = 1. 91 &
NN’ = 1. 5 x coses 27°x0. 47 = 1. 55 &
L8, B TRD BMO R OREEE MM » EEomEoBEEs NN » oz
MM’ — NN = 1.6 {8 — 1.55 7 = 0. 05 &

LEBDTNEWELS. EECIRERICRT 2 MOEE AR 30° BlEis X5 et
WThY, 30" MTOHETREC ZOEIE|MELIEDT, v—F—TRIEBINh? MM %3
> CHRMBEM: LTEIZVWZ LTS,

Z 5 RERMEORMER L ER I REOB SR L REERE OC X > T EbT o Lok
5, ZOMOHE, MERIREDC EORTHECENTINE WS 2L Tha. EHMAOME
TEMAOKFHFORS, KPER, BECH»ZES, BEEEDL L ERMAORK AR L OEE
CXoTEMTEDT, ChHOFHEERITL > TR ALOVABIRI DR T 2 0E 25 5. ko
FELTUIB EDEZ F LN T 4 ¥ —DBhANLHE TS5, V4 Y—2REiRE 27T
THET I HFEERLZN, ZZTRIAY—DKFEENRHLHVEL, Fhvi Y — I hh BT
KOBEENR—FELHRILIND LT AHND, EBHECHACKRINZHMOEER 7 4 ¥ — DL L T
BEL, VA Y—OEMKENEOCHETL ROz L2 L.

Fig. 8 R LICEHHITAICIK N 3OO FE T, T d S OEEIC T 3 5545
ds DEZINE

dT=w ds sin 0

ds—=p df

Fig. 8. State of the fine rope drifting in the stationary
current and the power coming on to the minute
part.

S : Length from the under edge to the free point
T : Tension W: Weight in water

o : Radius of curvature

6,: Angle between the fine rope and the bottom
02: Angle between the fine rope and the current
V : Velocity
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T ow REAEXY) OMOKHER, 0 XEOAELhOAEE DT A, R ITRMED
MBI CRIETAROES, T %%, dT 2ENORS, o wiREEL 5L, BURIT
N TE LT

= w cosf+R sinf

T

0
dT w sinf db
w cosf+ Rsind

dt

sec?l df=dt di= ﬁ?

7t - TRk
dT t dT

T (ngt—) a+®

w
1 dt R t-dt 1 dt
+

) (G R) (0 ae)

1
2

H log (1+1%)

{1+(—)2}10gT=uB]0—log(cosﬁ+£sinﬂ)+Const

Cew’

T+ (5)2 __ Ltew
cosf+ gsinﬂ

C IR HEEK

Z o CRRAE K REROEWI A Y—L L THELS L

1>Rc0 eansnsns

_c dT _ Csing
~ cosf df ~ (cosb)?
dT C .
ds= wind =Esec20-d0

v 4 =D AHHAOES I = [ ds=E (tand,—tand,)
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ZCT 0, BEMAET S KFLRTATLInD 0,=0 L7 NbORMORI I, & 0,
ERDITEHEOMBIIREHKS. 0,=0 L2 ETOVA ¥—DREI% I, BB B35
% Re, K% D' UL
R,
w

LR ;/(””_RDZ_' +1)2—1

3SR AVTEBROBEIREBIZET 274 ¥ —D KBS OEZE RDBZ L R, 1,500kg, w:
1.0kg/m (I8mmBEV f ¥ —w—7, ZehEE 1.18kg/m), D': 100 m & FHuF o h bOERR
ALT

I; > 1's=="tan6, D' = % (secl,—1)

I3>1,500m x0. 351
13 >526 m
LB, Peo TRMOBHAL MEBNLS 526m DOV A v —r—7 LR MBETE-L LD, K
Z, 74¥—r—70F3%600m LTHUE ZOEMEIIOE00m -526m=74m /3. =D
IHCREOEEE VA Y —r — 7 LICNBIRBZLIC LD, BRKRTAHERDOE Comb.
R BEDERTCE > THEMHRZ L 27th, AROREDRLBOREDI-DITIFEREL D
Fziciss. Fig. 9 MRPAOEI L ARLOBFRERLILOT, L BRHAOLE, L 13v4

[}
3 L
Side view
1000~
Q
£ R Boat
o Water surface B3
g } T =
1\ €
.g- - Net  combi. rope e
— T Bottom
5] -
5
2 500~
o
_' =
r iew
Plane vi " Boat
1 | 1 | L
100 200
Depth (m)
Fig. 9. Relationthip between the length of Fig. 10. Arrangement of the towing rope on
towing ropes and the depth on bull the bull trawl net.
trawl net. T : Point attaching to the ground
Length of 13: Length of wire rope in 1,: Total length of towing rope
water 1;: Wire rope
Length of 1,—I13: Length of wire rope 13: Wire rope on bottom
on bottom
Length of 1,—1,: Combination rope
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¥ —TD&E, L—L Z74Y— e —7OBMELTT. L% I=R,/w/ WD /R+1)°—1 X

DRDICAKBRCIE IV A ¥ —r — T OXPEFFOEE, L~ X Comb. R DX TH%. HL
RSO RFIOEHE OBRERBIC KT 2 RO RIEZ RLILHDTH-T, KEH B
P, RNREBOFMC L > TREBFMORI#RLTHRIELT 2 RnBL OIS,

WEKEE 100 m, HAEHFE 400 m, BREKRE 1, 100m OFAETRMALICHEOREX Fig. 10 X
D SRS SO MR A RD B L, 256 m L 45m LW EXE. ik, ZOHAEY
A ¥—nm—70EmET Fig. 9 X9 74m & L.

2% REREO R LERI - 0RO AR RPERE L OB TS DB, 0
WoOBMEEITIZEA Y 1FMEMTHD, FREEEL25 /v Ths DT HEET 256 m
x1,852%2.5=119%x10'm? X 75 3.

5. 1. 3 —Z5RERWARMONEL BRI

O #WRoWE

—F 5 R EREDOHEBIT P r — R ) REREL B
hIEEI BBy Fig 11 R X 5 AR EHRL,
TRARE T/ 3 TRE LA LRAMCERE IR
BEETVES X CRETZ2ENOSDOTHS. WOWEHE
Fekd s FEBRIAE B_HFI=AK, KEA=ZAE,
%W, BERLSE LY, FLEEIHRIARBIREE L £k
ERfEENRD 525 Wb AL L O OKE, AEO
HPERYL, ol & OBIRSORSRGTV IR L TEOHEY  Fig. 11 Schematic dragram of
RERALTW 5. SEORMIST T2 L, MLl {me net-operation of Dan-
WL, BMCIEDd LT cRflxRE, ThiiBoRECK fﬁg";set ttl:;v icrll{grection of
LD LT 5. @D LI EIL I8 TR JORERN )
BECEET? ¥ CHRETIIRET, REECREOEREY 15 m/min k LT ORERMY
DT eA, K (1959)* L ERIC &L - TEOME#EE L ~ =7 » —7 20 m/min, Comb. R 25
m/min, §&§ 12.5m/min ¢ RO BEREFMNRETEL KB 2 L& HEIDI. o ZDOEEIL 100 m
PEORBICE T, MBEVEMCEROB W r~ 7% FHTSZ L O FRMEL ILFEL T
5. BELMKRTT2LEFRCES. BFeLl, ARAZKEOMEORECRELCE R
PHEIE, TAREIETTLICS ETRETIRET, TOFMERMIIKRCL > TRRBK
5 16~20 T OHHEATH 5. R REFERCKETIES IO BEOERHEZEBELICL ZAR
I3, BECOMECH CCTRIECITELEDTE Y, BRI X 3 HOEHEEE 1, 700 m,
WOMEHEEE 1, 150 m ¢, SMAOWHEAMRE EEMEE 35 5) & 1,100m A5 200 m [THE
T3 (ELEFLEM300HE) 5.

BT AL ATEL LN OTRMeEE b 0T, ERMIIRMARE 11 (2,200 m)
CHAOFEETS. FARKBr—7—DEL FTL 3L, EREMILERFEEZT S X5 Ty
BRE LR OARERE—FBLTCEHCHEL, TV v 277 —4a, WEEOFZ AL - UEREEZKA
TG 5. AUEEAEERIE < % L Ay —ERRL, BT RO X > T AR H
&, REYE KSR X - UEREA L VABCET. ABRORRI Rl ZATHLD
WEAL, AEEE—ELTT 1 v 27— 7V THRRIRIALIEBEIEELK .
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1 ofak Fig. 12 WRrT X 51, D1 moRBRABRSBEHIRTEL 5 Ol T D2

MOZIE —EI=AFBOEIRE R L T 5. FHFEa b,

WREDOJEESRMIL Table 7 WiRT X5 T,

2EHE DPHDORETARETSH
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B iEEE S L O R X B

X AMOEHERI 2L R TED, KL D2 MBEK TR (c) BNEERMES (b) X
DA RELBIELIERCH 2D LT D1 fad (c¢) AL (b) AL BT 50,

FTIBLALBICMAB L o TWA. 20 L5 LA IROEBEIRENRE 5 DI, Ao,
HOFEE, RFARELIEF S 20BROEESC X 5FTEE,

ABADZEIC L 2B LRFDOEREFERL LTELOND L5 Thb.
BLIEHEIOORSE, BEEEECH Tz L & T5.

R 2 DFEIL 64 DBROT D 2 M AT E A CERD, IR ERE L CiEe s
BLIcEAEDLE Fig. 1B il v blf, Chix T LTRETAZLLLEDIDOT, &1 0HAE
LA, BROBBREIIRENE > TW3. FFRHERBR ISR 21 D 5 bR %

Et e

MEEOREENOEC L 2HEL,

IR RHHEOE, fans, &

Table 7. Measured detail of the Radar on the net-operations of
Danish seiners by the mother ship’s Radar.
Date | Position of Fishing boat Name of Radar of
Depth |Wind| Wave|
Time mother ship Number Name mother ship| mother ship
, 60°—02’N No. 18 Type of 45
Aug. 3, ’63 o 117m 2 —_ D1
174°—58'W HOKKO MARU GYOKUEI | Decca
No. 20 MARU Wireless
D2 HOKKO MARU (Gy) Co., Ltd.
PR No. 8 Type of
May 4 Fishing 99~270m| 1~5 | — D 3
June 19, ’65| ground of HOKKO MARU KMS/I-{S
north-ward D4 | No.8 W}ﬁ') 11 su
Unimak ZENPO MARU eess
Co., Ltd.
pass. No. 5
D5 | SHOEI MARU
D6 SHOKEN MARU | TENYO
D7 No. 1 MARU
MYOKEN MARU
(Te
D8 No. 5
TENYU MARU
D9 SHOHO MARU
No. 5
D10 | kyuHO MARU
No. 2
D1l | ZENPO MARU
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D1

P e

-/

Fig. 12. The tracks of the Danish seiner (D1, D2) in their net-opeation, 1963.
D1, D2: Sampling boats R : Anchorage point of mother ship
a : Starting point of the net-towing b : Finished point of the net-towing
c : Finished point of the rope-hauling
Numbers show the scale of distance in mile.

P 0
o
7

(@) JUN.10 i {b) Juna

{C)JUN.13

Fig. 13. Tracks of the Danish seiner (D3~D11) in their net-operations, 1965.
D3~D11: Sampling boats R : Anchorage point of mother ship
a : Starting point of the net-towing b : Finished point of the net-towing
c : Finished point of the rope-hauling
Numbers show the scale of distance in mile.
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Fig. 13. Continued.

MEAHEOLDRE, BEROLOMNRIZTHY, HBEIZLEOK6EEEDTHE. ZhbHOEN
DOENCITFERC L BEELTERLY, H2VIERRCEELTE TEHE KRB EN, &
BEEBRRZELIEELIb Db 5. Fig. 13(c) © D8 #, Fig. 13 (g) © D4tz OFF
Blch 5. Fig. 13 X 0BECET 2 BEOAI I XU #ElERD 5 &, Table 8 RTHED
T, FTREEBEEIRO 5 bRBCHR I PEY 525 LEx bh 3 EEd MR BDIX0.50~0.93
BEOGETEH0.631 L7t ), FOBRIREFAICETEL L3EWR LS. BFCEMIIDR
KEEEEE AE 130. 48~0. 84 B O T 0. 67 18, BB L v FARIAE TOBPCET 5
5t EF 13, 0.63~00.27 BOGHETTHO0.1ELich, FHERLRFTELSLIZLAEELEL
THETIELS.

EEFE L BEcET 2 & HERT, R, WOREEE, BEERERSOMONE, SMRE
DI ARBRORIC L 3 HEIRICKTHA I L ELbh3. SHEEREFXO ORSEOHE
HIZLAYS Py EORERAYBTED, COEEROBELFSTEL)THS. RMARMAE
RRZEL M Bl 254 (Blxid Fig. 13, (c), D8 MDHE) X FOERMAMORBEAHENC
B, TiEhSERmEIR - Tod, REIERE AE 320 9T 0. 7TE T b XY, HEERCE > TR
0.6378 L BDOBPA LB L TE LBV COHEORMET Table 8 @RI X512 vk
¥b, FARCZOROEEEHTHREL Iy (Fig. 13, (c), D5 O RBRED 1/2 Lig-> T\
3. BEACLEEAF (RSB HIRTHR MokEs Ab—7 )5 RERPEROBRBCET 2
FEEET 1.20~2. 328 OHWEATTY L5518 L g3, ZOMEI e — AR ) RERMCHLLE
LEML, ZOBDERMEOKRELELLS.
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X2, —% 5 BIERMED LM LEREICOWTRITT 2. AR LERE & R E O, S X
> TR TCON 2 WEOMEME S T8, —% 5 RIERMEOLEIMEE_LiC B X SO FH
FEARAUNE, BT 2 & &7 {MEICTERET 2 $ 0 L LT S il a2 e e 2 L b
TAHMOEBIC & > CH Eh 2R ALRMOEHBRC L > CEE 5 BT RMERIERKE L
THET L & L. FHEOME, WH 1T X 28R mEET SR 3 T 5 102x10'm? &
=Y, BR 2 ORETERE AT O HRERLERIAE T b 0, s O A BT L C R A 5
Licd D, BALE X D 48D BEEN IS TR L3 0, HHREODHIE 0 ThH o b D, i
ZREHAD S D7 L 11 Flakk ARS8 koW CHER Y e 2 +2'5 7 tFEb T Fig. 4 015

Table 8. Tabled distances and catches about 17 operations of the
Danish seine measured by the radar.

\\N“’E;l’;vrvlglf D11| D8 | D7 | D8 | D5 | D7 | D8 | D4 | D6 |D8|D7|D4| D9| D5|D10|D11| D4

. Fig| 13 | 13 13 13 13 13| | _| 13 ‘ |
Distance | (a)|(b) Ced Ced €D) ) (&)

BD (mile)| 0.72| 0.66| 0.79] 0.53| 0.76| 0.70| 0.64| 0.50| 0. 680.67;0.750. 550.75/0. 60| 0.55| 0.66/0.93

AC 0.84/ 0.98| 0.88( 1.00| 0.78| 0.87| 0.76| 0.70| 0.80/0.84/0.94/0.830.930.78| 0.96] 0.89| 0.69
AE 0.84] 0.53) 0.64| 0.70| 0.68| 0.55 0.62| 0.75 0.480.500.64(0.63/0.700.60| 0.69 0.61]0.59

© SERSARS] S
EF 0.20[ 0.20) 0.20 0.63/ 0.54] 0.02 0.24| 0.15] 0.030.04/0.270.12/0.11 0 | 0.14/ 0.08| 0.10
CF 1.84) 1.80 1.78) 2.32 2.10 1.50 1.20| 1.68| 1.25[1.40/1.28/1. 22/1.44/1. 47| 1.58| 1.63 1.37
Catch (ton) | 2.50| 1 50 2.00| 2.00| 4.00/10.00/12.00| 6.00 4.002.50|5.004.005.004.00 5.00] 4.50| 4.50

A : Point of throwing the buoy
B, D : Points of alternation course
C : Point of throwing the net
¢ AE : Distance of net-towing
E F : Distance of hauling up rope
© is direction to astern,
- respectively in shifting of ship

C F : Direct distance between C and F

10}

(%)

[$4]
I

Frequency

b

100 120 140 160
Sweeping area (10°m? )

Qo
o

Fig. 14. Frequency distribution of the sweeping area by the towing
rope of the Danish seine.
Shadeless part: The case when the accident happened on the
net, ship’s name was uncertain, and the operation was done
at the point off four miles from the mother ship.
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ir b =— Fi% 105~115X10'm? ¥ 130~135X10'm? iz & b 5. FIZFER L b Ty i L Emi
23120x10'm* Bl _E& 5 B @ OfiAss D7 fy (FHmETE 135X10'm?), D10 fs (FHmfE 122X
10'm?) %< &&= — FiX 105~110X10'm? & bh, &1 X b RDIFHHE L DET IR,
IO X5 LUCAKEHC BRI B BFeoBRM BT 5 L WiEM AR REECkE
b, EFEHEBEIEREL LR bE—EEESK.

EHEEOVEENKTT 5L, oXIEEOBBCRITTS, IRk s 0@ERBick

3l JUN10 3| JUN. 11
D3 D7
1t 1} D5
D8
1 1 1 1 L 1
0 5 10 15 0 5 10 15
3t /Q 3t JUN. 22
2 _k__‘)” I
D5 D6
= D4
e 1t 1t e
X
1 1 1 1 1
0 5 10 15 0 5 10 15
> 3} JUN.23 3l JUL. 5
&

Towi ny
- )
T L]
oo
®2
- )
T L
oo o
Qog &~

4 L 1 1
0 5 10 15 0 5 015
3l JuL.a 3l JuL.1g
2 2t
TN o1
vr 101} D4
DITNRE 10
0 1 L [l 1 1 A
5 10 15 0 5 10 15

Time (minute)

Fig. 15. Changes of the towing speed happening in accordance
with the lapse of time in the Danish seine, measurd by
the Radar.

D3~D11: Sampling boats
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I AMEIMORE S, AOAWEE, RBREOFMCL->TEBLES TP LRELORE. &
CCHEIC AR, WENCEE (Vv M) i), EFEEELEEEEOZLORBERNL
T4 5. Fig. 15 WEFEHEOLILDORRE, Fig. 16 IEFEHE L HiEEEOTILOIRES B
MR EDLLICYDTHS. FEHFTHE I~ RO - T HET 2 @R EZdbh s
25 WL EFRRBER T~ 8 A TARCBREL T3, ZHIXSEEHEBIRSBEAE L L
PRSI THENTTH 2 1%, BHFEIUHCE W TUIRMcb: 25BN, HoTH
EEBZE A, REOTARFENFRD SHRFRCHBEITT 5 C RA T BT b 3 B hHrEmL, k
RO X5 IBEOBRVBBEN T 5D LEL bh 5.

EEehtatk b oMk 2 HE & BFK T 5 2N R 5 HELRDIET5 &, B
#1311.8~3.4 /9 FTCFH24 /v b, BEXLI~NLE » FTCEHL3 v b EiE. O
EHEBEIL X CEELERE RV, BRORWEIR—E T,  FRHEOGEHEM BN
KTCHBDT, —BODEERLLTRDIOITTHSE. ZOX5LTRDI-FHETD -» TEHFE
DML EHO RS T 2 EER BT 5L, MEDEIWNLO /vy b2, BFEHING
h REILEEDEAEED LS.
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Fig. 16. Changes of the towing speed with the time elapsed from the beginning of
the net-towing to the finishing of the rope-hauling.
D4~D11: Sampling boats
P. S: Horse power of main engine
Bracketed numbers show the weights of catches (ton).
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Fig. 16. Continued.

BEOBMICES L, MEuk Fig. 16 KRTI5CAIELO /v P X H/PNSWELRZH, HE
BODHE DI Igv. O VIBETIHEORHLD, O ThI NI WEELZRLTED,
o TIRLALEILLTHEERT b3 L RARLTEX LWL 5 Th5. ks Fig. 16 iR
Rope speed LITHMOBIBITEHEDOZ LT, TOHEI KT ADEEE, F7 2k XIORMD
Bt -TREBD, BAELCERETII 1m/sec Thote. i Fig. 17 &SRO RMOER
BRLIESDTH B2, AECENT0~3BmmBEDO~ =7 v —TREOXEE D, &S
T AW CEDOKRELBMY, EIMAETOHCERLYEL, LHIEOLBHMN7vEF R —
TEBL TV ERIEBEL TN 5.

AV) HEEERC & BAESERT

SETRRIL IV —F — I X > THAOBHBRCHESFIRELRSZ A, —% 5 RERE
BRREET 2 DR S NETDH 3 EEECERET KT 5 S0 BRBROZLEL ERNRvES
FTBh, EITERERC L HRWER D RIEHRR. ZZTHRATEIY — 5 —C X - THRCEE
fEx d LT BEBERSITR, —% 5 REREY AT 2 0 LBRHETEYRDB Z L L L.
R UCHERLE-RMIIER 30mm, £X2,200m D<= r—7"%, *-ERET1965E
HODEEWTRE V/T0FER LIch DT, fEICh 7o - TTJILE O RMACES S ¥ 2 i,
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ESEIENEIICR > 7. 7k, EWELEEEL O, R L0 ERBOSER L
i¥ Table 9 TR L 7.

EBRPGII0m 7 — &AL, Fig 18 KRT X5 T S I=ARRKC 8@y EBEL, *
DRMOWG & HEMMO MBI LD L, FFE, FFEREOAECIFIoMMKL T XHE, *

Length of towing rope (m)
590 0go _ sg0 2000
30 29 30 32 33 32 30 3
03 I o I — 1 .;
28 30 32 33 32 30 32
D4 T T T 1 |
D5 27 30 32 33 31 3332 30 33
I I IR T ] |
28 27 30 32 33 32 30 32
D8 T — I — I
D7 13228 30 32 33 32 30 32
P T T T 1 T ]
o
29 30 32 33 32 30 33
o Dajm T I B |
30 35 33 353 33 35 33
Dg 1 27
29 3030 32 33 35 3% 33 32 3

D10 I T I I
DI 28 27 30 32 33 P2 30 33
I | I T ]

Fig. 17. Construction of the towing rope of the Danish seiner
(D3~D11).
Numbers show the diameter of the towing rope (mm),
blacked parts showing the combination rope.

Side view

Hauling rq e Ring Copper line
WL.
Jowing line
Roller
¢ Boat Copper line —
v B\.‘7. W L l g

Net
Towing line
Plane view \
\ S
Roller Boat Net
18m
S 2
50 m

Fig. 18. Experimental equipment of the model rope of the
Danish seine.
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TRERZHT, PRSREOEE CIEEMEEIEL CTHRAY s XFe, et 3%
MO R, WOBBEHSORELTIn- 1.

BREMIEIRT 2 L5, WELRBICL VO3 NBEELT, 77— A0S KE ECEEL
TSR E AT, AIRCEMOCHBETEO X S lic. itk EBREHBTICY - TR
FOBBR M 7 — 0 OFREC Rl AR ED CTEE L8, B CRBIERES L0 SsE
BEDRETI2HITTHEA, hbHOEIRLTY —F —T EB B LI Table 8 DEIZ
NOBREFHLUIMEEZOE TR L & Lic. BIb &R Table 8 ® BD OFHHE
1,245m ##ERLT17.8m 2 L, MORBERIFE LT Table 8 ® AE O¥#51,080 m ##ER
LT 15.4m L7 HR\EEITEECIE Fig. 15 TRT L 51T, EBREOKEIRE - T R4k
L, ¥iC L > CTEORDRIER R 5 D TEDEA, L b ERTERBERYB2EB080D
THEE DRI A B —E T 5 Fig. 15 @ Jun. 11 310 Jun. 23 ® D7 oHESs AL
To. ELR@EELRBEHTIHE0OMOEEIEHHT, FEEOFAIENCAEEIBELTW3E
BT, FHED 0.1 L1z ALRMIESRVERTIVOTO & L. HIETERLEHEE
BT X - TR, Fof5EIE Table 10, Fig. 19 KR/ L e,

Table 10 it X3 &, —% ) RESBEOMACLERFETIY, REORECH > TELT 55,
2057 D RAEAHHE T LT 36 Sr DB AT+ 5 B CIRIT 7 D BT L MEAZED B i,
Fig. 20 2z @ & 5 s ZFHTLORBEEINC M 5 BIUOREBR IR L1c d OT, FERH S Hx 0T
DHRIHT, FHETHOBIEMIC ONTHEEEL ML 52 LKL .

COBBKRRTIE, BERMEZRET 204, HELRMOMRE BT 36 2 & b & 56 %
e Lic. ZORERMCH) RHFTOELE A5 L, L@ 3 MOEHERS, =i
HENRIHICHES, BRETEL LB 1D, ARECEEOMONRAE L, BETIELL->TkD,

Table 10. Experimental results of the model towing-net,
reducing scale ratio 1/70.

Lapsed |Proceed-| Towing |Proceed-| Average | Interval Inte;val A
. : ing ing of both | of both rea
Mark in | time | gictance| SPe€d | gistance| SPed ©f | g point | wings
Operation Fig.19 ’(c):awl er of net | net %l;g.wixglg edge
of net (minute)| (m) |(mile/h) | (m) |(mile/h) (m) (m) (X10*m?)
Xa~Xc 5.0 390 2.4 125 0.70 | 1245~980, 63 100~98
Net-towing Xc~Xp 5.0 260 1.7 130 0.84 660 63 98~-82
Xp~Xg 5.0 230 1.5 160 1.04 505 63 82~56
Xg~Xg 5.0 200 1.3 200 1.24 365 61 56~38
Xp~Xg 3.7 0 0 190 1.66 280 58 38~26
Xe~Xy 3.7 0 0 195 1.71 195 53 26~12
Xu~X; 3.7 0 0 200 1.75 125 46 12~ 8
Rope- Xi~X; 3.7 0 0 210 1.84 100 39 8~ 6
hauling | X;~Xg 3.6 0 0 210 1.84 55 26 6~ 2
Xg~X. 3.6 0 0 210 1.84 30 18 2~ 1
Xi~Xu 6.0 0 0 360 1.94 15 7 1~ 0.5
Xu~Xy 8.0 0 0 490 2.00 — —_— —_
Total Xn~X, 56.0 1080 — 2680 — — — —
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Fig. 19. Experimental result of the model towing rope, showing the net-figure
transformation under towing-operation.
XA~XN: Net A~TF : Boat

HERCHT A ROLEHIENT 1,080 m Th 3. BHERIMANE SLWOTHEHERIO0 ThH
5. BRIEEEIIETN2.4 /9 b, H¥EL3 /oy P TREHEOREICH > THIREL K-> T 5. D
R Xa~Xe (IR @ENT 615 m, HiERC 2,065 m, 312,680m 2705, HEITREEAGLE
RICATER D 525, BEOMEATITEROFONID. L UEMORKE X RTRBIE
h, RIEKTRICEKT 2EOEEESIMOEHERDOK60 %L s, BEOREITIIW5L, @
DEHFERE Xc~Xy OHONT B {7nbh HEHEARE L B0 BIRIIISE A /s LLpIBIfRE R T
DX 5 CEOEHERE RER L BER TR B0, RT3 Bl ARREo Bk O B ER T
2bDEEx b5, EERBIIEOHEHIERE, LRDIDDT, BEOWHTIIFHOS /v b &
DNEWA, R ORE & HCRFCEEL, DG TRICIREEL 24 /v MCET 2. HEOR
BITiIVW 5, ZOFEBIFCHL LD, BRLACHBEABIBETFIEECEV #HX L3, HEeHR
BEAFIZIEEAY 63m TELHY, WAL —FHRVWEEThHD, BEkTRE Xe b3
CHRED 6lm 2753, LALBECE 2L, wMAlBIZECKE Y, RCEERRM 35 3%1D
45 5 BT HT TOBHD TAE (/e 5. HIBOFARLD 650m DI & - fe MO i th S D
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Fig. 20. Change of the various elements in accordance with
the elapsed time on the operation of the Danish seine.
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Fig. 21. Plane-view of the laboratory tank of circulating
water system.
A : Observational window B : Rectifying plate
C : Wave-control plate D : Vertical iron net
E : Water wheel
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Fig. 22. Developed figure of the actual net used by the side trawler
(Table 2, T1, T 2). ’
Numbers in the figure show the mesh number, bracketed
numbers showing the mesh size (mm),

H.R: Head rope G.R: Ground rope
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Fig. 23. Developed figure of the actual net used by the stern
trawler (Table 2, T3, T4, T5).
Numbers in the figure show the mesh number, bracketed
nnumbers showing the mesh size (m).
H.R: Head rope G.R: Ground rope
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Table 11. Comparative table about the ropes of the full scale and
the model scale nets of the side trawler (T net).

\ Net Full scale net Model scale net
AN .
AN Item Material Diameter Material Diameter Yg:ég?(t g(f)pa;dded
Rope \ (mm) (mm) (g
Head rope Wire 14 Teviron 1.51 0.053
Ground rope Wire 18 Teviron 1.51 0.094
Man rope Comb. R. 20 Teviron 1.51 0.044

Table 12. Comparative table about the floats and the sinkers of the full
scale and the model scale nets of the side trawler (T net).

\\"\\», . Net Full scale net Model scale net
N Item Buoyancy Buoyancy
L Material Size or weight |Number| Material | or weight [Number
Float, Sinker ~_ kg) g)
Wing part Dia. 240mm| 4.8 34 1.00 16
Float ‘Triangular part Light alloy ” 4.8 14 VINICON 0.83 8
Spuare part Dia. 300mm| 8.3 9 1.20 6
Edge of wing ” 8.3 6 1.20 4
Bobbin Iron 1.35 56
” Wooden No. 4 0.22 145
Iron and
” Wooden . ” 1.90 76
Sinker Iron ball Iron Dia. 150mm| 4.80 37 Lead Total 56.6 _
Iron pipe ” ” 0.135 178
Wire crip ” 18mm 0.45 28
Chain ” 12mm, 5R. 0.90 135
Wire rope ” Dia, 18mm
Total buoyancy of float 355.8 kg 34.7g
Total weigt of sinker 578.0kg 56.6g
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Table 13. Comarative table about the ropes or the full scale and
the model scale nets of the stern trawler (T net.).

Net Full scale net Model scale net

Item Material Diameter Material Diameter yg:ég?g ;)(f)pidded
Rope (mm) (mm) (gd
Head rope Wire 14 Teviron 1.51 0.053
Ground rope Wire 20 Teviron 1.51 0. 200
Man rope Comb. R. 20 Teviron 1.51 0.044

Table 14, Comparative table about the float and the sinkers of the full
scale and the model scale nets of the stern trawler (T net).

5— Net Full scale net Model scale net
Item Buoyancy Buoyancy

~.

Material Size or weight [Number| Material | or weight [Number
Float, Sinker \ (kg) (g
Wing part Dia, 240mm 4.8 40 1.00 19
Float ‘Triangular part Light alloy ” 4.8 14 VINICON 0.83 8
Square part ” 4.8 ” 1.12 6
Edge of wing Dia. 300mm 8.3 6 1.25 4
Bobbin Rubber 350mm 4.1 10
” ” 240X 50mm 0.9 16
” ” 240X 70mm 1.15 32
Sinker| 7 ” 80X40mm | 0.06 198 | 1ead | Total 44.5| —
Iron ball Iron Dia. 150mm 4.8 21
Rubber ball Rubber ” 3.7 6
Wire crip Iron 20mm 0.5 18
Chain ” 100mm, 5R. 0.5 88
Total buoyancy of float 376.2 kg | 38.37¢g

Total weight of sinker 436.3kg | 44.50g




% : ERAOREE 39

HEET Table 12 @R EY@EcH L TEMECIC =2 v 78 IUBIREAVsZ L L L, #
FOIEN Lk FO®BE DAL f1/f" = V'3 /3%0"* = (0.346/35) = 0.98X107* X L.

b) X&vho—IiB

BHEREERD X 5 CED THAMER L, BEERYITR-T.
O)Eg@mﬁﬁ:MW=%'@)FV4V@@KIUE@E@&ZWWQWW=QR5(@
FOROK: EYEOBHIIETAA Ly 7A NI A YERAVCTWES, H4 F e —ifeFRC
FAmviEL LT BB o/0"=0.354. (4) WEOEDL: EWBOMEL Table 13 CRT X5
CELLTCVAY—r—THEANTWEY, BEECIreerYy b 74 ERAVEZLETE.
& d//d! =0.247. (5) IDke: EYrEE L EAEOIZ T Table 14 1wR$T X 5T, BFOEH
Nk Fok DX £/f7=1.02X107" ix%.

) £ B # B

a) H4Kbo—IB

() W\AhRF

O X L R L ORI Fig 24 ©RT X S CEBEOE Y, kMR
13 U R AME  Tr B ERINED b s, BB #ok R B O sk S i phseRiRE 11~40m D5
BT 10~15m D% RT% FORES TR THRETL, HEL0/ v M T 2.9~41m
DEL 5. FIHERRERR I S EORRESEEL, HROBRLEVEELRIRCFED
EXDE31.0/y FC45m, 20/ y +C28m, 3.0/y FCL9m, 40/ y FTLImMT
FHEOH N EZDOEI/ NI WELILS.

W, FER 0.5/ v MECKE - e HEDTNERORKMIC IS 5 BH i RE S ORI EE

{m)

o
— B
7

£
é e—-e1lm
L0 \,\. —:Zm
€ ~ \\. a—al0m
“ \°
° ‘EQ;@\\\\“
5 T e
s R X ey e
T

1 [l 1 1 1 1 T

3 4
Towing speed ( knot )

Fig. 24. Relationship between the height of the net-mouth
and the towing speed of T net used by the side
trawler (T1, T2). ‘
11m, 22m, 32m, 40m : Interval between the wing ends
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Fig. 25. Relationship between the reduction of the net-height
and the towing speed of T net used by the side trawler
(T1, T2).
11m, 22m, 32m, 40m: Interval between the wing ends
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Table 15. Values of k and n in the equation about the resistance
of the T net to the running water.

*
o erval® 11m [ 22m | 32m 40m
242 373 392 506
1.90 1.85 1.89 1.99

Interval*: Interval between the wing ends
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Fig. 28. Relationship between the filtering volume of the
towing net and the towing speed of T net used by
the side trawler (T1, T2).
11m, 22m, 32m, 40m: Interval between the wing ends
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FOEINEMELILE. RCHEER 0.5 /v MBERY - eBFED TN EFNORERRNIC IS 5 18
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Fig. 29. Relationship between the height of the net-mouth
and the towing speed of T net used by the stern
trawler (T3~T5).
11m, 22m, 32m, 40m: Interval between the wing ends
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Fig. 30. Relationship between the reduction of the net height

and the towing speed of T net used by the stern
trawler (T3~T5).

11m, 22m, 32 m, 40m: Interval between the wing ends
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1% 1.6~2.0 / v F FTIREIGCHE L, BoBEORIMCHES BT HRE . Rt osd
B 11m OFHEY, MHOMEMBOBECLEL TEL{BADETT2HENE D bR E. X
B2 D B ABIRABIC 351 2 M8 O SR XA RIRRAS Y 4 F b r — B L [Fl#E 30. 2 m, ERAEEEEA 3. 4
/v bThBMD Fig. 29 XhRk®»BH L 3.9m L\WwifHLics.

(2 #BIChvd B FkiER

WOEEH L BEERE L BRI Fig. 31 TRI LS CHEWHS 7 7 TR TL 11 /v M oBE
ET5200BEMTERLTZ LAHRKS. EHET — iR oE-BAL S @R 5
2%, HSEHRROBRK DA 40m OFEER S MOHEL ThZThOMIc I X AE 2L DR
W A Fbr—ABoFE LA Fig. 31 Lh 1.1/ v + DL ED BEsT 3 EBR R=
KV*» @ K X0 n OfEizskd3 & Table 16 (@RT L 5 C, n OfEITE #h5efE 40 m 2T
WD 21 EE I B, EEEO REIRIEC 1T 5 IS M5ERREAS 30.2 m, RBEEEEMN

( ton)
»H oo 3 o

(%)
!

Resistance

a—o40m

1 2 3 4
Towing speed ( knot)

Fig. 31. Relationship between the resistance and the towing
speed of T net used by the stern trawler (T3~T5).
11m, 22m, 32m, 40m : Interval between the wing ends

Table 16. Values of k and n in the equation about the resistance
of the T net to the running water.

Ttem Interval* 11m 22m 32m 40m

k 292 347 345 686
n 1.88 1.90 1.98 1.66

Interval*: Interval between the wing ends
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349 +Thohb Fig. 31 nbRHB L 4.2 by iinh, FAU BEREDO ¥4 F br—i8
WHIEBLT L5 by By, Foii L 3 L OMFr RO TERRNO n OfEIL 198 EWEL .
5.

@ MW n ' K

HEEDORBICHE 5 BOBIROLLOREEIZ S 4 F e —ABLIZLALELIRWA, BEOHKR
k3L LS AEOBAEANDOILERERY 4 F e —ABL v EBRLTWE L5 ThHs. O]
Eh bAIRBONEREOZE/E Fig. 32 WRTEY THA F e — LA WFhokseHE
DFETHERIHCE > TR L, 2.0/ v PRLECHEEL o HEOEBOMD BT
DEHEN 40m OFAR BLHNIWEER L 5. BEHREREIC B0 5 BOMERL dbiorifEss
30.2m, WMEHENP3.4/ 9 bTHBEND, Fig. 32 TRDB L 106 m? 7 3.

@ BBRBARE

BREMEAR L A L ORI Fig. 33 WRT L5, WIhOmMAERBEORE T BEH
EOREARIEMNL, FLEHEOHELREMEMBOLACERTRIKRTSHS. HHCMHEIE
HOINRIHEMEOIANEARTH 52, HEMBOK11m, 22m OFEFD 3.0/ v + LI E
TR ERELBEMBIIRL Tigy. B REREC ST 5 BARER Y b RIEEEE R ML
fRE 30.2m, =iEBESH3.4 ./ v 25 Fig. 33 X bR 3 L 667X10°m? L 75 5.

5.2 2 ZZ5HERM BW

® x® B B

ERCHWIEZZ 5 REREIT 1963 F2 5 1965 £ 3 T #ilh, ~X— ) v rHREIREICE
W, EREMEOMBRKAL LTCHEBAINC BT, 20 @EEE X Fig. 34 wrRTEY TH
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— 2 3 4 D rowing2 3 ot
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Fig. 32. Relationship between the projective Fig. 33. Relationship between the filtering
area of the net-mouth and the towing volume of the towing net and the
speed of T net used by the stern towing speed of T net used by the
trawler (T3~T5). stern trawler (T3~T5).
11m, 22m, 32m, 40m: Interval be- 11m, 22m, 32m, 40 m: Interval be-

tween the wing ends tween the wing ends
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Fig. 34. Developed figure of the actual net used by the bull
trawler (Table 3, B1, B2, B3).
Numbers in the figure show the mesh number, bracketed
numbers showing the mesh size (mm). H.R: Head rope

5. ZORIAMY EYOLEHN62.1m, FFHEK66.4m, ETFMAKET3.8m THADHENL
aY Py FR<=5 bV A4V THBEIMNILE 380 d K) =Fr Y bV A YERAVWTWS. SO
L, R BROBAER LU EAORIEL L, IioHE BERIFEL BEEL t- T
3. ZOREZERN LBRABMOBKARRER Lic~=7 b7 4 v BT IUE, FEXRFHE
2ETHEMEN L, BEETHEImEL/t->TWv5. RAMIEICTETHLEH, ==V
A YHRETRRLEIN TV ABRBOHTOEIIAFETH3m BVWOT, [FEHCREREICIKT 518
AMERIEAERAR L2 ThHS. WMo THRMTRVEIWEI~=7 + 74 YETHL THiIE
WAMETEH, BEOBBENRK L >TWD. FIchEN L0 X /IS WER & 5 FRHEY
BEALTWBLZAND<=7 b7 4 YBEIRALRBRRR.

m &% = B

BRHERKERO L 5 CEDTHEAPEAER L, BEERLY T

(D) EXOMERM: A/1"'=1/35. (2) + 74 v OBRBIOCEEED: d'/d"=I'/I"=0.15. (3)
FHOH: EYEOEBITIIRY) =F LY VAV ERBOTWAY, EREITER (0 =1.25) %
Hwaorids. Bie v/v"=10.15(1.25—1)/(1.25—1)=0.387. (4) OB Z T4y
DEN: 2y F=Y FETO~=7 74> (p,/'=1.25) 0F% D 5. Bb D,//D,) = v'"*(p,"
—1)/v"(py'—1) = 0.15x (1. 45—1)/(1.25—1) = 0.258. (5) #WIHD FEDOL: : EYEO ME
Table 17 TRFT L5 LTIAv—r—7 (0" =7.83) VT2, HEEPETIETHSR
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Table 17. Comparative table about the ropes of the full scale and the
model scale nets of B net used by the bull trawler (B1~B3).

\\ __Net Full scale net Model scale net
Rope w Material Diameter Material Diameter
(mm) (mm)
Head rope Wire 14 Saran 2.83
Ground rope Wire 18 Saran 3.64
Man rope Wire 12 Saran 2.42

Table 18. Comparative table about the floats and the sinkers of the full scale
and the model scale nets of B net used by the bull trawler (B1~B3).

Net Full scale net Model scale net
Ttem Buoyancy Buoyance
Material Size or weight | Number Material | or weight
Float, Sinker (kg) g
Glass Dia. 30cm 10.9 5
Float Ball ” Dia. 18cm 2.2 24 VINICON Total
Hi-Zex Dia. 24cm 5.7 4 40.91g
” Dia. 2lcm 3.8 54
Bobbin | Wood (iron band) | 120 170mm 1.2 270
” ” 150 170mm 2.8 25
Sinker | Chain Iron 18.17kg 16.4 8 Lead Total
" " 33.75kg 29.4 1 44.02¢
” ” 41, 25kg 36.0 2
Total buoyancy of float 335.3 kg 40.91g
Total weight of sinker 360.8 kg 44.02g

(p/=1.39) DFEEDLDITHAFMMLIbDEEVE L 35, Hb d//d""=v"1/35%0.15
x(7.83—1)/(1.39—1) = 0.274. (6) J1Dth: EYRO BZFIRIMFEL ~1 €y 7 ABFEF, Ik
FREFARBR—v Yt F=y EHAVTWES, EREETIETFCY=ars, ETFEHEERT
5. TOREEUL Table 18 1wRd. - TEFOREN LILF OB O X

/1" = (0.387/35)2 = 1.22x10™* r7c 5.

am = B # B

(1 \BARRFE

BOhRE X L BE®E L O B Fig. 35 ©RT X5 EED B, ik
B SIREL hsEENRES RS, HIH 0.5y Moishd 3O AR E X3 idSeRRE 11~53 m
DT, W% 15.4~7.5m OEERTI, ZTOBEIIIHEHCHE > THRETL, HES3.0/ v b T
5.8~2.3m DfEL 7. HHECH S BWOhREIOBIEL Fig. 36 wR_RTEH, WIFhowdk
HEOBETIFEOFENERI T3 HI X\ BB 0.5~1.0 /v M TIXED HANE 2.5~2.7
m, 1.5~2.0 ./ » b T10.9~2.2m, 2.5~3.0./ v FTiX 0.3~1.0m t7ch, WOFREIX
BRI A1 - THS—EMECES 2L BRL TV 5. ¥R oBWEL OB EIR/ X
s PIZIEHEE 1.5~2.0 / v b, #%AEES3m & 1lm OFER T2 &, BEX0.9m TH
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Towing speed ( knot ) Towing speed  ( knot )
Fig. 35. Relationship between the height of Fig. 36. Relationship between the reduction
the net-mouth and the towing speed of the net-height and the towing speed
of B net used by the bull trawler of B net used by the bull trawler
(B1~B3). (B1~B3).
11m, 21m, 44m, 53m : Interval between 11m, 21m, 44m, 53m: Interval between
the wing ends the wing ends

BAREIT 2.2m DR LIV EEOMICHIR Y DEDH D Z L HRL T, FIciSekfEo 5
P C1Im CILL0 /v +235 2.0/ v MTHEEL CTHEDBRMEZEDLT 2.2m #RL, D
fEMFRC L T DBEEOFHESHEIN THRARRE X RESERMLL VW E@ERL T
3. EEODMEIREBIC KT 2 B8O RE X hiekfEs 45 m, REHEEIFIF2.5 /v b THBEH
» Fig. 35 »bRDH L 3.5m rin5.

(2) MBIZhBiFRKIER

Wo2EH (R) ria (V) Lo Fig. 37 @R TRCERTH Db T LA HR B2,
— SRR O AW BESEI A L I b, HEMEOERC & 5 EFZE MR 10m D&%
B TEZEICERD bivia\. Bl hSelifE 53 m OESERRIKE {, RT44m, 2lm OlFE 7t
S TWBE, Zhb3ZBOEFMEAFFLL.0/ v +T0.53~0.66 >, 220/ vy PTL3~1L8b
¥, 3.0/ y b T2.8~3.2 bviind. Fl-tkMfEI63m & 10m OHEOEHEELAS L 1.0
/9y bTCO02+Y, 20/ 9 +TO0.81+Y, 3.0y bTCLOMY LD, HENESLEELDE
BAEL 2 EEREDONSE. KIcFig. 37 Lk > TRDdD OIS EBRNX R=KV" xH 15/
P OB HERREOHED K, n R FhFhRH % L Table 19 wRT L5 h, n fHEXW
Thi L5EWEL £ 5. EEORMRIEIC 1 2 EHEITHSTHE 45 m, R@HEH2.5/ v b
Thbhb, Fig. 37 LhRDZ L 2.2 bv e WifErinh, FLEBEHLEL OBERERLTE
BRAD n O 1.45 L8 5.

Table 19. Values of kK and n in the equation about the resistance
of the B net to the running water.

It}ﬂ?ﬂ 1lm 21m 44m | 53m
432 592 587 ' 504
n 1.52 1.33 1.45 ‘ 1.46

Interval*: Interval between the wing ends
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Fig. 37. Relationship between the resistance Fig. 38. Relationship between the projective
and the towing speed of B net used area of the net-mouth and the towing

by the bull trawler (B1~B3). speed of B net used by the bull
11m, 21m, 44m, 53m : Interval between trawler (B1~B3).

the wing ends 11m, 21m, 44m, 53m: Interval between
the wing ends

@ W\ o 'K

WOFEIRE L0/ v MHE % TIXRHMR L O ABEE S 24CIZE L L T 3 EMI2 R bR 3 2%,
L0/ vy PRLEWe? LREITED D RICIFFROBIIBEACIBR L8, Bi2.0./ v P ETIX
MOZMOMWREIX—R LY, FCZAERH ORH@RRPT T CEBIRE B, 2Dk
TeRE DI 5 OERO BT HEMBOEWEEETH 5. WOMIER & HE L ORI
Fig. 38 R L 7oA BRI MERREOM - 11m, 21m OBE, KIK2.5 ./ v b CEBE
L HBIBAR T L@ A, 2.5/ v PELERRE LBIR T DWARIMEL /5. #hoCHIfE 44 m,
53 m DFELHIEHE CEM D BN B, 4mH»R53m kb dHEiC EOERERENGE o
Rig->T5. 0D XD IRBEPE CleDX = AREMOMERERIENSN Slin\ e, SR 53
mOLICHETEL L2 >T 4dm D L5 ERWEE L Y EONERRBRITI2EACLS D
DrFEZ OB, EEORMIREGIC I 2 H5EHME 46 m, BEHEH 2.5 /v P CIXPEOKEREL
Fig. 38 kb 118m? ric 5.

@) HBBRBERE

RIEREAH L RIEEE L OB Fig. 39 W RTEBY Th5. FARMIMENE4m 0Bs
AHHKRT, MEHES3 m, 21m, 11m DIFC L/ > T35, L2 LEEOMIMCAE 5 AR
DHEMOMEAEL + » —VEDFEL Ric> T Y, b3HEEE CREMIBEMT 52, Fhll ko
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Fig. 39. Relationship between the filtering volume of the
towing net and the towing speed of B net used by
the bull trawler (B1~B3).
11m, 21m, 44m, 53m: Interval between the wing ends

HEC B &, BRI —EEEROEMMIED NS, BH0.5~1.5 . v b TR Fhofisk
RO % & T I 100~200 m*/hour OEIETHMT 5238, 1.5/ v bR/ 3 & 450 RFE 53m,
2lm, 1m OHED LS CIZLALEMLEWT—EELEOBEL, 4m OBED L 5 Ik
THEHED 200N HZ LG, BEEREREBICK T 2 1R » 2EEEHs Fig. 39 Lok
%L 118m?x1,852mx2.5 = 546 X10°m?® L 7r3.

9. 2.3 —Z5HERE DMW

O = B B\

KRRV Ic—% 5 RERML 1963 £ 1965 EEOTEFCED, BICRNA b r—1l, =%
YRERELREIRKC, ~—) v rBRERRGCE T, ESSEOWBRKAL L CHEEIREE
T, THHOBEHERERIL Fig. 40 WRTEITHS. Wb b v 60~100 b v ERDOERMK
KHERAINICRET, WEOESAE, BHEBEC O WCHET 2L, £ ) 0LETIE 1963 FE8 D
K842 56.6 m, 1965 FERIDMEAI 60 m THEENR 3 4m B - T 5. IRTFMIL 1965 R D733 66
m TI63ERDLD LY 7.4m EL, hFHD 1965 ERDOMEH 72.9m T 6.6 m £ 75 - T
5. WAL 1963 EROMEHAR, ATHCANY F4 vy, FOMOWPEHCH) =F1Ly F T4 >
ZAVTW2OIIL, 1965 ERMOMEI EHM=/A, FLFicR) =Fry bv 4 vE, FOMD
WHCTA vy b 74 Y ERAGCTNS. iR BONEDCEMELEH 2 D Z0WMCH) =51
ViR ERAL T2 23F8CE 4 @ YR FVTW 5. BAORE JIZATEET 1963 £5 O fE
BREVCEED L DEAVTN S MIFAESTCRA—EEETHY, WFhIARCEWES W
BEDOIDLL->TW3. ZABCOWTIE L= A G 1963 ER O 75 B, 1965 FE 0K
23100 BT, REFEOBEREMSE K-> TW52, THZAEIEERIZLA LE—FH Lo
W3,
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(a) ) s

90| 150 "ns
ml{ (75) (75) ]
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(m) \qu\pij 7 |[mus) fEEe |
NET 225 15.0 135 45, 68
ROPE  29.8 120 135 u5 ' 68
(b) 7) [0
3s| (120) Bl ) \Jgﬁ) E'
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NET 2%.6 16.5 135 60 ,, 60 ,
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Fig. 40. Developed figures of the actual nets used by the Danish
seiner (data of the upper figure (a) are shown in Table 3,
D1 and D2, those of the lower figure (b) are shown in
Table 3, D3~D11 except D9 and D10).
Numbers in figures show the mesh number, bracketed
numbers showing the mesh size (mm).
H.R: Head rope G.R: Ground rope

m & =B W
a) 1963 &£ ® A

EREEL L, ERTACOWTEBREERO X 5 IKED. ok —% ) RERBOERI
B AEOLEE OBFRTCRMAYE ERVERBCOWTOAERTS L L L.

1) BEX0MRE: M/3"=1/35. (2) ' 74 Y OBBIOCEERED: d'/d"=I'/"=0.197. (3)
FHEOL: EYEOEHIZIIRY) =F Vv Y rIAYRIT FArY b T7A Y ERAVWTWE2, #HE
Bl TrAevy b vAVvERVEZLETE. b, o/ =v0.197x (1. 14—1)/(1. 14—1)
=0.444. (4) FEEOBEDO: EYREOMEEL Table 20 TRT L3RV F v 7Arn—7 (0=
1.14) RAWLR T\, EEECEserYy v vAY (0 =1.40) # Azt r$5. H
, d'/d" =v'1/35%0.197x (1. 14—1)/(1. 40—1) = 0.044. (5) HDH: EYED IFFIZ 2T
WFETHY, FRLETHEBEILTTH 52, BEE T Table 21 WRTX 5 CFFREY ==
N7, RFCREFERTS. o TURTOREH LI FoTRBEHD L /7= (0. 444/35)* = 1. 59
X107* ¢/ 5.

b). 1965 & & 18

1) EXOMR: A/3"'=1/35. (2) ' v AYOREFIVEEED: d/d"'=I'/"=0.135. (3)
RO EYEI LR =AEVBETETIArY VYA Y THBDT, HEEBELETHArY
rUAvETE. (4) SWEOBROH: EYEL Table 22 1IRT X CBEFHlc~=w—7, ¥k
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Table 20. Comparative table about the rope of the fulll scale and the
model scale nets of D net used by the Danish seiner (D1, D2).
\ Net Full scale net | Model scale net
Ro AN Item Material Diameter Material Diameter
pe ~~ (mm) (mm)
Head rope Polytex 20 Teviron 0.88
Ground rope Polytex 28 Teviron 1.24
Man rope Polytex 20 Teviron 0.88
Boltch line Polytex 14 Teviron 0.62
Table 21. Comparative table about the floats and the sinkers of the full scale and
the model scale nets of D net used by the Danish seiner (D1, D2),
N Net Full scale net Model scale net
s Item Buoyancy Buoyancy
S Material Size or weight Number Material or weight
Float, Sinker | (kg (g)
o~ | |
Dia. 12cm 0.49 70
Float Ball Glass Dia. 15cm 1.07 30 VINICON | Total 10.60
. . — 0.1125 234
Sinker Tube China _ 0.1875 044 Lead Total 10.97
Total buoyancy of float 66.40 kg 10.60 g
Total weight of sinker 68.95 kg 10.97g

Table 22. Comparative table about the ropes of the full scale and the model
scale nets of D net used by the Danish seiner (D3~D11).
% . ;\Net Full scale net Model scale net
- _Item Material Diameter Material Diameter Yg:ég?; gépidded
Rope \ (mm) (mm) (g)
Head rope Manila 20 Nylon 1.42 0.969
Ground rope Cremona 34 Nylon 1.42 4.019
Man rope Manila 18 Nylon 1.42 0.706
Man rope Polythylene 16 Nylon 1.42 0.509

FRC 7 vEFr—TERAGIH, ERECIET ey bV 4 vy RV BIBETFEOSEIT
d/'/d" =v'1/35x0.135x (1. 45—1)/(1. 14—1) =0. 109, 7LFHEOLBEIT
d//d" = v1/35%0.135X (1. 31—1)/(1. 14—1)=0.092. (5) H DIk : i%F, LFOsKHE Table
WERTLICINSERIFL [ARETHS. LT TRFOFBENLILFO tkEHD X /" =
(0.367/35)2 = 1.1x10™* L7 5.

n = B # 2

a) 1963 &£ & 8
(M WAPRFE
BAHE OB LCfE 5 O R RE X 0 Bt Fig. 41 ©RTBC HED Bimctt- T R L,
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Table 23.

Comparative table about the floats and the sinkers of the full scale and

the model scale nets of D net used by the Danish seiner (D3~D11).

w\ Net Full scale net Model scale net
. R Ttem . . Buoyancy . Buoyancy
Material Size or weight | Number Material or weight
Float, Sinker (kg) (g)
Dia. 12cm 0.49 46
Float 1 Ball Glass Dia. 15cm 1.07 34 VINICON 2.8
. . — 0.1125 200
Sinker Tube China . 0.1875 140 Lead 3.0
Total buoyancy of float 58.9 kg 2.8g
Total weight of sinker 48.8 kg 3.0g
£
EMl
2
o e—e ilm
IE 10 ~e x—x 2l m -
- - o—o 42 m < E o—e 11
2 ,‘\.\ sa—a56m 0:’3 X—X 21m
i SN £, gn
~a X o =0 . a—a m
z \o\ \x>. v LC g:; [
= Ao o TxTTe 30 ey T,
: e 1 i
' 1 —_— 05~10 10-15 15~20 2025 2530
Towing Speed { Knot ) Towing speed ( knot)
Fig. 41. Relationship between the height of Fig. 42. Relationship between the reduction

the net-mouth and the towing speed
of D net used by the Danish seiner
(D1, D2).

11m, 21m, 42m, 56m : Interval between
the wing ends

of the net-height and the towing speed
of D net used by the Danish seiner
(D1, D2).

11m, 21m, 42m, 56m : Interval between
the wing ends

2.5/ 9 bR ECET AL, BXOEBETRIFELL DL, B—EECES @258 b,

DM TR OMEMBOBETLEKTHS. HEX 0.5/ v FEBCRY LIHEORIE
wonTit Fig. 42 R, WThoelifRoBRE T EEOH NN LT3, Bib
0.5~1.0/ v M TIEZDOWAMEL1.0~1.7m T 523 1.5~2.0/ v b T0.3~1.2m, 2.5~3.0/
vy FTO0~0.6m LEDTIIWVHEERL:. ZOHRSIPEOFRFIN2E /v MEETE LW
ThowmEEEOHETIR—BETES Z L2 RLTWE. BEFICRT 52—% 5 RERML
e (1979)” OMETHMITEN T3 X 5 it Rin b RIFEHE L iR e T80T
3. 5.1.3 THlR~XIcv — 5 — I L 2RERKR L Fig. 19 0%k L OAEROERBICRIT 5 &8
FEROBEERNOBETC ST 2ROFRE X L HE L OBFREXIRT 5 & Fig. 48 KWRT LS
TREHAR R <. FioRERIC T 2 R, MRS L OO P RE S ORRHIMZAE L Table
24 CRT L5 THD. HbEEREOLE 6m b clOFREJIXRERLER S HEOHCE
BETLT3 1m kinh, TOKRMET (R@FM204) 2TOMC3 1m2:52.3m ¥ T
BT 2. BEMAER MAEHRBISIEEREREE DITRWA EEREIE L 75 fcdbi@ahR
BIRABCETLT 20m 2R{. £0% @EEXETHEL La0h LTI gucix
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Fig. 43. Change of the height of the net-mouth in accordance
with the lapse of time of D net used by the Danish
seiner (D1, D2).

Table 24. Change of elements in accordance with the lapse of time
in the towing and hauling operations of D net used by the
Danish seiner (D1, D2).

T~ - Item | Lapsed time | Towing Interval* Height of Projective Resistance
: area of
Operation speed of net net-mouth net-mouth of net
of net \ (minute) (knot) (m) (m) (m?) (kg)
5.0 0.70 63 3.1 150 270
Net-towing 5.0 0.84 63 2.8 140 330
5.0 1.04 63 2.5 128 390
5.0 1.24 61 2.3 116 460
3.7 1.66 58 2.0 95 640
3.7 1.71 53 2.1 90 650
3.7 1.75 46 2.2 82 630
Rope-hauling 3.7 1.84 39 2.7 76 630
3.6 1.84 26 3.4 64 620
3.6 1.84 18 4.0 52 600
6.0 1.94 7 4.8 28 . 570
8.0 2.00 — — — —

Interval*: Interval between the wing ends

F 2 @ORREIIHREGnh, BHEFHK209T40m, 309K T4L8mITETS.

2) MIichhBifkiER

EhL L EE L OB Fig. 4 TR T LI WThoklRoBabRE2.0/ v b &L T
3 200EMTEDLING X5 Ths. —REER L L CHEHROACEENIKTS 358,
11 m DFERE  HOMMEMBOBEIE VI ARE REX L, EIEO WAL Fig. 44 £ v1.0
/v FT0.26~0.33 +, 220/ 9 FTCO0.7~0.9+>, 3.0/ v FTL2~1.4 b ¥ CEHAZINT
NH0.5F v &L 2 Lidin. HOLER (R) L3E (V) olFEeERbTEERN R=KV"
HBEELS /v P EOFEDOKE, n fExRD B L Table 25 R$ X 5 T il wThokhst
HFROBATHES L5 IEWMEEL 5. L LeHFROBR S A 56 m DFEd n B 1.65 L &
HoAE B S D OBLDEERRIPINZ LRE L BB,

BEAC S 2 EFEIT Fig. 44 3 Xt Table 24 1oRk3 X 5 & BB L - T BRI
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Table 25.

Values of k and n in the equation about the resistance
of the D net to the running water.

ftom—— nterval® 11m 21m 42m 56m
2569 251 280 260
n 1.40 1.49 1.47 1.65
Interval*: Interval between the wing ends
/
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2
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/ A—A B6m » e
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Fig. 44. Relationship between the resistance Fig. 45. Change of the resistance of the net

and the towinng speed of D net used
by the Danish seiner (D1, D2).

11m, 21m, 42m, 56m : Interval between
the wing ends

in accordance with the lapse of time

of D net used by the Danish seiner
(D1, D2).

#6335, Fig. 46 X ZOELDREERLIcH DT, BEEABHE 5 T210kg L35, F0%
WML TRAETRCIL 460 kg X702, HRACH 3 LEFMETIHEL, 640kg cET 5.

DR, HMEHFROMICTHE - TEOOREERIBI T 5 O EFEIFR L, RiEME% 30
PIILB70kg #RT. Tods & QBT E LTy b CCHAILCHELDBRE LI D
T, REOEZEH L LTIz 0f, ERER IS LEBERL OBEN, R, 5 TAEN
EMz i binv, & TRESECOWTOLRERLBITL .

@ WA r R

—% 5 RERFEOZAWEIEHERNAL, 2F0BERCNT 2 ElgnkEwocHOBR
CRENMFELE2DDDLELOhE. CO=ZAEOEEMECS % 38T Fig. 46 wR¥ X5
2, —RICEOOERIEEOE Y, 1 MilROEVIEERTHS. L LIEAET
52 bRB3MACKECTIE, ZAREC X 2800 GHEANDOEESRNRE L\ e, @OKEREO
ZBRKTHY, FlwihRORHEIEMROEVEE L ) ZABOIEMET 2 K835 5.
ZOX)IEEIFEETIRLS /vy FET, FhHERETIR6m, 42m e onTHEFCSLLD
N3, L5/ y PRLECRS EEOMEROZMMIIIE RS b, HMieHEs6m, 42m o
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BED L ST LASESRVEE S5, ChHOPOMEROSHEC KT 2 EHL 1.0/ v
NG 60~123m?, 2.0/ v FC35~90m? 3.0/ vy MT27~85m? Th3. BEHRFRETIIT 2
wOsERELY Fig. 47 R X 5 SEEEL D 5 22 E TOTFHMR 150 m? TRHIEL, LOR
B D EEICRE - CTHERITRD LS ERR% 10 9T 140m?, BB THRTI1I6m® Liss. HRAIC
o TEREECRA LTS m? Lich, HBEKEHR104 T82m?, 2044 T52m®, 30 5%
T28m? LT .

~
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Fig. 46. Relationship between the projective area of the net-
mouth and the towing speed of D net used by the
Danish seiner (D1, D2).
11m, 21m, 42m, 56m: Interval between the wing ends
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Fig. 47. Change of the projective area of Fig. 48. Relationship between the filtering
the net-mouth in accordance with volume of the towing net and the
the lapse of time of D net used by towing speed of D net used by the
the Danish seiner (D1, D2). Danish seiner (D1, D2).

11m, 21m, 42m, 56m: Interval be-
tween the wing ends
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@ BERBAHE

REMEERIL Fig. 48 IWRITRICWThOMEMBEOSHE T b BIEIc o TRIML TR 0, Feli
REBOLCERRIATSHS. FThOMEMREOBE TS 1.0~L5 /v b L LCAM
DEMENTNENRRILBMEEIB Y, 1.5/ » MBLETIE HERFEO L EARO BInRsAT
H5. Lo LHSHEOK 11m & 21m OHATEIE LEE TV, SHEC KT 2 EROMK
HiX1.0/ v b T (110~230) X10°’m? 2.0 / » T (130~330) X10°m®, 3.0 / » MG (150~470)
X10'm® k785, BEERBRGICET 2 REEEERT, Fig. 47 R U I-BONER OB 0%
WIS RALERR & Melh, Bl X - CEEh 2 @A RELUCEHL, 183X10°m® X\~ 5 {ER
B

b) 1965 & & i@

(1) MWMOfRFE

HEEDHHICHE S MO FRE S DL Fig. 49 ©RT L 5 ©HE ORIt - TR L, 2.0
~2.5 7y PR B L THIOBRDRI/AN LD, B—EECES @@L bt &EREC
B 2 HSIIHERBORE—RICE 2, e m L 42m OBED L5128 /v ML
ERBEAEA—FILI> T BHEbH3. ZCTHER 0.5 /v FECES LI BE0E
DBEIECONTRIT 2 &, Fig 50 WRT L5, WFROMEMREOHET b EHE DR E
Nelg>Tw3. BB 0.5~1.0 ./ v b CIXEDRAMEL 1.5~1.6m, 1.5~2.0 / » G 0.4~0.7
m, 2.5~3.0/ 9 FT0.2~0.7m, 3.5~4.0/ v }TO0.1~0.3m T/ X MEICFES TP
. BHSEHRCET 2ESOFEMIX10/y 1 T3.2~6.9m, 20/ y FC24~5.0m, 3.0/
» PTL9~3.6m, 4.0/ 9 FTCL6~29m Lk, FEHRMRIBIC IS 25 X% 1963 4EAI4E »
F—3tHETR®D % &, Fig. 51, Table 26 <R3 X 5 C 1963 A8 L B FEIRE 2 Liliias » 3.
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Fig. 49. Relationship between the height of the net-mouth
and the towing speed of D net used by the Danish
seiner (D3~D11).
11m, 21m, 42m, 56m: Interval between the wing ends
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Fig. 50. Relationship between the reduction of the net-height
and the towing speed of D net used by the Danish
seiner (D3~D11).
11m, 21m, 42m, 56m : Interval between the wing ends
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EIH#UEIRRE T 10 m & - 7o 80 AR S I L ERAMA1£ 5 9T 3.8 m, 10 94T 3.5m & ARICE
TL, Z0OKREKRT (RIBEFMI2049) FCTOMIC3.5m 75 2.8m cETT2. SEEHBERS
HRERFROK E DIX X ERLNARA, WHENHL L E1H, FOEBIFAKCETL 2.6m
BRY. XK BEBEIETHE L 7R3 o3RI SIS E 2 O T O PR XLl <
b, BEBA%200T44m, 3044 C5.2m IcET 3.

@) #BIchih3 kB

MO 2EH L HFE L OBIfMYL Fig. 52 WRTED TH 223, 2FMLERE LT, WihoMskt
HROBETH 1.6 /v M aiL L CEMRARCHNT 3. #HAMBOEKC & 2 EHHEOZR
HEHFREOK N 11m, 21 m OFAIRIF LA EED bhic 2, FAREOEG 42m, 56 m 0%
I ) OENED OIS, FHREC KT 2 EHEOEML 1.0 /v b T 0.35~0.7 b, 2.0/
vy FTO0.85~1L.5F ¥, 3.0 /v FTCL45~2.7 bv rind. EHME (R) LEE (V) r0MEY

E

<8 e

340 S

E, ~—. e

J- \‘\_._,./
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Fig. 51. Change of the height of the net-mouth in accordance
with the lapse of time of D net used by the Danish
seiner (D3~D11).

Table 26. Change of elements in accordance with the lapse of time
in the towing and hauling operations of D net used by
the Danish seiner (D3~D11).

T . Item | Lapsed time | Towing Interval¥ Height of Projective Resistance
area of
Operation speed of net net-mouth net-mouth of net
of net \ (menute) (knot) (m) (m) (m?) kg
5.0 0.70 63 3.8 192 670
Net-towing 5.0 0.84 63 3.5 176 760
5.0 1.04 63 3.1 156 920
5.0 1.24 61 2.8 144 1040
3.7 1.66 58 2.6 120 1340
3.7 1.71 53 2.7 114 1330
3.7 1.75 46 2.9 102 1220
Rope-hauling 3.7 1.84 39 3.2 90 1200
3.6 1.84 26 3.9 70 1000
3.6 1.84 18 4.4 58 960
6.0 1.94 7 5.2 32 920
8.0 2.00 — — — —

Interval*: Interval between the wing ends
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FhHTERN R=KV" 5516/ vy tBLEOKfHE, n xR 35 L, Table 27 @RT L5 n &
T L5ECWER & D, HEORECHE) WY ORLAIRh REWZ LAEL LIS,
EEREREC R 5 EHEE Fig. 53 Wik 5 CREMA%RS 2 T670kg L7858, ZoOR
BNL, BAS&TRICIE1,040kg Lics. BECH 2 LEFMMEITIHL, 1,340kg wETS. £
D% b HERRRE L R EL TR T 20 CTERELES L, HEFMBRT 9505 15 3Chi)
T 1,200~1,330kg 27534, FOHIRD Lk, HBiEEKE 30 ML 920kg L705.

@ W 0o r K

WOBRCEEREY 5% 2 = AEOERIT 1963 FERHE & FABMCHEE OB WS, FcttiEo
FniEkE <, WOMERIIATHS. Fig. 54 (IBONTERE L HE L 0BRER LI O THE

( ton )

o
(%]
c
o
(]
‘«
o
o
/'—"\_\
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0.2 o—o42 m . -
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5 m § 500-
]
‘«n
1 1 | I N | &
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Towing speed ( knot) n%‘l ( rrll'iewte ) %
Fig. 52. Relationship between the resistance Fig. 53. Change of the resistance of the net
and the towing speed of D net used in accordance with the lapse of time
by the Danish seiner (D3~D11). of D net used by the Danish seiner
11m, 21m, 42m, 56m : Interval between (D3~D11).

the wing ends

Table 27. Values of k and n in the equation about the resistance
of the D net to the running water.

~~~~~~~~ —_Interval*

Ttem — 11m 21m 42m 56m
629 436 568 647
n 1.27 1.39 1.56 1.53

Interval®*: Interval between the wing ends
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2M1L5 /v MSETIRMESERROARKE X » TROMEROZ(Lc k& nENL 5. BIbimsuiE
DIFNHEREABC L 5 FOOEABENOLIPEHRL D & FFORGENNEL5OTHOF IO
Bonibic, DI @BOMEROLENI . AR A WHEXZ AR OB I 3F
FORBEALD FX5-0@OFIREL k- TEAKMEROEAKL LS. HENLE /v b
X0 LB L, WThoMEMROBE SEROBI DL, RN K > 11m ©
BER BV, ZEECHT S BOMEEOHEMAIL 1.0 / v +T 50~150m? 2.0/ v T
37~110m?, 3.0 / vy FT30~96m? k75 - T\ 5. SEHRMREICIT 5 MOMERL Fig. 55
TR L 5 TR EREED D 5 ANED TN 192 m? THRBIAL, LOREMOBEICHE - CTHEBILR
AL, BHEEE%R 104 T 176 m?, BEKRTE 144m? L. HBEcRv - CTERERED 1120
m? r7ch, 10 97%ic 102 m?, 20 9% 58 m?, 30 4rf%ic 32 m* L iF T 5.

@) BmMRBEMR

BAEA AT & RAEHE L OB Fig. 56 W RTHEDH TH 5. HERIThowmrifEoE
ATHEEDOWIMCAE - THML Tk b, HEHBOLRCEERIKRTSHS. FEHOMIMRIT
WEROMEHROBETH 1.5~2.0 / » baBir UTEL BN , KCHEHEo
11m, 2lm OHEL2.0/ v PP BT/ 3 LEACTEML TWBITE . #HERREOR b IA
56 m DFEIL2.0~2.8 / v MTHFTEICHEMBILELS 054, TOMOEETIIIZLALMHE
UEmBCARIEML T\ 3. EESERECT 52 RBMAEEHE, Fig. 55 TRENEQ
MRS DO LERR2 B 234X 10°m® X\~ 5 [HE B .

5 2. 4 % =

FESEOMEIEERL - & 5 CERMEC & - TRE,NS b, B, BHEE 278 7%t
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Fig. 54. Relationship between the projective Fig. 55. Change of the projective area of
area of the net-mouth and the towing the net-mouth in accordance with
speed of D net used by the Danish the lapse of time of D net used by
seiner (D3~D11). the Danish seiner (D3~D11).

11m, 21m, 42m, 56m: Interval between
the wing ends
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Fig. 56. Relationship between the filtering volume of the
towing net and the towing speed of D net used by the
Danish seiner (D3~D11).
11m, 21m, 42m, 56m : Interval between the wing ends

b 62m OFEICIIVZHED S OTEEUITIE LA LETRV. LALEHOEI@BIC L -
TRHELOERBHONDE L5 ThH3. BEEECHTZFHEE WHEE SEREOHER, b
B — LB TUY. 86. 4~88.0 %, 51.8~52.7 %, 47.3~48.2% (Fig. 22, 23), —% 5 RESETIT
106.9 %, 43.5%, 56.5% (Fig. 34), —% 5 RERPTIL 103.5~109.9 %, 42.1~43.8 %,
56.2~57.9 % (Fig. 40) r7cbh, b r— @R MOMECEL TR D@L,  HiE,
EERETR > T2 A EED bivle.  fEHEEICOWTUL + = — VR = AL e 5
SMEECHEATAIE6 KEERTHLEDENLT, %5 REREIIEEO=AREH ML 1o
4 SR, —2 ) RERPEIEZEOFHMNEED LD Lo T3, BRIT—% 5 BEREN
OB L V22 BL THVWVEDLDRFALTWA. BRFHAOEEL r —8, =% 5 RES
AR FC T A Y —r—TBMEAL, FFOIRHE L r v —Vil: 355.8kg (Table 12, 14),
Zx5RERM: 335.3kg (Table 18) (/v ke LT3 L, —% 5 BRERBIIEFH
Cw=7r—78I7verrn—7%FHAL, BFOIRENE 66.4kg 5L F 58.9kg (Table
21, 23) LLTEH, MELCLBL THEXFOBENTIZNCERICL TMIBETHS. T
HOBE S FFHO FHE L BRROEmNSLY, tr—il, ZZ5RERERETFHECY 4 v—
r—7%EHL, ILFOLHERD = —8: 578kg (Table 12, 14), —% 5 %S 360.8
kg (Table 18) ¢ LT3 DikHl, —Z)RERFECXLFHC <= r —TBIP7v=EF
r— 7% HERAL, thFOLEFERYD 68.95kg f5 L1t 48.8kg (Table 21, 23) LATESICHEL
TEENCERTHS. o TROZETII3ZLIERLE VRSO LAV, EROET—%
S BERERIIHACBWVEEOLORHEHLTWEZ LIRS, 05 /B TCENRENIEE
EREBEDONEH, ThbHORE EORENRERBERNOATED X 5 TF#MST b 5,
DTEEOWORRES, ®MABRK, #ER, REEEERC OV THEBRIE L TAHB.

@ WRhRFE

BREOWO PR JILEE L HEMREC X - TENTRER 2, WTFhoMEHBOBETD
2.0~2.5 /vy FETIRZZ 5 BEREIHELEL, 2.5 /9 PUETCE be - @R RELIEFEL K-
T3, Bl THERRE 4O m OFED FEBCKT2EZE, re—fl (34 F br—LiE)
721.0/y b: 46m, 220/ +:3.8m, 3.0/ v +:3.4m, 40/ +:3.1m (Fig. 24), =
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5 EEMENRL0/y +: 7.8m, 20/ +:50m, 3.0/ +: 3.3m (Fig. 35), —% 55
R (1965 4E%IM) 2 1.0 /v +: 42m, 20/ +:3.0m, 3.0/9 b:2.4m, 40/ v
b:1.9m (Fig. 49) 270, MEOHRE S OHBECH 5 BILORHE BT OVTHIRT 2 &,
b e — VRTINS > THEOBRDEITEBEOE W,  FoMtlEoR W ERTH 328,
HIEERROE AL 2.0 / v MBETHIOBMEI/ N Lirh, FIX—EECES EHmRh
% (Fig. 25). =% 5 EREL SR\ - THEOHIMCAE D B OBMIMENKTH D, #Hit
ffEOHK\ 11 m, 21 m OHBA T OEENREETH 5. RO K LA 53 m OFETH
2.5~3.0 /v MBI AEIDOBIEMNR0TmM T, 3.0/ vy bR EDEE TNV ETTELS
Th5 (Fig. 36). —% 5 RERMIFEEOHHICAL S BIOWMENTR DI,  Fickhfkrira
DEN42m, 56 m OFAFIX2.5 /v P TRMETED T e e h, FITE—EECED R
Liss (Fig. 50). =Dk 5 &L bHEEOEUC M) FI ORI TR LB Zbh 5D
1, BFOREN L EMEERESETHEEL TV eHLELbhs. b, BFFoRSEhdvkE
{EoTWAF 5 BESBIHFEDOBNGEE, WHEZT 2 LIC L - TET 3B OIEES
LD {BFFORBINRKL 2 -DWOAFIXEL 52, 3.0/ vy PRI ECET 2 L EOME
OEMEREAME L v D7enic®d, +rer—rBO LS CEIERO KT, FIXETTS
LB, be—iBRE AR OEEAARE , HELXZRXD 2 LRARCHE2E, FRolOhE
BEALTEIRETT302.0 /v rBILECET 2, ZABEHIC X 2 BRI FORES
b B, BXOBETIXFLALBDORRVIREEL LS. —% )5 REREXFEFEI DI
b D ICEAMSEOBHEREAACOTHEOE I EhOLEC L > TUTLALEE 2D LE L
Sh3. o TEBOEIREEOHINC L - TSR EET LicwA, EFERDIRVIcHifEL b
BIEVIDOLE > T3, HEO FEHRERE RT3 BOhREIJX re—i (FAF b
Bl IR Y b — i) 233.8mBL3.9m, L5 RERMEN 3.5m, —FHBRE
B8 (1963 FE ALY L 071965 FEHIME) 2B ~HELE L T2.0~4.8m F LV 2.6~5.2m DO
BCERFNEATE. b AU REFEED RREBO@L kT2 L, rr—rETIR
1959 ZEDE L « /b« IR (1959)% DEBRIC LAUTEORREIL 2.7~8.1m THbY, L5 %
EERETIE 1961 E0A O (1961)* L, ®MEI=ZARYAWWEai2m, —% 5 BESRE
T 1959 D ZESE (1959)"1C Ty, BB S 5 R LRBKT 2 COMIC 1.8~3.5m, A
B2 Tm OFEIXRL, WTRbARROBREOHEL Y I1m WIMEL e->TWw3. ZD L)
CEARE CeEHE LU, AROBRHEOHES, HEhoBEamlicy, ZAEBEHRAL
TR OBEPEBEYHREL, FIHEACHBEOBRCARMHEOLOEXFEALLY LTHOFEZD
EREH S DEEL BN B.

am #®| m b

EFHMBRIEOERIT, ZARBOEMEBROLVEEOMEOBARNDIENR ) REFETH
3. Hid b — VR L TR D BAECEORESEREL, KT, —% 5 BEREOINE
HRPIKRTHS. fIFL Y RIBOERIL, BFFEOZ WX RERMEAEOPRPBTCLEACE
HUELR22%, 2.0 /v FRLERRS & BEESA e ), RHM@L FREF R T
FOEHIEMCIEEIT LS. tr— @ —%2 ) RESETE = A8R AR #3250
T, ZEFIRERPECRON 3 BOFREO_ EHEHEMILL, 2 UTRHM@ER» L HEp
RIEZ T CTEEICFITT, LR ERERL TV 5.
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(m) #Bichvm B FRIKIEH
ESEomKEN (B LiE (V) LoBRII—KcTRTLE2L bR 5.

R= %c, oS (2(dx D)m X p) sind) V™
—KV"

TG, BHRE, o WMEEE, 4d: @R0OER 1 1HOREX, m: #BEK p: MEK
0: ihiew32@OAELRT. 1 K MEROKE, BAE MEEE, W@tofgEic
S TEES WAIERTHY, n OEIERIY B FECL > TELATE2C S LW ERX L 3
A%, EERCE, —ICEEORIMC M- THEOE JIET L CEOMERIRS L, Fiithiey
U CHFTeBOMER S HEC L - TRLAEILT 20T 2 L b §DWERTRT. #-T n OfEA
PNEMEER L TR, HEOKMCAES R, Bb@Ok LOHEEROBIRIKTHLE L5 &
LAHRD. ZZTHEBO n Offy T35, be—A@RED KT, VA4 Fbr—LET
1.85~1.99, A# ¥ br—fBT 1.66~1.98 78 h, KT, =% 5HRESMEAMRL33~1.52, —%
5 B EE AN 1963 ERIKE T 1. 40~1. 65, 1965 £ EIMET 1.27~1.56 7> T\ 3. Fr—LED
n OERBES K TH2 0, HEOKIMCAE S EOO RETIRD B FH PR\ WiedTHY, n
DIE X - Th 6 BAEEEOMER b ORtkd M5 & LK S. MEOBARERCK T 28O0
BEEROBENR EL D ED FELZTT n OFEN BRI WEEZRLTWSE D LEL
b3, FEREREBCET 2 SEOEFMEL N — V827 by B IO42 by, ZF5HE
BiE2R2.2 by, —Z ) RERENEE HBEELECT0.27~0.65 + YR L0T0.67~1.34 F> &
3. Fton OEX bR —AfEA1.89 & 1.98, % 5 RSN 1.45Th B,

I HOEEZFI CRBFEORERIOME L kT3 &, +e—VETEELS (1959) (3.2. 9~
4.0 by, ZFFRERSETCIAD Q961 234.9 by, —F 5 BESMETITIIESE (1959)" A%
0.6 F¥ 2 \WIEEABTEY, JBLREFLEBIBDONh o7 FRTHTFCEREOH AT
AROEY, WORRFIRRERMOBOF ALK 1L.0m BVERLB TR Y, LARMICEER
BT RETH B, 0 L) CEHECER VDI, AROBERERERICHR 2 BFED
b0k FAL TS BREED T3 BHN DR o7cbDL 2R3, n OET
i, sl (1962)%7 1 X B L RERBOMETIE, br—AiER1.45, —FSHESETLIT LW
BB TR, FROBHEOHE L EL ZOERRR > TS, ZHIX/MUDERE -To b v —
A% 2 BENE, —7 5 BEREN 4 EEERT, BRIV Thi <=5 74 v EBALTWS
LI Ahb, MAFREIOHELAKC, HHORE, HROMEENZDLS hEREE LD
FR:EZEZbNRS. REFRRTIIMOTKENZRET 2L LT,  BAEY EVKEOMEC
BE, THEHREEZLCTCRARACH»IENEFRUELICOT, FHREOLEH L LT, o, &
B L O L VBEE & OBEIEN, SMCHrBWMAER, rr—A@ETEERC 0. B T
BRAKEME ML Ui bisvas, & 2 CREREO FABRC DWTORBITFLIcd DT
3.

Av) #@ 0 B &\ &

MR L TEATROOKYER, SOk ERIEEEORINC - TRIT 528, FOE
B, 20/ y PETIXZFSRERENR, 209 b UETE e —A@8R ZREFNBELATH
5. 2 RERMOREHRECHTIHEROBIRIL, WThOBEDOHPETHLATH S,
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FE— LIRS L5 /v PELERR B LR B RE. —2 5 RERHEOLNE2.0 /v b
RS D, 2.8/ 9 P TRIF I BERPE L VFEERIKL->TW3. BHRBOBEHRE
REEC R 2EONERIT, te—2E (FAF e —AERL0R S Y br—if) A3 103m? ¥s
XOY106 m?, —F 5 RERME 118 m’, —% 5 HERE (1963 £ALHE s L0 1965 F£AUE) H3RAE,
$48% 358 U T 150~28 m? 35 J 0 192~32 m? DN TELT 5.

V) BERBAE

— B HEEROAVERRIIATEH 30, BECAROEILORBIC OV TERENRF DA
BRBLE53ThHB. EFTrr—LETE YA F e —il% FliCk 5 Th D & RIFEHEE OB A
S TERITARL, el 40m 0He, 1.0/ v FT320X10°m* Th 543, 4.0/ v PBLEK
15 800x10°m?® Linh, EU REOMBORHE LY BRI ATLHZ (Fig. 28). WK% )5
HESETILE /v VT ETIRART 225, FhULEIEEL, 2.5 /v bEB EWTHO
HERFROBETHI—FD LI T2 EaRA DN S, #EHE 4m 0FE, 1.0/ v b
400%10°m?, 1.5 /v k: 500%10°m? 2.0 ./ v b: 540x10°m? 2.5/ v b: 546X10°m® Ch 3
R3O0y P CIL540X10°m® 75 h, 3.0/ v FDFBEIX2.5 /v FOFEFLVBIL TS, &
ForhbeffE 53 m & 4 m L TiX, WThOREBEREDCHETD MIEOEMMN heit->THD, &
DOREDOYEE L 7e > T % (Fig. 39). —% 5 RERMETI 1965 ERFERFIC & > TH 5 L Hhsiifm
DI HETRFEEE ML T S EERIEML R\, RO AW G REHEE O
BEICA 5 T b v — L EOFRE L EFCARL TW5 EAR 2 bh 3. HHEMEOR DAV 56 m
DFAL2.6 /v F FEETEIC RO — 2 5BERBEL Y BRI KE7eh, 40/ » T 670X
10°m® 125ET 5. L CHEERLEE L OBFE R THINE, e —VEOHER EMNRITS
BOEHLTTE 5 BERMTIL2 0~2.5 / v F CEMIBRM LD, FHBILEDOEE TIiskih
CETHS LA EOER LD, Fle—F 5 RERMIESE O R8s Rt e Rl T 5.
ZBOFPERIRECH T 2RERAEHI te— (FAF e — VR ITRSIY b r—
) A515X10°m?® s L OF 667X10°m?, =% 5 BERMEA546X10°m?, —% 5 RERE (1963 F
AT X 01965 £ERI4E) A3HE, HEAE L TI83X10°m? k5 Lot 223X10°m?® rin5. FoisHiH
R, BORRE IR IO RERAARIBC BRLUIER (1966)* LRir-Tw5s. Zh
RO BETEROVENE S LU0 BMBEROHEDORGEE L IR 5 EL -7t DT,
AROFBRIFCHEZLLER LI VERBOERC I VEVWIDLEZ BILS.

5. 3 dLi¥ERMOREHRE

5.3 1 RAEHE0CESR

YaHEMERE L (T HE T 2 RS G T 0RO 12 HEH CHMNC L L TED b 5 R
LB iEr S, FRMCIIRBOWEN, EWOEFEOFL W LRARES. BlROR
MR T 2 A, B, MBS, S£ATONS, FHER REOREFOARNE
HBREHTH Y, RO ERATEZ LBRETHZ20T, RBOBRELLTHLbNICHE
REHY D RER LY DICHET 2 2 L 3% <L, TOBSERTIHEC EROMEL D ARNER %
LD BFTRILTW3 (1963)%0. WEDHA S BB HY Y RERE DT RIEkRED B E L
T BA (1962)%, BTN 3 L REL DL TREBEELXR U T2 0L, BRERX
WEABELTE LN, —RCHREOYENERS I UCRBEERLMBITL T3, HLA
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MR REO—MLLERBERT 258545525 ZOHARIECIFLIL e HEIC & - TR
WLTW3.

EREREOZENRBHAEDIEE LTl HY ) AEES 1 848 ) RGRS BT 32,
REEBET2REOFE, BEOZOER, HLREOHE L ZoWEtR, B Bl
BN R JOREORBBMOEID & L b, BBOEYHSME HCABEELE—L 2R LT
B B1H%  ORIERERL T3 (1957, 5T, FA—HAETHRGNRRLE L, RED
Rutsty, BIbAR, EH RE B L LY, ARO4EBRE AEER E4ERSO4
YiE9, ERBERMENRE > T B30T, LRKCEFD 1 REY ) AERICEVE U, HBIEEAL)
H DEEDL B E0 FIMELTEETAMELLE. LHLBEOESERED L 51, nl,
BREICTHIL ) DEDB 5 HRMD, HEOREC L - T, FhENEML AT 2 RELFALT
BETB LB ETE, ThEFhORED LARRROAHEREZE—CERD XS = L IiTHER -
T, HROLICHED L RRMOB HER L — L 2l U CREBEREY T 2 53 4R
IERHZEEER LICEL LR, T TARTRBEROESMEREC I v HIL R pE kit
HAEEYEEHTIDEOEBERD L 5 CEH L.

—DDIERAED R IO Hilk = $ﬁ§%§F§ %éggff%%%

CCTESABEOAHER LY, ZOFENS JOLEHAERYIETIOTH S, T FEEH
HEYAROREHROR AL L TERSEO—ETH 2 RMAISEE L2 R C2EH, bR
MEHE (Sweeping area of the towing rope), VGHHHEYABYEBEAMILIRELT
3 ERMEL BE by BARMC KT % AR Bl BARM kg 2 BEREAR (Filtering
volume of the towing net) LfBIRT2Z Lk Lic. #ICRMEORMIEEOIBIT ISR 2 =i
ORILERT R LA BARMIMILERY » %BE (Catch per sweeping area of the towing
rope, BEFiE C.P.S. A, L 3), ERBOREHEDHKIABEYESEOHMESH TR L
B REEAETEY v R (Catch per filtering volume of the towing net, B&F5% C. P.
F.V. :$2) t&bZh3.

COXSELTHRLNZRBEHEOCIIIL, RCRNICRBLER T 2 L ErHERYESED
RTHERTRENCEDLLTW230LE2bh3. HLAEA—RE dLIEBELLERSTY
RIZOBEFHIRLT L E—Tin, RCAREEIRBOLKCE > TH—TH\DT,
B h ORBOET 2 & Likfihin. o TREEECERLITOL2ETELNZ DT,

ERUC TR BRIV FARES. LA LESHEL dRAENE—CchE, K,
REREHFPEBIL T 120N ) REBR & REMEDOHREL I ED HEBERICL - LN EL bR
DT, FWTIHEBORRELRTERROBIRL D, BROCEROERMORBEEDBEL L ¥
BT B LAHRD LE AR TRRT S LT 5.

5. 3. 2 BEHEREDEAX

WIBHRE D HI A 1T 70 - e ESREOEEIT 5.1 35 L 0°5. 2 TR R<1e, Bfd LOESEOY
HRMREER S L XERAOICHET LI b e — L, —F5HESERSI0—F > SESETH
5. ThHOERBIThENERMOBARERT BECHA-Lhicd 0T, Table 28~32 ic%
NTZho #EERL C.P.S.A 55X C.P.F.V. #RL%. 2hbng Table i R L IER
19634F, 19654F, 19674EM 3 HEMICEYD, ~—) ¥ VBRI AREMS X O F OEMRS CHREL
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Table 28. Catching efficiency of T net calculated from the result of
the catch by the side trawler (T1, T2).
\ Item Catch per | Catch per | Mean valueMean value Mean value
. unit of unit of of catch |of sweeping of filtering
. effort by | effort by |per unit of |area of the| C.P.S. A. |volume of | C.P.F.V.
. T1 T2 - effort towing rope the net per
Date N per towing towing
a \ (ton) (ton) (ton) (10'm2) | (kg/104m2) | (10°m3) | (kg/103m3)
1967, Apr. 19 19.6 23.6 21.6 354.1 41.9
23 4.7 10.8 7.8 127.9 15.1
24 17.6 16.8 17.2 291.8 33.4
25 20.4 17.3 18.9 309.8 36.7
26 14.6 14.2 14.4 236.1 28.0
May 1 17.4 16.0 16.7 273.8 32.4
2 19.2 15.4 17.3 283.6 33.6
3 9.5 15.0 12.3 201.6 23.9
4 13.8 12.8 138.1 214.8 25.4
5 16.3 8.0 12.2 200.0 23.7
6 13.1 11.7 12.4 203.3 24.1
9 9.2 14.4 11.8 193.4 22.9
10 13.9 13.4 13.7 224.6 26.6
11 10.3 18.9 14.6 239.3 28.3
12 15.9 11.5 18.7 224.6 26.6
16 13.3 28.9 21.1 345.9 41.0
17 15.6 12.6 14.1 231.0 27.4
18 10.1 23.7 16.9 277.0 32.8
19 26.5 28.4 27.5 450.8 53.4
20 11.6 11.1 11.4 186.9 22.1
23 15.2 16.7 16.0 262.3 31.1
24 17.5 22.9 20.2 331.1 39.2
27 6.4 4.8 5.6 91.8 10.9
28 7.8 11.7 9.8 160.7 19.0
29 11.6 11.4 11.5 61 188.5 515 22.3
30 4.1 5.2 4.7 77.0 9.1
31 12.7 11.0 11.9 195.1 23.1
Jun, 1 5.3 5.6 5.5 90.2 10.7
2 9.9 10.8 10.4 170.5 20.2
4 6.6 13.0 9.8 160.7 19.0
5 4.6 6.6 5.6 91.8 10.9
6 4.5 7.4 6.0 98.4 11.7
7 5.1 7.2 6.2 101.6 12.0
8 3.5 3.2 3.4 55.7 6.6
13 16.6 10.3 13.5 221.3 26.2
14 13.4 18.4 16.0 262.3 31.2
15 9.0 11.5 10.3 168.9 20.2
16 3.3 7.4 5.4 88.5 10.5
18 5.8 4.2 5.0 82.0 9.7
19 4.7 4.0 4.4 72.1 8.5
21 13.0 8.0 10.5 172.1 20.4
22 12.5 12.2 12.4 203.3 24.1
23 11.1 13.1 12.1 198.4 23.5
24 4.0 8.8 6.4 104.9 12.4
26 12.8 14.9 13.9 227.9 27.0
30 8.6 7.6 8.1 132.8 15.7
Jul, 1 13.3 18.7 16.0 262.3 31.1
3 26.4 10.6 18.5 303.3 35.9
4 12.0 16.4 14.2 232.8 27.6
6 21.0 17.4 19.2 314.8 37.3
7 24.0 17.1 20.6 337.7 40.0
13 20.8 11.3 16.1 263.9 31.3
14 12.7 19.4 16.1 263.9 31.3
18 5.8 1.7 3.8 62.3 7.4
19 13.2 11.4 12.3 201.6 23.9
20 14.8 19.6 17.2 282.6 33.4
C.P.S. A.: Catch per sweeping area of the towing rope
C.P.F.V.: Catch per filtering yolume of the towing net
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Table 29. Catching efficiency of T net calculated from the result
of the catch by the stern trawler (T3~T5). '
\ Ttem Catch per|Catch per|Catch per| Mean value(Mean value Mean value
\ unit of |unit of |unit of of catch |of sweeping] of filtering
AN effort by |effort by |effort by | per unit oflarea of the| C.P.S.A. |volume of | C.P.F.V.
T3 T4 TS effort towing rope the net per
Date per towing | (kg/ towing (kg/

(ton) (ton) (ton) (ton) (104m2) 104m?) | (103m3) 10°m3)

1967, Apr. 19 20.1 17.1 22.2 19.8 257.1 29.7

23 12.1 17.4 17.2 15.6 202.6 23.4

24 17.5 13.8 20.8 17.4 226.0 26.1

25 27.9 23.0 25.6 25.2 327.3 37.8

26 29.9 20.8 19.6 23.4 303.9 35.1

May 1 18.0 15.7 14.0 15.9 206.5 23.8

2 18.7 18.8 22.4 20.0 259.8 30.0

3 15.1 17.1 13.7 15.3 198.7 22.9

4 10.7 19.5 12.1 14.1 183.1 21.1

5 10.3 11.6 17.0 13.0 168.8 19.5

6 13.9 11.1 10.9 12.0 155.8 18.0

9 12.0 11.4 10.5 11.3 146.8 16.9

10 10.4 10.0 13.2 11.2 145.5 16.8

11 15.4 11.1 12.8 13.1 170.1 19.6

12 14.6 15.6 13.9 14.7 190.9 22.0

16 21.5 35.2 17.9 24.9 323.4 37.3

17 30.1 20. 3 26.3 25.6 332.5 38.4

18 15.6 25.5 18.6 19.9 258. 4 29.8

19 12.2 22.1 15.1 16.5 214.3 24.7

20 8.4 21.6 15.8 15.3 198.7 22.9

23 19.6 26.2 21.8 22.5 292.2 33.7

24 27.0 33.6 24.9 28.5 370.1 42.7

27 14.1 11.0 8.4 11.2 145.5 16.7

28 11.3 15.9 17.0 14.7 190.9 22.0

29 20.5 17.0 13.5 17.0 77 220.8 667 25.5

30 6.2 7.5 6.9 6.9 89.6 10.3

31 12.2 19.3 14.2 15.2 197.4 22.8

Jun. 1 10.6 10.4 10.5 10.5 136. 4 15.7

2 14.4 9.7 10.2 11.4 148.1 17.1

4 8.7 18.1 9.4 10.4 135.1 15.6

5 7.7 7.9 5.4 7.0 90.9 10.5

6 8.7 10.8 8.4 9.3 120.8 13.9

7 8.3 9.7 10.6 9.5 123.4 14.2

8 4.5 4.9 4.1 4.5 58.4 6.7

13 17.2 17.1 11.9 15.4 200.0 23.1

14 18.7 19.9 10.7 16.4 213.0 24.6

15 9.1 15.2 12.7 12.3 159.7 18.4

16 9.3 7.8 5.8 7.5 97.4 11.2

18 7.1 7.8 6.5 7.1 92.2 10.6

19 5.5 5.5 6.5 5.8 75.3 8.7

21 18.3 18.8 16.3 17.8 231.2 26.7

22 22.5 22.3 17.7 20.8 270.1 31.2

23 17.2 15.9 15.9 16.3 211.7 24.4

24 9.7 9.7 8.7 9.4 122.1 14.1

26 18.5 13.7 13.5 15.2 197.4 22.7

30 12.0 12.9 11.5 12.1 157.1 18.1

Jul, 1 17.4 12.8 18.3 16.2 210.4 24.3

3 10.5 10.6 19.3 13.5 175.3 20.2

4 17.4 28.0 13.6 19.7 255.9 29.5

6 24.8 25.2 18.8 22.9 297.4 34.3

7 18.1 16.0 18.2 17.4 226.0 26.1

13 63.8 33.1 41.9 46.3 601.3 69. 4

14 23.5 66.2 38.3 42.7 554.5 64.0

18 4.1 4.9 7.3 5.4 70.1 8.1

19 19.1 11.9 14.9 15.8 198.7 22.9

20 27.9 32.0 22.0 27.3 354.5 40.9

C.P.S. A.: Catch per sweeping area of the towing rope
C.P.F.V.: Catch per filtering volume of the towing net
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HEROEREBIT LI D THBH, 205 b JEAXFELCL Lich ik Table 28, 29
o T #d, Table 30, 31 © Bix D gD 1963 FERFDHETH > T, 2 THIMOBIERESD
R bHH LI OTH 5.

AR O D L Ly, Table 28~32 TRT L 51, STEMROBEADO 1IRMEYD
PR YRS, hE b 1rbBcgEREoRMRrEEckRL T C.P.S A 2HEHL,
BAORMEtREOIKE L, KTHEULK 188N ) FHRERY SE0 RigEas kL C.
P.F.V. #BHL, WOREMEREOHKE L. KRTIhbOHEEE S OWTHEL, BHRER
EHETD LN WEEE, FIETRRI-L51c, CCP.S.A -0t C.P.F. V. » 15@Ybh MK
B L oEFEOREN DB Ts oL L. ik CP.S A IO C.P.F. V. 3EAIE L
T1BRPBICHRERY, TORFORERELHHHIL cRERLEES XL OCREEAERETIRL T
HHTRETH 50, ERCIRPET 2 ECRERLEREL KD 2 DXEETHE2DOT, Tk
ZDOFEEE L TEN TR OREME Lic. HL DB (1965 FE8i@) o C.P.S. A, T 2oWTiks
WL EEY SRR CRER K0T, gEOREOWT C. P.S. A Kbl

Table 30. Catching efficiency of B net calculated from the result
of the catch by the bull trawler (B2, B3).

\ Ttem Catch | Catch | Total | Mean Mean Mean value Mean value
by B2 | by B3 catch | value of | value of |of sweeping]| of filtering
N y ¥ of B2 | catch | catch [|area of thel CP.S.A. |volume of |C.P.F.V.
N and B3| per boat | per towing rope| the net per o
Date N towing |per towing | (kg/ towing (kg/
\ (ton) | (ton) | (ton) (ton) (ton) (10*m?2) 104m?2) | (103m3) 103m3)
1963, Jun. 16| 22(8) | 29(8) | 51(16) 25.5 3.19 26.8 5.8
17| 18(8) | 25(8) | 43(16) 21.5 2.69 22.6 4.9
24| 13(4) | 18(4) | 31( ® 15.5 3.88 32.6 7.1
25| 17(8) | 20(8) | 37(16) 18.5 2.31 19.4 4.2
30| 26(8) | 28(8) | 54(16) 27.0 3.38 28.4 6.2
Jul, 1| 42(8) | 35(8) | 77(16) 38.5 4.81 40.4 8.8
2] 28(8) | 31(8) | 59(16) 29.5 3.69 31.0 6.8
3| 42(8) | 40(8) | 82(16) 41.0 5.13 43.1 9.4
41 48(8) | 51(8) | 99(16) 49.5 6.19 52.0 11.3
7| 23(8) | 19(8) | 42(16) 21.0 2.63 119 22.1 546 4.8
13| 50(8) | 54(7) | 104(15) 52.0 6.93 58.2 12.7
14| 75(7) | 71(7T) | 146(14) 73.0 10.43 87.6 19.1
Aug. 4| 30(7) | 23(7) | 53(14) 26.5 3.79 31.8 6.9
19| 59(7) | 54(7) | 113(14) 56.5 8.07 67.8 14.8
20| 32( | 39(T) | T1(1L) 35.5 5.07 42.6 9.3
21| 28(7) | 25(7) | 53(14) 26.5 3.79 31.8 6.9
Sep. 21| 19(5) | 36(5) | 55(10) 27.5 5.50 46.2 10.1
22| 31(T | 32(7) | 63(14) 31.5 4.50 37.8 8.2
24| 20C7) | 14D | 3414 17.0 2.43 20.4 4.5
25| 24(7) | 24(7) | 48(14) 24.0 3.43 28.8 6.3
Bracketed number show the number of the towing net.
C.P.S. A.: Catch per sweeping area of the towing rope
C.P.F.V.: Catch per filtering volume of the towing net
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5 3. 3 MEHAEDLERR

Table 28~32 X ) £ BERBORMIERLILET 2 L, Table 30~31 WRT L5, #H¥g
ZEFETC LicBiL DI (1963 E4U8E) ik, DAL HY b FEaME 23.9 v, 1548y
hIFERMEE3.36 + >, BIEIX1HY ) FERMERES349 by, 1REY) FHRERL5 >
70, BEAROCTROBBRENKLL>TWA. KiC 1965 FCfv-bivie D 8 (1965 £544@) D
WERESIE Table 32 1tk 2k, 1REYLDFHRERL 5.76 Y 2EL —% 5 RERMTLH S
1963 FRIMBL h K27t T3, 1967 I FAV-Hivie T 0 1 BEY b FERER X ¥4 F b
m—fBA12.5 by, RSV be—i@A16.2 by iinh, BERKLELSTWAE.

TR BRI Y BT OV THEET 5 &, Table 28~32 It " 4151 C.P.S. A skt
C.P.F. V. L d0ie ) ZOECEEH R A LIS, £ O LFR{E & THRMEIL Table 33 Wi X 5ic,
FPREORMBHAEDTERTSHS C.P.S. A O LIRETIE T @AMEOMW L DiX32:CKT, DiF
(19654E%44E), BiE, D#E (19634EZE) DIFIC/h&it-> Tk b, C.P.S. A. OTFRET D R
THERRATLUT B DROIRC/ LT3,

EREEEORBEREDKEKTHS C.P.F.V. 0 LRESWTIE, TH (R4 Y rr—iE)

Table 81. Catching efficiency of D net calculated from the result
of the catch by the Danish seiner (D1, D2).

\ Item Catch | Catch | Total | Mean Mean Mean value Mean value|
. by D1 | by D2 catch | value of | value of jof sweeping of filtering
N of D1 | catch catch area of the| C.P.S.A. |volume of |C.P.F.V.
. and D2| per boat | per towing rope the net per
Date A towing |per towing | (kg/ towing (kg/
\ (ton) | (ton) | (ton) (ton) (ton) (104m2) 104m2) | (103m3) 103m3)
1963, Jun. 16| 16.8(9)(18.6 (9)(35. 4(18) 17.7 1.97 19.3 10.8
17| 20. 2(8)[19. 2(10)(39. 4(18) 19.7 2.19 21.5 12.0
24| 6.7(3)| 8.4 (3)(15.1 (6) 7.6 2.51 24.6 13.7
25| 16.8(8)(16.8 (8)[33.6(16) 16.8 2.10 20.6 11.5
30| 25.8(8)|41.9 (8)}67.7(16) 33.9 4.23 41.5 23.1
Jul. 1] 26.9(7)|22.7 (8)}49.6(15) 24.8 3.31 32.5 18.1
2| 26.9(9)[37.1 (9)[64.0(18) 32.0 3.56 34.9 19.5
3| 30.3(8)44.3 (8)[74.6(16) 37.3 4.66 45.7 25.5
4| 20.2(8)40.7 (9)[60.9(17 30.5 3.58 35.1 19.6
7| 23.5(8)[34.7 (9[68.2(17) 29.1 3.42 102 33.5 183 18.7
13| 14.6(5)(22.7 (6)(37.3(11) 18.7 3.39 33.2 18.5
14| 25.8(6)(23.9 (6)[49.7(12) 24.9 4.14 40.6 22.6
Aug. 4| 28.0(7)(23.3 (7[51.3(14) 25.7 3.66 ' 35.9 20.0
19| 47.0(7)(35.9 (8)[82.9(15) 41.5 5.53 54.2 30.2
20| 43.7(7)|18.0 (4|61.7(11) 30.9 5.61 55.0 30.7
21| 42.6(8)(31.1 (8){73.7(16) 36.9 4.61 45.2 25.2
Sep. 21| 4.5(1)} 6.6 (D[11.1 (&) 5.6 2.22 21.8 12.1
22| 16.8(8)(23.9 (7)[40.7(15) 20.4 2.71 26.6 14.8
24| 11.2(7)19.2 (7)[30.4(14) 15.2 2.17 21.3 11.9
25| 6.7(7(10.8 (7H[17.5(14) 8.8 1.54 15.1 8.4
Figures in bracket show the number of the towing net.
C.P.S. A.: Catch per sweeping area of the towing rope
C.P.F.V.: Catch per filtering volume of the towing net
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Table 32.

Catching efficiency of D net calculated from the result
of the catch by the Danish seiner (D3~D11).

Item Sweeping area Mean value of
of the towing filtering volume
Date Catch rope per towing | C.P.S. A. | of the net per | C.P.F.V.
No. of towing
boat (ton) (102m*) (kg/10*m?) (103m3) (kg/103m3)
1965, May 27 15 107 140.2 67.3
D3 Jun. 30 3 107 28.0 13.5
Jul. 12 5 102 49.0 22.4
Jun, 22 6 108 55.6 26.9
D 4 Jul. 5 4 109 36.7 17.9
11 5 102 49.0 22.4
19 6 109 55.5 26.9
D5 May 25 1 124 8.1 4.5
Jun. 1 4 92 43.5 17.9
Jun. 19 3 119 25.2 13.5
D6 22 4 100 40.0 17.9
24 10 119 84.0 44.8
May 15 10 110 90.9 44.8
Jun, 11 2 152 13.2 9.0
23 6 125 48.0 26.9
D7 24 5 137 36.5 22.4
30 4 143 28.0 17.9
Jul. 5 5 133 37.6 22.4
15 5 141 35.5 223 22.4
Jun, 11 1.5 115 13.0 6.7
22 2.5 130 19.2 11.2
D8 23 12 99 121.2 53.8
Jul. 4 4 115 34.8 17.9
11 5 115 43.5 22.4
May 25 5 102 49.0 22.4
D9 Jun. 2 3 104 28.8 13.5
5 5 109 45.9 22.4
May 4 6 115 52.2 26.9
Jun. 9 10 134 74.6 44.8
D10 14 2 114 17.5 9.0
21 15 114 131.6 67.3
22 12 108 111.1 53.8
Jul. 11 8 131 61.1 35.9
May 14 5 137 58.4 22.4
D11 Jun. 30 4 114 35.1 17.9
Jul, 11 4.5 97 46.4 20.2
C.P.S. A.: Catch per sweeping area of the towing rope
C.P.F.V.: Catch per filtering volume of the towing net
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BRARTHD, RTI65ERPFODFELD, BRABKRILE > TWE2, TREIRSWTIIEE
HIcRE ET .

rickede C P S, A Biinc 1 8 ) BERY L b, HEOMFRL AR BT O
TORBERLBL TH25 L, FTFEREBCREOR AL RAEL /- DI (1965 £514H) T
1%, Fig. 57 WR7T &5 CB/NERETRDIEROERIC C.P.S. A, DERKRLR, = DEMHR
DEFEOF N LR DHNE. MOBERFEDOHEY, KREBICFORILEHELREE L T
WA, EREROREN BEOWRICEFL, T #EHE SPEFBECHKESOZALRS
LZANDL, BERLERORKRMETRDI: C.P.S Al & 18N RER > OBFREGT D E
(1965 FERIE) DFE L FAKCEREOF D LE 2 bhb. Fig. 58 XKERED C.P.S. A.
L1HEYYRERL OBBERLILDOT, THOXSY vr—18, D, BHEDIEC/| LK
> T\W5.

ZOEMOEE IIRMFLEROFHEOYEEICHYL, HEOKKRIE, BEOLERDODK
WEEEERLTWS. - TREORBEER F » —VEBRL BN, —F 5 RESRE, %5
BESHEOIRLI > T3, Flebr—LV@ORTIEYA F be — /82, —% 5 BESEOPT

Table 33. Comparison of C.P.S. A. and C.P.F.V. of T, B and D nets.

SN Net T B D
.. Boat ~ ~ ~
Item T1, T2 T3~T5H B2~B3 D1, D2 D3~D11
C. P. S, A.
kg/10¢m? 450.8~55.7 601.3~58.4 87.6~19.4 55.0~15. 2 140.2~8.1
C.P. F. V. ~ W~ -
kg/10°m? 53.4~ 6.6 69.4~ 6.7 19.1~ 4.2 30.7~ 8.4 67.3~4.5
T1, T2: Side type trawl net T3~T5: Stern type trawl net
B1~B3: Bull trawl net D1, D2:°’63 type Danish seine

D3~D11: ’65 type Danish seine

vl

) 10 15
catch a towing het (ton)

Fig. 57. Relafionship between the catch per sweeping area of
the towing rope (C.P.S. A.) and the catch by a towing
net of D net used by the Danish seiner (D1, D2).



IRtk « B 71

13 1963 FEAI@AEN T

SR B A ORI RE

Wa.
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A. L ERETE 2 HORESEY ENT 2 &, Fig. 59 WRT L5, DExRHLTEROMEE &
LA, THELBEIKCILE->T\W5. - TERBEEAORBRAL—Z ) RERESIED
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58. Relationship between the catch per sweeping area

of the towing rope (C.P.S.A.) and the catch by a
towing net of T, B and D nets,

oor D (‘63 type net )
D( ‘65 type net ) T (Side type net)
B8
T (Stern type net)
= ey 3‘0
10 €atch amtowlng et ttoni
59. Relationship between the catch per filtering volume

of the towing net (C. P. F. V.) and the catch by a
towing net of T, B and D nets.
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T REOHEROYE, HLRMTIIRERIER STlSSasmoMKoOETrREIh
5L EIIRB. T T TEMORBLEY B4MICLRTRT L, T RMORBIERIZ Y4 F b e
—NiED C.P.S.A. » 450kg/10'm? \HEY$2 1548 b SR 27.5 + v 2 CIlL, 4 F b
7 — T L

4 2
S X100 = 79.2(%)

Zﬁ’y]‘ﬂ'—ﬂ/ﬁﬁ: W

- . _61x10'm? _
2D RERM: 1755107 X 100 = 51.3(%)

—% 5 SR (19637 : O I0I 100 = 50.8(%)

—% 5 RERME (19654E71E) : 161x104m2

Ligsh. ek br—VERRL 2ZEIC OV 1 REY D RER DL, ZF5REREr—
Z 5 RERWEORLIL, HED 19634 2iEo C. P. S. A., 55.0kg/10'm? T4 2 1 Sy
hRMERDS.61 + v OWEANTEDOIREHDTH 3.

EREORMMAY, —% 5 RESRE (1965 F2{@) o C. P.F. V. ® 67.3kg/10°m?® ic 48343
51R\EYUDRBERIS Y 2T, —F5RESH (1963 £8E) L,

3. 3
F4 ¢ be g 29000 100 - 35.5(%)

183x10°m*

A7V bRV e i0m’

X100 = 27. 4(%)

_ . 183X 10°m? B

—% 5 REEHME (1965E5148) : % X100 = 82.1(%)

L78%. ThHOMER 1963 FEM—7 5 BERBORMHEY 1 L LEFA0EHORKL LSS
NEET, ZWORETS LORBORAFFCEA LT IUE, ThbOELERE Y L CEELS
BADZLNTETHS. ok 1 RPEY Y REREN1 Y2 2 2 2B b v — VB A i
BTHD, Flortr—A 2590 EKE%8O C.P.F. V. O LR EIHENIZECKTHS
Lnh, BEDLRME 19.1kg/10°m® [CHEY4 T2 15 M8Y b RER 10.4 + > 282 CTRET 215
B — L AORERERBRTWBZLELLNS.

5 3 4 % =

REHEY BT 2GR L L 5T, BERBEORAV-LN 3 EEOYE, SYHRES
HOFL W L RAICATREME L B DT, %P o CRIBMAED RS FT7 - 1o RERE
DAVLRIRYE, AR JOWREARESY KL o kT SESMORBILEIC O CTRIEHNTHR
THZ LT 5.

@M B B-A- B

FERPOACONREL Fig. 2 @R LI X 5t <— ) ¥ 7' HE AR L O EHER
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Thb. INLOHRG YL~ v 7 REEHE O F S TE R O ZE M HER I - FTEY O
Frick 5 &, EXREM EOET/KEOEREHOBERS IOHEREC I > TEAERE LY. HbHE
7 7 2 2 BHra X o UG, REEM_E O REOHHIIC H - TRERL S h 2 KR O AR
BHERAKOFEL 77 R 2 WMOER L 12 Lk - THERIC /2 W el bWk Hicii I, HHc

Fig. 60. Echo of a school of Theragra chalcogramma.
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X7V e r s EHBONSETBEIL, ZORBIMAE TR ZOEREOBENILAKREMNS
L OF DFDOVEPEREE R RNCZE 2 5 2 LT85 OT SR O BRI R S 5 WBILE
s BEEC A Okl B L, B bAMCHT THOE T4 22 18/ns. i bD&¥Yy
TENFR LI oA PV F 732 LTARBORM, KiE1 0~2.5C MR, ®xy=a77

Fig. 60. Continued.
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A=Y, 2—7r ¥+ ERLLTEEECERELAL BET5. 24 by s 7 ORBRERX
Fig. 60 iwR L - BERFBOLHEHER1 O b2 3 L 5K, BHEOEKBIEE, DK 10m O
HIETEL, THROMKNDLARTESm BETIIFEL THR Y EELEBEYERL T 5. &8
DERELICHEBE 2B L, 1963EED G, A4 A7) 2 bABOX Y BEVRAL, ki~
5 AREMIRT, 6 AKX 7Y vr 7H#BO JLAEE, 81X 7YY VIR AR T HEL T
H, Ro TEDRBITAKEMOSIRICE > T 3B. FOEEKFEL 100~150 m BA3EERAEE DO
82 % T, BEDOKIL Z DXEB bR T3,

1965 EED T. L ERD G, HIOBELCRB L VBEHCM LI EBREREL LT 3.
b4 B TAY =<y 7 KEIARBIC=—7 7> +» DFELB->-TCEBIVBRBCBELCE
BRAENRE UCRELHBL, 6 AhAE CRMETHREL, Thilk 7)) eer 7HBEILAR
BCTIOAET, 9ANDIO AT THETL, By =<y 7 KEILHRBTHEEL T3, B
AKEE Gy & b BB KO, 200~300 m BAAEHREREBKDS51% % Hbd, 2T 100~150 m B
MIBBTRIESBM LitoTWb. 20X ICEBICEREKENLIRICERLTHEDIE, v=
<~y 7 KEIHRBOBEFIRC L2 H DT, EINREFL DI Y=~y 7 KEILHDOKREMCT A
S THIRICAD ZATWB D, A7 b7 0REERITORIRD &XRBCHITCEEL T
RBEERLTWBEDLEL RS, 1967ED S, MENIT ERD 2 #F & b BIBEHE L, 13
LA EKEBEEFAG CREL TR T3, Hb6 AmansbTaLH»rTy =<y 7 /KEIH
BB TAREELTT Vv e 7HBEOBWELGRYE "TAXLI0 AT TIETLTHY =<y
7 KEI TR THEREL T 5.

KR DB O I 110~150 m : 11 %, 150~200m: 36 %, 200~300m: 31%, 300
~400m: 22 % & FE 2 L T150~300 m DKERE TORIEERNE , REFEFEKFRL 414m 27
2 T3, BEE b, HEHTED ZREXFTTRIROHIRA S 52, 0 X 51963 FED G, #E
W 150 m PUROKBEF L& 23 7e b KBBEICBEN L e2ib ITCRB L2 EDO THREL T30
L, 19554FEED T, fENIREMOZDMEEC, 1967 £0 S, MEILEICRE ORKIERELREL
T5. BBOREREATEL Z258EABTI0m, —725RERBETIBm LT3
2, br—Eiz4ldm L ELFECREBETHVLRTWV 3.

am = x 2 A

TR L UTERY - 72 1963 2> & 1967 FFI 3 TD <— ) ¥ 7T BT 5 B0 R
RAETIMRLIC X SRR F VU F I ThH B, 03 pEMICKT 5 {RHROHEMERF 1L Table 34
CRTII R bUFSE 714 93 2 I—LOERE L U CARKINCHIELIED T 1963 £ it
ERBHED 68:2 % w15, FOREROKWEEIHEML, 1967 E£D S, MEOHAIEC KM

Table 34. Catching state of the trawling factory fleet in the Bering Sea.
Unit: ton
~. Item . Theragra Gadus Species of
Year - . [Mother ship Total catch | .y 1corramma | macrocephalus | soles Others
1963 Gy 100861(100) 68817(68. 2) 3133 (3.1) 27656(27. 4) 1255(1.3)
1965 Te 47834(100) 35883(75. 0) 6108(12.7) 4920(10. 2) 913(2.3)
1967 S, 153513(100) | 139960(91. 2) 3763 (2.5) 6498 (4.2) 3292(2.1)
1968 N, 140949(100) | 125298(88.9) 7328 (5.2) 7630 (5.4 693(0.5)
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EDIL2%E EDBCE ST, ZDLFICHRIEEDIZE AL KEERED LR, b7 55 OEREHK
BIEEINC RS % &, Fig. 61 WRTHEYI THS. 19634EH G, MEICKT 2 EROAFEIC X 5
&, #E (F. L) 2~44cm ce=— F2E80 bR, W2 A—THIUL EERR > ThHEM
BICKRERZEDIR\NT L 3dh T

W 1967 EEE D Sy AT R WTHIE LicA 7 » v 4 7 0480T, Fig. 62 WRITRKEN D, &
BELthE, e oBRIERERT, #HELAELOBMRIERSRTEINThEDLT 2 L3
L5, ok e, EUL Fig. 62 WL 1968 £ D FRASBIC I T 5 iR o flE i
RTCLFBDBNE L5 TH%. 0L CEELMIFN» DRI T, KEMMERNEED B

1965

(%)
- n
R

Frequency
=

50 60
Fork length (cm)

(%)

Frequency

20 30 40 50 60 70
Fork length  (cm)

25F 1968

(%
n
o

Frequency

20 30 40 50 60 70
Fork length (cm)

Fig. 61. Frequency distributions of the fork length of Theragra
chalcogramma in the Bering Sea, 1965, 1967 and 1968.
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KEEFIC 230 C, ABRBECEET2 A7 by 5 7 201RE LicEEcAWbR b 0THY, %
RBLEEDOBELER L B0 BIERCERER L T RBRBEELY T T\ 2% RERORER
BrbRBLYIERIGEEL TR DT, HEMER IUHRHCOWTI KERBIRH D LE L
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Fig. 62. Biological conditions of Theragra chalcogramma

in the Bering Sea, 1967 and 1968.
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WOEINIIVRVWEACLZLDOTHAS.

EREEEO BEka: Table 33 » Fig. 59 wiRT L5, —%F 5 BERHED 2 D0
WL T C. P. F. V. 0TI LA BATIRIRVA, Fig 59 i3 EREROERE I RA
ThHpHLzAhb, C P F V. OFEH 1963 ERHETIE 30. 7kg/10°m?, 1965 FEHHHTILL. 67. 3 kg/
10°m® WY T3 EhEho 1 8iEY b REROWHATIY, —% 5 RERBEOREEEI R L v
EANCENRTNBZLELS. FOEBLLTUL, EREOHEKIIVEEEL VEAROAMELSE
WERELL W AEEAMMMC, #HRT2L5K (6. 4 2.5), ABROARETAEATARBIIRME
ko TEORECEERERNYERTIZL, FEHERZOEL L TREED2.0~2.5 /v
b, HSEERREA Tm THEHOBPREIXNLVELREZOT, ABOARCHFLEMYRIX ARERL
Bz LHHEEINRS. Mok bt e —ARBITE X D REMENREN, 1REY I RERELIREIKRT
H2A, WOHBENATHZS C.P.EFV. OELFLIMEL Y RLE LS, —F 550
ESEL b REBEARILIRERLL-> TV, L LEABOEMERIA £ 0 imEshE Eh
T3, REBROZVWHAEIZABOBBEROK N7 ) RESME X h AEEEIERL T
3.
BESEORBHET (1), (I) TRXIXS3E, HHEOAWLRICHRBOREME, i,
KEREDIHET TR ES, IRFANRE TR VI FTHBE LW HATRERTORAWOR
TR BORBEFM TR L CTHBEEZ T b DTHS. L LBERBOREYORELZ B
L, BEHERORL>TWAHELLD, EREBYMCHT? Xr v /505D 5 BT 68 2~
91.2 % L LBICMARA BN S, - THBCE 2, AEICEIIL, ThfheonwTE&BO%K
WA R BT RETHEM, ARTEIRF VYIS TERYED2LREW LR L LTHERL
1oDT, SHBIEFCHZABC OV TESBORBHES LB L TR LEXS 5. FCAECHRE
BRERLZLELNTWE T YR PNVEOBEFEED s AT VAT WRETIHEDOF5H
ESfL—25BERE ILRBHBEMNRBOT 77N vARRRETIHEDO e —LiBL—
5 BERPEORMBHEAED LENT, AR CHENTLICREREDLERRESLRIET 2 %KLL, B
R AMEETIH 2O TAR LA U HFET HAUER L BROBT 23RS LW EL 3.

5. 4 EBMRLOEXRNEESOERNBIT
ERELRHTI2HERRL R TEAELLTUL, ERE0 Y oYENES 2 HRNE
FIEEBRACET L CTEEOER Y S LUOERZE 2 X SR LTE e, BBORBESFMENEM
AL TELBETIE, RROBFETILTUDBYULRI FRLEE L -t Bib, BER
IRNFH AR REROBBE T, HORMEERL bR TW e L, BETITRBIT AR
ERRED LT EE, EBFLEO LI TEBEIELALRCERTS 2 Db LRAOREEY
LB BB/, BVWRBOYENRERGED X2 & Ll bEYHIREES M KA ERE
FTREBELMES LR > TE. 20X hPEYRT TREDERBORH FHIELED D
YR X O Y RIEHR 2 L 5 RBOFERMEE BRICAN TREITT 3 HEICHE - T
27, EBREEPERS LOBRRCEO M TRERSREITIT b T WEIRTh 5.
ZTARTIE, EREOLOHFED 5 bbb, YEMAMHESRLLT HoOBRERCTIE
SO D DABRE L 0PSO TEE L ER D L OBRICOWT, FhAEYSRIERL L TR
T 2 AR JOBMT O ARTEY RO b, FRERICOWT ERWMEITY 1778 -
THARIC
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5. 4. 1 HERARIRES D EERMIMRIT
5 4. 1. 1 BitmEE£RICTIELR IBEOYEMHER
ERETHRT 5 S Eth OB HEIEER L 7o & 5 WERBOREE I LU NRABIC X > THEL
Rig o> T30, KBRECR, WEROEMIL RBOKBILFC L > TEECELTETNS. 4
B, B ELBIBIT X > THEORMFERRI B, —C b v — U3 2 BESEED S 6 s
BN, 2% ) RERE 4 EEE» b ER=AREM ML @, —% 5 RESEL LR=AE
ETEHEZAREEHIML 6 EERIEWEL L > TWwb.  Zh bOEIEH DRI HETRRENC
WERINICDDORE L, T0OH2 KHEE, 4 KEER, 6 KiESEOEZRALEX ZhFhofd
DREBEBRT2HTEBENRD D, ERERHOEM LAV BELELLNS. £ TAETIIH
AR LOEBOEELTEIZLALAMOI DL Lic 28, 41k, 6 MEREY %3 L CREIHEER
IR, FREFN OO BRI O THEBRN T 2 2 & L.

M £ B B

EYEE 2 BEER (X)), 45hElE (YHE), 6Mkalm (Z®) o3/ 2L, Wihbhh
B, AREEE—EED0I 0L L. Xt Fig. 63 RTX5ic, 3EOWOHTCIIELERE
DFEFCET 20T, 1960FEEHE THAVWORICHMY A Fir—5 —FAORFHEE4M4m O b r—
NVBORBECHEIL T Y, KRT 2 X5 IckiE, KAME REOTEL Bl X OREE» bk
5T\ 3 2 BHEEETH 2. YIBIXBOBMEHC 4 RAOGMY L ) O cilT, % KeTch
MEEALIC4BEERTSH 2. ZBIYEOMERC=ARE & » 2 clT, =ABOHEN
B/ NETEDLN, TR OHREEEL L TR Z L 2T 5.

WAOFENIHE, ZAEYR) =FLv Yy bV 4 v, RHME & BN BeirA4iev iy
Ay, B2 Is/vEF VA4 vEL, BEOEIIEL 150mm, Hi@EXLT60mm & L.
RTINS VA Y—r —T 2RV, ZTORXIFTFEEL 12mm, hFf% 18mm » L, 7
W BEET3IRTFOFE % 150, 300kg © 258 Y, T BET 2 hFortEhE~Fhd
400kg X L, FFMR LOTEFRICH 2 R XY D ORE N, T8 1. 0 et LTl
A 1.5 DRI & 5 e L.
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Fig. 63. Design of the three type nets,
Numbers in figures show the mesh number, bracketed numbers
showing the mesh size (mm). Meter shows the length of the rope:
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51, 1.7/ bETRY @RRLEL, Z# XHEOHCEL 22, 1.7/ v rBlECETS
Y, e 2l m 0BAL, ZE, XiE YHEOIERC, #M%MME35m 0BaZE, YE X
DOIFC TR EL > T3, 22 TiFEH150ke, AR 2lm OYRERL7 /v b TZHHE
DEXLVHEL D, EBIK21 /9 bTCXPORI LY BEL Ko LREBTREZLT
b5 BFOREHORRZHEOWOFRE L Fig. 64 WRT X 51, HEMELY 2lmicL
TO0.5/ 9 +23H3.0./y PORBHEETHRBLILZOWED W@OFRFINOEL X #8: 0.5~
0.3m, Yif: 1.2~0.9m, Z#8: 2.9~0.4mx7ch, #EHRE 3B m OBFEOLThHITXE: 0.6
~0.3m, Yi#: 1.2~0.3m, Z#f: 2.2~0.6m r7cbh, Z@EBRBRLIFTFOREHOHELZITS
ZEETRLTWA.
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Fig. 64. Relationship between the height of Fig. 65. Relationship between the height of
the net-mouth and the towing speed. the net-mouth and the towing speed.
m-kg shows experimental condition, m-kg shows experimental condition,
m: interval between the wing ends, m: interval between the wing ends,
kg: buoyancy of floats. X, Y, Z show kg: buoyancy of floats. X, Y, Z show
the nets, X: X net, Y:Y net, Z: Z the nets, X: X net, Y:Y net, Z: Z
net. net.

b) HBICHhhBiFKIEH

MT 230 B TLAES UL Fig. 66 1RT X 51, WIFhOERFEHDOHE T HEEDRIMC - T
BAT2EESEDONS. 2.0 /v U EOFEECIZERBELAE S, Y X SolEcEit
FThele->T3. 3FEDOFFORBNE—F LT 2HETMEMRBOLECEE,  F F s
E—R LT AR RNFFOFFEHORTH I HEN TR EHEIIATSHS. ki Fig. 66 * b
BHE (B & #HE (V) B+ 5 —%R R=KV" © n Offi% Kb K ITOT 2 &,
Table 35 1iRT & 5 ICiFFOIFHH 150 kg, #H5ERHFE 35 m OFBEEHBET n OIS Z HEHrED
KT, XBHERL/ITHS. HCZBEO n OfEiAR 1.75~1.87 & 2.0 1EWMER L 5 = 213, B8O
HEE OO = AEC X > T RICIEET 2 b BB D, Ml L b 24BN ER
BLBHDLEZ DR, ZORIKRT ZWOMERR ZEOHERLEVER L —HL T\ 3.

c M@ A ® K

WO LES, FESIORE L VB L FEHLEOEMOMEE 0 {IFE LT X - TREO LR
Belh|T5e, TPROMTE, 141 LThI Fig. 69 0FEXTH X b S L 5 ICjke,
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000k 2im -150 kg | 21m~-300kg ZY
3000} X - X
2000 -

1000} -

500} 5

4000 35™150kg

3000}
20001 -

} 35m -300kg ZY
X

><<N

Resistance of net (kg)

1000f -

500

1 1 1 1 1 1
1 2 3 1 2 3
Towing speed ( knot)

Fig. 66. Relationship between the resistance of the net and the
towing speed.
m-kg show experimental condition, m: interval between
the wing ends, kg: buoyancy of floats. X, Y, Z show
the nets, X: X net, Y: Y net, Z: Z net.

Table 35. Values of n in the equation about the resistance of
the nets to the running water.

Mo -Condition 21m-150kg 35m-150kg 21m-300kg 35m-300kg
et —
X-net 177 1.94 1.63 1.33
Y-net 1.63 1.63 1.80 1.39
Z-net 1.84 1.75 1.87 1.77

21m, 35m: Interval between the wing ends

150kg, 300kg : Buoyancy of floats
ZABEET S ZEAERLEL, XErHdE. BOMbEoKERER Fig. 69 ofiEX Y LT°
BIERCRT & 5, Z@ENToBMEREIEd AV cd R BRCIEL, o0 bARET
AT E 2 BROEECH T 2 @M Z@ENB L BRr TXENR LA TH 5.  BOMEEZREA
ERCR OIS L 51, RAFOBFRICTRS RO dIREL L T 52%  TOMBEED
HEAENT 21T > TALRY, £TFXMEAD, RTYM ZBEDOECERRCES FHEH1SD
5.
WOMERICThOEEICISWTH ZENEIAREL, Y XBOIEC/hEWZ LD L
i, #hoefRE 35 m TR FOIFE 1% 300keg & LA 0REOMONE# % i 5 &, Fig.
67 WRT & 5 KA EOEEORIMCHE S EROMIEILL.0~2.0 /v PTXHE: 36m?, Y:
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55m?, ZiF:62m? 2.0~3.0 /vy b T X#: 21m? Y#: 21m? Zf#: 11m? ¢7th, 2.0~
3.0/ v FOHENRL0~2.0 /v POFEIVBIET DI, HCZiL2.5~3.0 /v VT
2 2m? rinh, ZOFEECHEOMERIBR—EECLSZ L 2RL T3,

d BPRBRHE

¥hSerEE 35 m TiRTFOFH S 300 kg DEFORFREEH & HE L OB Fig. 68 1wRT
FEYT, ZREBELKRT, YR X#EOIRChLitoTwa. HEOHIMCH ) SAROBMOIR
BBIZ2.0 /v P ETIXAEL DBEMOEME L B4, 2.0 /v PR ECET 22 ZEMBoE X

£200 - Y

3
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U L]

T X
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5 1001 *
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& 7T
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1 1 | I
1 2 3

Towing speed ( knot )

Fig. 67. Relationship between the projective area of the net-mouth
and the towing speed.
Experimental conditions are the interval between the wing
ends: 35m, and buoyancy of floats: 300kg. X, Y, Z show
the nets, X: X net, Y: Y net, Z: Z net.

x10°
— 2
-':E‘SOO- /
@ .
o
400 i
: T
- B —_—
300t / _—
K ’ :
X /./
£200f- / /
g ’
/7
2100
z
- 1 1 2 5_.
1 2
Towing speed { knot )

Fig. 68. Relationship between the filtering volume of the towing
net and the towing speed.
Experimental conditions are the interval between the wing
ends: 35m, and buoyancy of floats: 300kg. X, Y, Z show the
nets, X: X net, Y: Y net, Z: Z net.
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Side view

Plane view

Fig. 69. The view of the nets.
Experimental conditions
Interval between the wing ends: 21m, buoyancy of
floats : 300kg, towing speed: 2 knot.
A2 X not, B2:°Y not,"C2": Z 'not.
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D EROBEMENEWT 2EAEZRL 5. BIbEEEOMMEX 1.0~2.0 / v M TIX Z43:
83x10°m? Yi#: 74x10°m? X#§: 82x10°m? 2.0~3.0 ./ » FTiE Yi@: 37x10°m?, X§¥:
35X10°m® T B DICHNT ZF: 1156x10°m® L7ch, fho @O BEmMED K3 ZCd FL T
3.

5 4. 1. 2 % -3
SABORRICOVTIIRO® 0% 5 RESBCHET2ERNRL 22, ZoERICLz:, =
AEEZ O ICHEIHCEROP L v EFIRXFE e sh, HAANIYCK s HREE T
3. FERTRFFORYHEOFR - Z 5 RERPLIEERD 300kg & LIcHER 3.0/ 9+
BECTRKT 2EOPRE I, 2KEED X L T4REEDYHIX 1.3/, 6 KiEDZE
L5 h, SAMEOTBENE Lo T\wa. BAEANDIE DI OWTix Fig. 69 ©
FERCRT L S @O mEXEc kL, Z8T 135K, ®OMEREd L4852 mh, K=
AEOBEMERER ZTEBOFE0 LR L BAMANOERY DO HREEIIHLTID0LEL LR
5. B OWTE, BRODERMEETIZARE OIS Z LI X hH40 % BEH ML T\ 5
2, AERTIIIFFOR300ke, #efiiEssm, BHES.0./ v rORETZHEOEIIL XELD
#9385 BEEME L > TED, KELIELE->TW3. SABEOHEIC O WTL, Z0fl, FFOF
BHOKNCE > TROB I OELDRENRRL D, BFHIOREVWHEI=ZABOLME L v T
FOREAREEY, ZRIMAEL VEOEIRE R, BEHONTHIHAR bBEEL LT
3 LEAEOITEMANETFORENLIVRELD, ZEIAYEL VROEINEL /o2 EERE
Hbhhfe. TOLICEZAELBFRIACEECBERZRDINALHERKR D, HFclEDBRERE
TREERLL->TWEE, MUTERBCOWTERLROREEEFLE LN bBELMNL TH 5.
Mm X 1
WORREIILFTFOFBENE 2HC LB ETIWEOMIC R ERZIRD LR, i@ s
DEIDEIBEERTIINL Y OENRL B, BRI IBLZOEINTZLLY, WCFFOFEN
AN LR H AT L OEAREE TS 5. wiEHEE 21 m, FFOFEHN%E 300ke
(150kg) ¢ Li-BEo@AREREXT1.0/y +T6.4m (5.9m), 220/ vy +3.7m (3.3m),
309 FT 2.7m (2.4m) 1755, BChrBEFITFTFORENIN 150 kg OHE, HEHE
DERCERIL L, Wit 2 EEOHETHMOML v /&L, FEH 300kg OHAX 2.0~3.0
Jy bOLEMBOMBE D /I THB. HEHEY 35m, BTORE % 300kg (150kg) L L
S EOEHEX2.0/ vy bTL7 by (L3+Y), 3.0/ 9 FC3.0 by (2.7 bv) Einh.
ZOMORBTHEXBOFEE232.0m L IEAEAHLARLLT2.0 /vy PO ETHRET2E
B, FHEERE R B FRE2DATHIE B v EOEIREL, ToREMEREBNRS
ZLiEEY, TCERRLTAC—A b — AR SICETLDLELI BN S,

@ Y G

BORRE JIXIFTFOEE N300k DP BT ZBPOFITEER & 54, WEDET 2.0/
vy FUTOREOHE TN, 20 /v P EOHETA LS. BFDIZE 4150
kg DPEOEFEILL.7~1.8 / v b ETRZBOFNRE DR, FhL EOFEECL 5 & YEREL
5. MY 21m, $FOFE %Y 300kg (150kg) & Li-HBE0@ORRE X100/ v
FC84m (7.2m), 220 /v +4.7m (3.4m), 3.0/ 5 +C2.9m (2.3m) L73. FEThH
ZEHUL2.0./ v P B ETIE Z 8ok, Fig. 66 i3k 5, #5ehkiE35m, ZF0IREH
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150 kg DFE, HES.0/ v bOLERKT S ZBLOBEHEDEL 0.5 > /X<, 300kg D
BEDOZTIULLO0 r Y &RL, BHADOKEWHGEN Z BLOBHEOEIKRTEHS. ZOFEDF
A, EERECHE, YL oEOFREIOEND BB FOIFE % 300kg, s
Z3/m L LIHEHEETHSZLTHY, 4HEBERCLI Z258ERBOHE, NRARKT
X o TUIHRED 2.0~2.5 / v P ORMFEHEER 1.5 / v MHOEE CRETHE, BOE L6 i
Wi HOFI LI W REERLED 2 Z LATREL IS, TR FREYDL, HWElme® &

b, L5/ y PRITOEETRET 2 HAL6KEEREL VEORINEL LBDT, Zo&%F
AThIERTHAS.

® z i

MO RE JLIFE N2 300 kg OFAIBOBCHEL THRIF L, WOMEREIEL. =0
FHENL 2.0 / v PULEDOBECHEBFC L bbb TW5. LLiZEAMR 150kg OBAITYELD
RBORRFXMELRZ2, L EROHEAC ZAER MLCH L T EAFECTEET 2 1o
C, 22> TREAOFIEZETRELDTVWE I LERLT5. #5%eHE 35m, FFOEEH 300
kg (150kg) DHEOWOFREF XX, 1.0/ vy +T71m (5.3m), 209 +T41m (2.6
m), 3.0/ 9 +C28m (2.2m) Th3. #EHL2.0./ vy bR EOHEEDHETIE, BFDOIRE
SR O MMy b T oL Y AThH34, 2.0/ v FUTOEREOCHSTIMEL D
ST, HHSERIRE 35 m, 1R F DR300k (150kg) DFEAOEHFMEIZ1.0./ v T 0.65
FY (0.5b+¥), 20/ 9 b T20by (L7bY), 3.0/ 9 b TC40byY (B.5 1Y) Thd. =
DOPFDORRLERBIFE L, BAREEORVAKENRL TIHACTOREMERERTHE
LT, BCEBEBEIROAS VESERACRL L TISHRNGTHA Y. EiFFREPRL,
iR E % UCTERET R8T 2 Hal@oBERR Plov Lo @OmRARL e 2 ik b2 0
T, NREABHOWABOEE BLIVABEECL > T 20Kty 5 2{MAT2 2 LR FETH
5. L LikHROZKC X 2 O8I OEEMEC A TH B, XLk whichiimard
BE2 3% X 5 IREOFBETIRNREAEC X > TRHYHERL 5.

B ERNICE S eh T oy, ZoOREMBCRBENALNEA, #E, 2 KEEEcE
HEo, B=ZAFEE o0 BT, EOMHIC im0 8o IREMRR MR
D, WOBIXFELRBEABRADNSE. O X5 I ENTEREINEL 558, EIIRFOREH
RRLIABHEECLDHNS L 5T, HECH) REREEROBMERIC X - T Bthokik
DENADOERIMEE LIT 2 Z LKL 5. LLEKEOPIWETH RIEEE, ik, 2
FORBHOBIRIC L - TL, BEOZ WL OERILE PLERFEID I MRk
i b —VERRTFEYEZ LT 30/ y b ETEBETA e — B8O LY BE0b 5 s
LI

5. 4. 1. 3 BORIDOTRESNT

BRSO M@ XKPER, HEEANCAETZENR IOBEORT 2 HAERO 3 HoH
BWCLITEREIN, MEC L > TEARR-> 1B beied. BRY &9 L ORI OWTIE,
EREXTR—EOXMEKETHE L A0, BEALBIITIIREDTAIRENRESRD, £0D
TeHPEIEI—EOEILIRAREZEL AR DL LD 5 MBI X > TR—ELI@R D 2 ERL
TW3b0DLELbh3. 2Dk CBOMNIINETCHENHFORKLS Z LT, AETIAHD
TEHEYS %2, TR LOTEERET I —RHLdbh-oT3BLELBRS.
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X, ERErHIT s SAE0ES, EEAR IR EOBER L LTL Y B TE LA,
ERUE L 5 CHEAEOERESTER D 0Lk b, AT IABCL - THEELERCS
BE\5C L RERE LOATM L EL HL LTED bREHRIPRVEITHSE. £ CTCEEX
B ERHO—AEL LT IEE L ) R ORI ERAs L L L, AL 41K
BSEEETER L, KEBRIC & > TRASIOFREE S L OTROBELTTR - 1.

o £ B W\

EyE T EAOME, B BEOZL L 4KEEET BACK~=7 74y, BROE 1.8
mm, B&E84mm, T EhEZ15.6m L. ZOBREANOKBEAKKE-T, 1) &S
DERK, (2 F74voREBIVEEEDCL, B) WEHOk, @) MECEDOLYRO LS ICE
BREAEAVER L . RREATEYETE<=7 'V 4y, BEETIEREAY, BEIEY
Woiw=T R —7, BEECEEATAVE. Fig 70 3z oRBEOBEHEERLIcd D TH
5.

® 4-5% A s, g, 7 K
a I . NG . g
(2) a’ﬁ l” =0.161 d: ﬁ‘ﬁ;ﬁ@'é, I: B El%
® L=v@@-DA@-D=0306 v W 0 EAOLE
W & =T =D/ Gl D) =0.102 L @O, 0 WOKE

¢ DEBECIT B VO T BOSMELRT 5 Lic X > TELT B e 2 MEL T Fig.
71 KRTAEOE L\ 4BOBOBMALBACEEL, 4ADOX XA L » TRACHEEL TH
FErebThrz il

T2
55 55 55 55 \_/
|
e
5l
LS
g2
o
5 / \ /’— 15—~
Fig. 70. Construction of the drag net used Fig. 71. Cofiguration of the hoops of the
in measuring the current velocity. net-mouth.
Numbers show the mesh number, Unit: cm

bracketed numbers showing the
mesh size (mm).
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@) EEBREELFX
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B L. WMEHAECIIERROY — I R & — ST 2 AL, R IRIC & - TIRET
B L BBABILT 510, KHEE LDV — Vv b2 KFCBEIT2 AR REYEE L. HR
m%ﬁuijsu%#l5K,m*vu%®¢®ﬁiosﬁkab,M%fumowﬁa%ﬁm
%n%n%bt.ﬁﬁmﬁﬁﬁua&aj/ybf&a.ﬁﬁ@ﬁ%@ﬁ@%ﬁ&ﬁ%btﬁﬂ@
BRSO OH I ABLYEA Y 7HEML, WP TOMhORIES L OBEIC TR - T
T 2 K% EES JORE X W B8 3 L AR EERE LT

am = B # 2
F&:M(A~O)u%muﬁ%ﬁéﬁﬁLtﬁﬁﬁ@ﬁﬁﬂ%ﬁ%km&b%%Lt%oﬁ,m
HARGBEHEOEALNCONTERG L. & & CHRERIREIORAT, MROTHOEXITE
FIORSTRLI. Table 36 EMDOHERERELTRLIbDOTH B2, RAESOTELEOID
WL TR 3 L, BTEFOWMBEIEIOFTNITIZLA S ZE L s, FRIMEOX DEL
-2 THY, WOHEHER LOBOBRETIRZLALEADOTR L VB >T\W 5. HLEDE
HTRERTS L) CHEDSNDOL BHENRE L, BROREL L >TWBE L2 RL TS,
WODOFEA100% & L - BEOEBUEROTWHDOESFRE KD THS &, Fig. 75 Wi+ 51,
MR OPHL 81~125 % ORWHTITIH 545, 2FEBFTITL A LH100 % BlLERRL T3, @
@MEWﬁoﬁﬁu%~n3%oﬁﬁﬁ&aazum%uT,mo&ﬁ@ﬁﬁu%~u7%f&5
PRLAET0 BT THS. Ll Fig. 74 o (F), (H), (J) 0HED L5 c@ofERE
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Fig. 72. Side view and plane view of the experimental equipment.
: Setting-timber of the current speed meter

: Setting-timber of the towing line

: Fixed timber of the current speed meter

: Truck E : Current speed meter F : Net

: Hoop of the net-mouth H: Towing line I : Pulley

QUOWR
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l? 0 ‘™o g
\‘\H 58 4% a[ J0
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1 ///
15 50 20 3% 51 510 10

Fig. 78. Plane view and side view show the measuring point
of the current velocity.
Unit: cm

(A) T1 type net ' knot (E) T2 type net 1% knot

24
. M/gec|

T
—

(B) T1 type net 1knot (F) T2 type net 2 knot

8
CM /sec

J

16 . 30

CMfec| . CMfac
T ——— =
(C) T1 type net 1% knot (G) T3 type net 1 knot

23 18

m&ecr\E-t-L aaa méec’\’-\LL 4na
(D) T2 type net 1 knot (H) T3 type net 1'% knot

A A
18 24 e
€M ac . Mhec R A

[T

Scale of the shape of the net 9.2, .50 (cm)
Scale of the current velocity Q... B0(CMgec)

I

Fig. T4CA)~(H). Plane view shows the state of the current velocity
through the measurement and the shape of the net.
Side view shows the shape of the net.
Knot shows the current velocity measured in full scale.
A mark shows the measurement deflection of 2cm/sec upward.
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(1) T3 type net 2 knot (M) T4 type net 2% knot

. .
30 a 37
©M /sec A 2 T s . SM/sec .

| = =
(J) T3 type net 2% knot (N) T4 type net 3 knot

38 45
€M /sec s a s M/sec =
I//L’D’// = I/_L’:—-I”/E

(K) T4 type net 1% knot [O) T4 type net 3% knot

2 3 A 54
€M/sec - CM/sec .
= P — —_—
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(L) T4 type net 2 knot

Scale of the current velocity Q... 60 (CMfsec)

e L s
cm hy
secI/J__L—’—I = 4° % Scale of the shape of the net § 20 (cm)
Fig. 74CI)~(0). Continued.

DOFHEARO L D HEL In - T BFAER, (F), (I), (L) OFf#2.0./ v bkl 2@BHRADOWM
HREIL WO X B> T 2FEADBNS.

WOBRBIOTES ORI, FEBOT 1 MO PDTIE, WBhiC\T 3 MEZBOE L b H
7> TkY, AFHDO0.5~1.0 /v POFER LIRS TILITHEOBL W EL /LT 5.
BWAEOT 28O0 TIE, T 1R LEEAKOERNAONEA, TI1EDDDRE, @HOFEIL
BTt ERAEOT 3HD 0T, T2HMOEHARECHEL, WSS XOWERs
DIESF S EHECHEMOFEL TCNB L ERLTWS. T4RMOIDOTIXLS /v FTCanH
kb2 EHOFEOBEERE AL LT, FRIEOL ) AL T3, L LGS X
VBRI, Bofr ABECBMOTFEEL TS Z L 238dbhs. B EDZ L biEho
HFHRRIBEOOMBCECS DR, BRETIADN 32, HEAEOEEI/N LIRS L EIETIX
WCHETIHER AL, ZOEEIBEOEINEL, HEOorABCEWERL L 218, #Fo
BERASAERETCOELH NV L2 TRET 530 Th5.

WHOBE & MR E L M OBERER T, Fig. 77 CRT ISP Eiihs A v 7K
OWMNITBEICY - 754, WEXEEL CTRMNCHEZ b DL, BOAER > TEFZHATY
DTN BZLRTEDLNE. DL EFAAEORELACIHI.-» THEETS L TH
i, EIEOOMBCIEINABRLRD, EPOWEIEEINS 1 20@BREEB2Z LT
3. MOAEOFIULEANL GEINCTRIH LUictk, FEOBWRICZE D, FRXESNEHET



BRERPKELRLE HF20% $F£25 (197)

( CMfec )
(3
=

40

the net
w
=

Inside of
~N
=

—
(=]
T

12510 100 °
<

A H 810/

\-

QD

1 L I I

o

(cm
~N w &>~ ésec )
o =) o =]

L T T

Out surface of the net

-
o

10 20 30 40 50
Net-mouth (cm/sec)

1% 100 °%

25%

(EM fec )
w &
o (=] (=]
T T

Rear of the net
N
o
1

30 40 50
Net—mouth (€MVsec)
1176100 %

Fig. 75.

10 20 30 40 5‘%
Net - mouth (*™4ec)

Comparison of the current velocity
at the net mouth with that of the
respective part of the net.

Vo ,
Y ¥ = Y
Y y 2.
A =[Ar V2| Az W s
\
% Ao VI\W\;
=l A ¢
X PT P P PZD X
L —
/
L —]
Y Y

Fig. 76. The schematic representation of the
net which is setting in a laminar
flow.

Py, Py, P;, P3: Measuring point of
the current velocity
Vo, Vi, Vo, V3: Current velocity

V', Vi, Vo, Vi’ : Average current
velocity
Ay, Ay, Ay, As: Cross area of the net
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Fig. 77. Observations on the stream-line,
A : T1 type net, 1 knot (full scale)
B : T1 type net, 134 knot (full scale)

WHOEEILL T 5. - TRSMERTED i oM S BElLicb DL B2 2 ThH S
5. 2O X5 P CIAVCRE AW 0 5 Fisk o 4 A0 S I E TSR D IRREIC 7 B
73, KA b O FEEEAE < 7o 21 - CEILEL 7 b, —EOMHENCET 2 L OO sEIcE L
R7gA Z LD B, MR DL Fig. 74 iR L 5T & A EDHGENRTHEED, L ILE
NICEWERZ LT3, Fig. 74 (A), (B) OHRETIIMEFIMOIFE Lo »3din, 8%
OEDENEOREMSGEZEE LT AMOYAIL, oMK FEOMRTIC R W TR FICE R & 7t
S T\W3BZ LD bR,

5. 4. 1. 4 % =

ERIO TR AR, ML D 5 2 A~ TICin O RO TR S 5 TSN
TLOMELD IR LT LBET L. ZOFENICR T, JIAIC TR 7o WiE 45883 2 Wi
3, EAOME LI DOMEBOFITELEINSA, ZOMEBEOFIIWTHOMEICI \NTHEL L
HDERinTZ L HES

Fig. 76 XEHMOTICR W HMA R LI 0T, Y Y BREoME X X @0 d.k
Thb. WEHLREOEEDOE, Po P, P, Py @0 ihCEE S 4 HONEEEL 5. Fh
ZHOMEANDOWIER A Ay, Ai, Ay As, $ISMOWITRER A, A, A A, 2305 OWFETE BiE3 5 3
HAENTIE Vi, Vi, Va, Vi, $8S O R VY, VL VY, VY 5. Inksislomsut o
SFHERETELT IO LTS

%, WORIGEY —ICHBREINC R &,  EESTOELEFFEEHRZ L5 IFE @G cEL
hCwador3iur, Y Y EcHIh?ZWE O EROGIHIE—ET
Ag+ Ay = A+ A = A+ A = Ay+ Ay’
Linh, H/ROGHERRZEZ RANERE CHD, Ml /oREa R oS, BEARRY D 0%
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KEC RT3 MBEITE L bR bV T
Vo (Ag+A)) = Vidi+ VYA = V, A+ VA = Vi A+ Vi Ay

tiesd. ERIWTROECEWTHRILT 520, HiE JORBROEFERNIARFE L 2, 3 %
ERLTTRTEL bR 5.

At Ay = A+A 1))
Voot AN =VA+V 4 @

UL, EEOECK WL, EELZEEL TR/NCHETAMENR L S0 T, BHOTHLL
DOIBRT LEOERMIEE L VBEEI N, FCHEOIMIOTBIIMEINBFER LS. L
L, WOSMUIDHICIT@ARE LI TBDT, ZTCHEFORALETR LY, EEMECKT
@R OWE, LEOERMILEE L VBRAIN I HELBEELEETI2HBLCHTTELD
N330r343. 205 bOPELERETAIMEIL FTOMBECI-- CTHEELERILI®ERK
TOT, BEHONKARC X » TUXEEHKR <), ®-T, HEROFEHKRX (2) WHEREZM
2T bty Tiohb, EEOBECET 3 BRI EEMEC ST

Ayt A = A+ 4
VilAo+ A) = VA+V'A+V"Ssing e @)

Ltk 2T V' GBEEEOWE S XEMEIYU ) OEENEOLBBEEERL h OB
R OEREERCIGEEER, 0 WEBNEONRAAELRTIDLTE. #oT, EXFO
V'S sinf FEBMEOHEECKT 2 BANELZFELT I LICRE. Z2kWT Q) R (@
X bRAEE 5.

_AWV=V)+A(V'=V,)+ V" Ssin b
= S ——— @

Ao’

BECE L, 4'=0 L3 bhVwThs I, ARTOUETHELHEL OO, T3
Tedic A4/ =0 LREBL LS. EBRICLY, Vo#V 3 L #HHTHZ0T 3) Rk
A Vo=V = AV—V)+V" S sin 0
Thanb Vdkbbe

y — AV (Ao—ALV'— v'Ssing ®)

LEHLLES.

ZZC, WEBEADOMHEIFENEOMEFOFHCLA T2 LBE V' =CV (C: HAER &
th, 6) RIXEI
_AVe— A=)y
== 4FCS sin 0 ©
BADER, HEOREICL->TEE->TL 3RKLLEINZDT, V ¥AETEZLICL -
T, Vigkdbhsotickhs. 22T Vo, BEOEROIETS 345, BRI\ TITAREHE
LE—ICERY NG, BE7SY 7Yy bR CHEO LI MBEHEE LT3 X5 i@ty

vV
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HEE, WOEMOWBIINERE L VK32 dbH B2, HOBEBEOHETLEL
DEFEZYUTHY, ARCHET 3 L5 RHFEREOHANTIE, R, HOOTHIBEHREC
B EBLARLTHIWTHAS.

(6) RTEER, WHLERD LOMFREL bbb TERRN LD, FERO D HAb, WM
BbHAEECE: T 1 8EOEWHENE 1% / v rOFEE L Y BT, (6) RicxDRIEELNR
ALT-#ER, Table 37 @RT L 5 RETFOTEDOHER 2B, FERD Ay 4, S, 0 TR R
X hk®», C % Table 38 IwRT & 5 LRAIEKR L Y ZOFHDLEELRDIc b DTHS. Table
39 (3 Table 36 DFERICEONDOMBINTHEL AL BOHEMEL, ZOERTELNICRAIEME
LORBETEH A, AR IE BRRECHST 2@ FERERTERAE: —BT55
feh i RHEN, #€-T (6) RTKRDORIHAMERL EAEE 12F —HLTWBZ L E2RLTY
3.
BERNIC X 5 CAKRTE, BPOMEEKEEREL, @Rk 3Rk 3 EyERENC

Table 37. Expansion of the calculated expression at the T1 type
net, 13% knot (full scale).
Item Vo Ao A c s o y— AV o—(Ay—A) v
Section (cm/sec) (cm?) (cm?) (em2) ) A+C-S+sin 0
P, 24 1294 707 1.02 100 5 V=43.8—0.87"
P, 24 1294 539 1.02 87 8 V=56.0—1.4V"
P3 24 1294 301 1.02 65 8 V=100.2—3.2 V"
Table 38. The coefficient of two current velocities at the section.
T~ Item v yr c
Section \‘\\ (cm/sec) (cm/sec) /v
P, 26 26~72 1.02
Ps 25 25~26 1.02
Table 39. Comparison between calculated yelocity and experimental velocity.
\\\ Item Vo Calculated velocity (cm/sec) | Experimental velocity (cm/sec)
Section '\\\ (cm/sec) 1 Z |4 12 14
22 26.2
P, 24 23 25.4 22 26
24 24.6
21 26.6
P, 24 22 25. 2 22 26
23 23.8
22 29.8
P; 24 23 26.6 23 26
24 23.4




96 BRERFKEZBCE #2088 HF25 (197)

HHEHKS C L2, ERCHERL LTAVOLRAZERFETIE, REECARPAEIe
ZEMWMBEL, PEVEBLBEAOBOAZVLORFERALTWADT, FEFOWMEILTL Y
BT, ko THREL, WIRKBLAR2WBI B2 Ln8BLbh3. —F, =—7#BHFKD
DRTCHEBED DHENIED TSRO TREEIRED T Tidh 545, BHOTHEIMEOR 1N 5 H
BLOEL ol EE (1959) BTV E0T, EWECEATEIEEE (W@ K) X
DHENEIDHZ LB ->TIV. ZOXIARBEREECEBAL LTUL, —% 5 BERER o
HE L THWCEAZEESECHERL TW 310D, AERBCAON 38 @EToEOHMEERES
RECKDTHAS. Z0 L5 BERIBOMbGIC BkEML T\ 5 AL BEEPCRS (35 7EH
FRIILIOTARDOAWEYREI I —ER L VB2 LBE LR35, BIbLROAERE
% R. Livingstone (1962)°® MEZELicL ZAILL 3L, AITLATNE DRETRIBD S HAKE
LT EWw). 2Dk ) I ARSI RMHEER B T80 X b 8P O FiEs HT U E R
ARSI REY BB IEE LI/, FAERCADLNS X5, WOOWETL L THEFOWE
MR25 %S MEENBRETHIERBEIBDZ L THB. FET—F ) RERFEI ML TR
BHAEDBEBN TN B Z L eRN1eh, FOFRRRAERCAL SN 2 BEHOMERKLIFN 1 DL L
ThHIFBZLHERE L5 THSB.

5 4. 2 EPHREESOERBRNRIR

RN DITRHbN TV EERPEORM FEL, FLOBERBOBREBZRESCTELNICRER
HFERICL 2D 00% L, LRI TI2HEOEMAIMPOFTE, WKL, WO 2 HAENSE
DYEEEHOZEEBER T 2EANRb o . 20X ) REFHFEILOTORBRED X 5 IE
BOBFEERNBELRG CAHAVIEENR L T35 TIHEIDIRr o tchs, BHED X5 TER
DEFERNREMKENIRD S L IXBHACEP LT3 & ) 72 BER L0 BEHERKESDORS
FERREROTFHEIRB L BHLL TELHETRMRB I AELEE L, RROFER
Lo TRBFLVERH FENLE LIt ot &2 TEER, HEORBFENLDLELT, hhbd
DESBMIBBOHSRM HCEPHIRGCHEE L EMEES X £ BET 5808 B8 T
HBHLPEELI. BRID L5 RELRHT 5D NREBOBEEIRIR v 3 L [
CHERRCHT 2ARTEH2EANC RN IBEL TR LN ET B R LET LA 282
3. ZOXS BRI TEERXETBRECHT2ABTELMIAT S 2 L 2 Licas, EBR
B L TRRECHT2ABTHLEE LY, It ETHEITL TERT S Z LIRS CHREET
HB5DT, BERLLTRbNTWB/PBOKEERIC L 2 FEEHRATAZ L LT
KRRV v 7 Carassius auratus R\, e 7FHRERE L L TE D BT 0l
BRBGEETH D, TEEDCEBLICL ZOTEIVETOILAREERTY, BLAYKFES
FICEIS L Tk T 2 BiERL 370, WAKAOPFTIARRCKT 33 BEREOENRAETSHS
Ar U7 LBRBEBEEADEZVATHLI LA LDEHICLZHDTHS.

EFRBRONAE L LTL

1. BEPCBT 2 AGOEKTTRESRE

2. BRTCRT3RBOTE)

3. BT 3 RBEOITE LEBEHRE

1IXEFAEOMEC IS e 2 KOMKRIC X -T2 bh s KERicay 1 BIFoWke, &
NETFEY Y TANRORIESY, AOMEGL L TOBKERERD. 21 XM#EEOBEE EFK
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MRk, #Efcerr2 AR, TOBKE, ARBOTEOMEEYHRE L. 311, 2 X
PREBRIFBENRK LY, 50m T— T TR, BT 31TEIC OV TEITL -

5 4. 2. 1 BERICHITBAKDOEXTTERRE

BT X - TERBEORECHRE SN AR T LAHMca Bl AZR bR 3T
53705 AWBREREIML T, HBOESRBFREEEE L Qe th FhoBEIRREC %
DEMEHD b, RIITHERTTREOEHEZ R, BACHAGERLOTOATLE). Z0L)
TRRRBIZ 72 % L ERECT 0 2 BHUIEABC L 2REEREOLKIT X - THML, BTy
REBDER D CHEMNRADORICEL THA ). ERBERXH ORI, 2 ABBOET (B
By, BEHLY) ©onThE2 3 XEN L TIINARADOBEOESOLBHDOA X, KSRk
BOMH (FR) wonwTitemz TR LEXETS. - o CHEKTRERI, AT RLIC
12507 #EFEL LTEL %A, TOFMIFROMKLLTo EX, BA#hoO EK:LTo
M, RARGREOBEKL L TORIDERERTLHLIEHFROARTELIN, ThFhOFRKIIA
BRI ZDOMORBEFMHICL > TEE S LELTI. 2 ERTTRIMYRETI2EXDS
BRRICL > TEE 2REITEEED L IFEIBERL, BECL-TEEIEHICOWTL
BALT 2 OB ETEENERL, FHC k- TEE 2T oW TRER, BikER LU KiE
TEDORMELAKMBERLTL 2 THA). ZZTABCEWTUILELEOEZD S bEMIC L -
TEEBZMCOWTERL, HKFRERERDTHRBZ L LT 5.

HIC & - TEE 2WKFTTREEROMICOWTIE, ROEXEEF D b D1R—RICBELIET
RIRMNOITIRS DT, WX VAWKNELEL T2, FICOEKESD 5 bAFCABERIEXE
5 EERNY, BEO—BRMM Ll FEESCE W ER L 3 L EX DN EDT, BicshltE, #%
EOEIEBN L D I Y IACKTEZLEL T3, o THMIT X > TEE 2 BERTERARO ML Z
O KIEEE 21770 5 WA BELAKNELI TR T LMK L EL TRYTHD, FhTMiKE
EHNRAESTH 2 L 2A0b m OIS, FLIEZTHCEWETELIN B THEEDS 2 & L 23
Zrzbh3. ARTIZO L) BRI - TREEEENCRT 2 AIEEREZ TR, KEREES)
sl 2 EFREDO B/ M ZRZE L, ERFTREEAEC O W TR ML THRB L LT 5.

@) EEBREBELHE

EBRKEIL Fig. 8 CRT IS5 CEBT AT v 7 RBORIRK 2 # 2 B EERY AL ER 1
BE Vi3 KBERBEFRAKEOHECKE, WAKRKCESRYESLMN 30mA OEFRET&RM
B LC, MEEMEZEAL L) L T3ERAZRERLDEZ L 2 L. ERAIXT » AME
BWTHEHBE LI 7F AT BRRAWER, FO6RIIEE 4.5~7.3cm, 45 1.3~2.0cm, X
#10.8~1.5cm, {hHE 4~14g Ths. ERHEI2HOMRC L > TKEDOHE 2.5 2.8,
3.1, 3.5, 3.8, 4.2, 4.7, 6.2cm D 8Fb r L, WAIT/KEESENC LS 10, 20, 30cm/sec D
3ERfEL L, KEBTI1RBS O EROBHEZAMGBICE 2 TRER LD ZERE TR, AITKED
BT L TR TLIEL S BRML TV 3%, L3 THk LAY, MEEECERT3. =
e EALYVEGRL, AOUNE A HEER L ESCET FEMCER CER Y LERER Y 5
2%. AIRET? LELEEThACE I TREES TR, ZOK, KBHecKBO
HGEISIETRETH 4%, KRBOLVWHEI—IERERSE Y L - 1ok, [HEBECHZ D, £0
¥ FTEERM A D B OKBATMAECET 3. EBRIX 1 BIOWT 3EFTIR - fedd, A2
FThorORRCEEL T8 Tk T 358 3 LORBESENRORD X B L b Th 3 HELE
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BRfE X b BRSML e

I = B # 2B

e kR Th, B AGRATR L D, SMHEECEREERE LTS L, Fig. 79 1ORT
L5, WTROTBIC IS W Th KRBT O CGEL 3 EIKIERTRECEET 528, AlMOK
WA TIIE E A ERETROSENRE L, I bOBGUIAET O 3 oK MEE L LT250
ENBLH)THB. 2T Fig. 79 WRT LI CHEMO n FOMEENTHD L, I EHD
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Fig. 78. Experimental equipments for the Fig. 79. Relationship between the body width

determination of U-turn motion.

: Iron plate J : Observation hole
: Key L : Battery (12 volt)
: Craduation plate N : End net

and the possibility of U-turn motion

A : Side veiw of the waterway within the waterway.

B : Plane view of the waterway -—: 7-times value of body width

C : Sketch of the experimental equipment o : U-turn is possible (three times)
D : White plastic plate E : Copper wire o : U-turn is possible (one or twice
T : Bare wire (Electrodes) in three times)

G : Glass plate H : Nylon net x : U-turn is impossible (three times)
I

K

M
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Table 40. Chi-square test for the line of the zm-timed body width.

Velocity (cm/sec) | 10 20 30

Range of body width (cm)| 0.7~1.1 1.2~1.5 0.7~1.1 1.2~1.5 0.7~1.1 1.2~1.5
x? 23.74 18.14 13.63 7.15 14.56 16.17

Hho © FOMEEL T3 2HCOWT HEOEROAKY x* REC LY REF L. x* OfFIX
Table 40 IR X 5 IC&T5 BABMTHEEZL R L. o THIHC KT 3 EZREI T E
Mo « EoREHEL LTEETHY, ERIRETE L TIEROGEFAEELTHRE L TEREDSE
WZ EHERLTWS.

5 4. 2. 2 & =

EROWER, ¢ 7 rOFEIREFTREOR/I ML LTHEMO m fFoExBc, RiESHME
BNCEE 2 AN DR, RIEFROR/ID L EBBOdREE L 3 2 —EDBEFRAKILT 5 b
DLEZLNE. - CHEZEOBBRELIFHT 50 Fig. 80 B RT L5 nAIERELI/ERL, Ak
w ABEIILINIC & - TRET S B L E OB OMBERE () LAFOLD2H () ZREL,
Hho w fEOKEHTRETZ2HEOMBEE (R) kM (L) L&hBLL. jck Fig. 80
THECHWE W 32 0RAKEILBEI2E O FEICIEEFL T4 A0 $FED 4 F04H,
W, X 2008 DgELL, W, CTAGEZIFLT W, RBIXh»5LE0 L, r XRELL. ZOfIE
BEMLICENIARRET 2568, ANTAGEZBRCHEBIE3BONTATBHLLWET
b, FAR L > ULThCHEWEBNI TS - TRETIHENEL DN EDT, —IEOER:LLT
200g DHTIHL, ZTOROEBOEMELYRD, RETIHHEOBMERGZGEY BT 2121
feDTH 5.

P UI-fER, #h 0.9~1.5cm OHEDATIL, R/r OEIZ2.7~3.2 L7t b, KEIAEFELT
b5, ZORUBHRCTIABMAERELEVWC LIT/ss, Fig. 79 @Abh 3 X ) KRBADE
BB B L THENO 7 £V BEVCWKBATREL TWAEAERETEVWELDLEL T, K
BT ARENC AL e I EOREE N E I TRET 22 2 b2 bR TI\W. ZhETIR-1

k—— Push

NIAE
")

f— Push

i s

L

Fig. 80. Measuring method of a radius of curvature of
the dorsal line (R, r) and the length of the
body-extension (L, D).

‘W, : Sinker weighing four times the fish weight
W, : Sinker weighing 200g

S : Shifting plate (plastic plate)

G : Graduation plate (plastic plate)
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Fig. 81. Relationship between the body width (B) and
each character on the experiments at waterway
as was shown in Fig. 79 and 80.
The related equations are as follows:
L and B, ( Y: L=nB
R and B, (x—x): R=2.54B—0.68

I and B, (e—e): [=2.34B—0.45

r and B, (e--e): r=0.65 B

ERER L AIEREY Fig. 81 tRT L5k 12o0s 57 CEbT Lk B L R I, r O
TWFhd ERERTEDLIN, FREOHBLENRKLFBLORBCET 5 KEBMIkE s
ZENFEDH BN B. ‘

Hiz Fig. 81 TRU M Lok, &M e B XeicFEodhREF L OBFRR L D, RET
Beloi/ i & T O dhREE L ORFRERD B &

L _ 7B _ B
R 2.54B—06.8 0.81B—0.22

rind. ERwHM 0.9~1.5cm OFEEDAICLTILIHTHS E L/R % 1.50~1.77 L7t b,
KEEFENELIRo T3, L/R ¥ R/r DfERHRTEET L, KEATRE EEERIKRTH?
2, O r EOABTTRELTWSE L ZARAD L, KBMADOREET 3540 i fEric
AT BE 0TI, BLAZRIDVKRTHS Z Lhbdb.

m HRBERCONTUL, hFEFTEARDL (1952)8 s IOVERAK (1959)° DAV =3 DEBIHEE
¥ LORBEBEON — 7 EENCET AR5 525,  ZOMENEGEOES Y HERATRK -1
DTH 5O L TCAROFEIEFEREELY L V) HITd DT, v 7FOEKEENAEOE
P ERYEBL LIV D TELEINEZLER LD THS.  AEOEEIHEREENC b 22/
M EREL b DOTH Y, FAERTEREDOLDTH S DT, LRI TR ZEMIX «#
B LCRLTZ ERTRE TRV ELDNS. tDL 57 7 HhRBEAREFTD 3 BACILT
W, e 7 L BROBER U IHER O BRI, BEIORTL 3BT OWTHBER RO R/
LLT w ORREPEAINE LB 2O ERTREEMOEHRTHIREX, HIK2OWTh, &
WRER LRV MR T ELEINZ b DO LEL LR E. Bk TREER LGN B), R
(L) BIot ﬁ;g (H) Qﬁ%fﬁ’ﬁ- s 75.’%1:7’: 71'3'K(L. H)‘L‘H'B TEz2bN5B. 7tk K., LS
#HE, FRCL-TEEHEKTHS.

5 4. 2. 3 EBPICEIIAROTH

WRETCR T 280 2N LAX ARENHERE T L > T EE 5 HWKTTREREY T




Btk . ERMOREETE 101

, BEFOEXMRELLEL THEXLTWE3DLEL bREM, TErdh3EM LCHEEIES
LBEDORT ZEPEN T Ok N EEL, KPCHLAIN CEEAECHL O bR 3R
5. TDXS B CIIEATTRESEEER LR kT3 LWL HIL kAL, &
DHBERM & PHIC X > TEE 5 REDOEGUE & HNT L > TROBURBIIRE 2 L B2 T
v Tk 5 RBAICI - T WSO ¥ fod ARBBKROBInC AL 5 B F 0 aBTE 0L
DWW TERBRANCRRET L e,

D EBREELHE

EERFAEMIL Fig. 82 KiRT X 5 /x4 BEE/ < Table 41 OfPEFEICRE > THIL E Y EX 140
cm DFRIE, F4 r B0 2MOBELER L. WOERD 2% 2 1-»ERE 45cm Ok
) ¥ 7RO, 0V Y ITEBENCANICABRORHEEILET 2 cd A4 v v B EROR
0.19mm, EA4E 10mm) #REL TRE L. TRBEEOKE~NDR EXBFIET21H) v 270
THCEPERS00g OHILTFERELL. FRAIEAMRT2 » AMEE Lice 75 700 Bx
Wieas, Fo@EENIGE (F.L): 5.0~11.5cm, 4&: 1.4~4.4cm, f&i: 0.8~2.5cm, {45
(ZEhER) 3.4~42.0g Th 5. EBEE T Fig. 83 R+ L5 1c, BELARMETKEORMEL
BE, BEEOMEO) YIS KRRAYEEL, TOWIBEORED F— ) —%2i LT EAHHE 20
kg AAEBCERKLL. c0HE7— ) —MREL120cm, ®BEE118cm Th 5. isHBEATKHE
E5m CED T IBIEIT OW DR e Lic. AOHLANREH: LT, A2BEENICANSS
B LOE@ENL DR EHTHE, ACHRZKETREES 2 VL S CEECRY F-7. A

Platform scale _Zj_

Side view

Water surface

Ring Curr;nt
Net D\q
_é Sinker

75¢cm

140 cm

Plane view %-. !
( 120 cm
«— 200 cm —

Fig. 82. Construction of the drag net. Fig. 83. Experimental equipments of the
drag net used in measuring the
behaviour of a fish school.

L < | |75cm

Table 41. Items about the bag net.

F“ -— \Itim Material of twine Size of mesh l Diameter of twine
Net 1 Nylon 10 mm 0.19 mm
Net 2 Cotton 15 mm 0.68 mm
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BEACAN 2 G BER O LACHRCHOREZRT, ARANCERI L@oRcAK, Eokh
CREBOHEEY L ot RERDHTHAL) Y27 CRELCECTHHONL R, ERKT
% WRAEZRFDLLED, AOPIvAYEROIETC L L L. ERFEEL LTUL, ERALERT
BEGNC DT L TER TN ERANCER I BRITRNS X 5 20 ARTEIOBRE 3 LUHIEY
EhEL T
£ 1. HEBIAHROITEIER
KB RS
ERfE  JBAR BE 5.0~ 6.5cm E¥X 608
G abinhe:Y " 7.0~ 8.5cm n "
REF " 9.0~11.5cm " "
& @ 40, 45, 50, 60, 80cm/sec
T D REREREE 1 R
EBAHE SEREICI0OBSoMBLTIFELL, BSMORLZ2H GF20R) 2HE
BT 8 EDOEREEEL 7.
EB 2. BEIRBOTEHER
EBRE  RE, A e vi@
SEERfL 200, 400, 7TOORE®D 3 ¥
¥ & 20, 40, 60, 80cm/sec
T D 50N 20cm/sec: 74y, 40cm/sec: 64
60cm/sec: 44y, 80cm/sec: 34
EKBRHE  EABIORELY A7 TERBEL, FRICX - TEKIER IOBK
wHZETHZ L L LI

m = B % B
a) FEFAFHOTE

BEROABIL Table 42 1R & 5 C—RICTHDEIMT ML - THW I E R, BOBEICH
Lol b 2 BEOEMT 2 EmEERD bhvic. SWBECHT 3EOBECRL O bh 3 BT
#HRINCENLTNERRY, PEHAREREOHELZTHL, o THRED/NI VRIS SR
PENRDEEZ b D, WCAREETSFECIFL OO bh 2 BEuId v, Z0BgY Table
42 #Xft L1 Fig. 84 Th 2 RRICHBAICH LD b 2 BROBEDERI50 Ba R THEDOH
EEBAGINCHEIL TR B L, /A TIL 45cm/sec, HEIA TIE 60 cm/sec, AEIE T 75
cm/sec Xind. BRERBRICHLOTOhHFEOBHOWME (V) L&E (L) Lo V/L %
KB L, NEETIE 6.5~9.0, HEMATIL 7.1~8.5, KEIFE TIL6.5~8.3 L FDHITHEEI L -
TENFENRI B, 6.5~9.0 DHBEACEES. ZOHEBTWHIEED 6.5~9. 0 Zic Fr.ov & AUt
EAHRR LD, BRIECHFLOT LIS REBCREZ Ly RLTW3. R —EHEy B
£ 2 1o A ORIt 5 AEOBRICIHL 2T b s BROEIRO By RDTLB L,
Fig. 85 ITiR7 X 5 WERECTHR ) OB A BN B2, —&&cEm L LT URGER-D 3
ETRIIHEBE N EEFRIIEL,  EFLABRIFL D0 bh 3 % TORERMIE i O a0 2[4
b5 9PN TREDETELYRL TV EFANRZ . —F, RHEOECHATBROBIEIEL
WOT, BRCHLOT BN L) & LCARO—ARIACIREIh, FHOWEkLED 35458
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550, COBEOEIRIIEL LD, BETCRT 3 ROERBEITEN S 2 b s L 2TK
FUTHE B - THEAD U ITWEL TV 325, MESEL RBRE > TAREDOSHDEN D, %
TR ER IR L —RERCINT VAR L /85, FIRIXEMTERELRD, £ EOERET

BHCHLNSR, FRE e THCind 2 b0bh 58, WIhoBe L BROWY T—HE
Table 42. Number of fish pressed to the net surface of the drag net by the current.
Bracketed numbers show the total number of the experimental fish.

No. (Y;#/’:ég Large sized fish | Middle sized fish| Small sized fish En‘gllrgelr R do{ o ?‘i};

1 40 0 (10 — 0 (10

2 40 —_ 0 6 2 (10) M:4

3 45 — — 9 (18) S:2

4 50 0 @ — 10 (10) L:2

5 50 — 2 ® 10 (100 M: 2

6 60 1 ® — 9 @ L:2 S:1
7 60 — 4 (8 10 (10 M:2

8 80 6 (10 9 (10 —

L : Large sized fish M : Middle sized fish

S : Small sized fish
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§ a // °
o 10f \ —o——o
i 2 1 X 1 1 1 / /o\ o/
40 45 50 60 70 80 . i ,
. 5 10 15 20 25 3055
Veloc1ty cm/sec Elapsed time { minute) 8
Fig. 84. Relationship between the velocity Fig. 85. Change of percentage of the fish
and the percentage of the fish pressed to the net surface in accordance
pressed to the net surface. with the lapsed time.
O——0: Small sized fish ©——@: Large and small sized fish, 40cm/sec

A——nA ¢ Middle sized fish

: Middle and small sized fish, 40cm/sec
O——0: Large sized fish

: Small sized fish, 45cm/sec

: Large and small sized fish, 50cm/sec
: Middle and small sized fish, 50cm/sec
: Large and small sized fish, 60cm/sec
Middle and small sized fish, 60cm/sec
x : Large and middle sized fish, 80cm/sec
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LT3, LALBESBRCHFLOGORE L, BIFEECHAERORS L5, BEc
TSNz, WHHEL LD L WRICHS S QBIHEML, ARCBECTL O b s AR
s 5.

b) EHIABOITE

BRI 200 B2 AN TERLUAHERTIT, MEDE 20 cm/sec DHAITBBAOLIICE - T
BEAEHFCEEY, BMAD L QTAIREREELRNROMEXL T3, 40 cm/sec i©ir % ¥ —
HORBIBFICHT L O b 2 23K OARBIIER L /e - THEON DS FRPISHT TERT 2
By ELNECLER L OMZAIZREL, ZTOEREBCIE HETOHAIMERED bR E. 60cm/
sec [T T B &, —HIIEOMSE L BREOFRI VAITHADERCEML, METTEENICI T
RELSAIRER LD S, LALEOHK, BRICIHLDEOF I S—H0/NUEAK I I T
BEL, BRKCALOT bR 2. 80 cm/sec OBFEE—HOAMAHMEN DEEICIE BT Citbk
LT aftud, 122ALORPBRICHL O bhch, BROBIHTOLHLSc—FEi-
TV L T 2 IRE2EED B e,

MR Y 1% 60 cm/sec T, BEROEHAZ ORBEITR L DU bl B 1 b EIRICIE b4, M@k
W DBERCHT TLETEGTEIE LD 5. 80cm/sec Ttz ® HIROE b2t Fic HZ w7

Cotton net

Fish:0 Fish : 400 Fish:700

20 M5

40€Mfsec

60¢M/sec

80¢M/sec

JUUY

Nylon net
Fish:0 Fish :400 Fish : 700

20%M/sec

40Mfsec

60 M/sec 2 ;

80°M/sec

i

{

Fig. 86. Sketches of the net shapes in various velocities and fish.
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D, MOBHEDSHL <723 LARFCHFI EACETF LTS, COX) B EPOABEOITE S
L OFHEE D DI FED BEMNZ T EFEE S D, M CWE T d O RBEIZ T IUL
BFACHL D b b BEE NS 5. ¥k b b Fig. 86 R X Fig. 87 Rd X 5 WEHIROIE
B2 kE L ey, FECEFIEICE LTS, Fig 87 1354 v viEOREK 700 B, i 80cm/
sec DHEFLDORBAR LIS DTH B4, TOEFRDOEIRDIE L ZDE X ITFEEH HFY 50c mT,

Z DR B AZDOHTKRED O EITEFICHTE S, TOMAC—/H L7 5> TO LD E b\ edi bilifvk
LT 2IRENRFD bIie. FIcZ OFHEOWFOFE LRI EROLE X v 20cm F< /x> T
3.
WMOZT % \Puk Fig. 28 R4 HT, %9 0 HETIL, 60cm/sec F Gk #isg4 %
2%, 80 cm/sec ITEET 5 L AT A NI Hivic. WICEEM AN I A Bk L Tl 5
Z I E OEPUE S 013 D FRRIC O A2 R $0%,  —RICEEROZ I CEPUEII R E 7D,

L Cotton net /
/
3L x
2 A/
i /
)
(o]
1 9//.X
KEO%A
o . ]
x 0 50
©
2 4t Nylon net
(1]
oL
u
o /
[r 3 = o
/
°/
2| )
a
1+ /
o
_D%
0 L ;%o/.//XA:: 1 L 1
50
Velocity  (€Mfec)
Fig. 87. The state of fish at 80cm/sec, Fig. 88. Relationship between the re-
fish number being 700, in the sistance of the net and the velocity
nylon net. under the various number of fish.

A——n: Net only
X x : Numeer of fish, 200
O——-01: 400, O——-10[: 700
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Table 43. Values of n about the resistance of the drag net.

m ﬁéh'\& Cotton net Nylon net
0 1.67 1.58
200 1.73 1.64
400 1.81 1.71
700 1.86 1.77

B0 0BREOEHE L OZBIITHENREL BB EHML, WTFhOBATHHAENRTF I =@
rbhRepzLn@Eodbhic. BIHERR200, 400, 700 BOFHEOYH 60 cm/sec i s} 5 A
E3, WmamcFrhFh 1.19kg, 1.35kg, 1.56kg, -4 » vHTENFh 0.53kg, 0.8kg,
1.25kg r7cb, 80cm/sec DFEHTILAHAMT 3.0kg, 3.4kg, 3.6kg, 74 rvi@T 2.25
kg, 2.5kg, 3.05kg X7 5. Pk 40cm/sec ¢ 60 cm/sec & CIREHEIITRAICELER
L, EROEMIALTLIED LRV, ZHEBEROBECHFL 23 blcd D, SIUHL
D LRI-ABONE THKk L T2 AN, BROBIECX > TEWCEDREBLRE DR T
iy 4 U BHECESE Y 2L dcdb0ThA . EHENZWM TS X FREL LT
3, WENRHEL D, FRABOBMNREL/RE LAPFIOA/BENRBRICHL 2T bR T—EDIEE
BECHBE CHELE - IRBL D, FAEIEECIFL oY bR CTHERBATIERLLS
T HEFINIREE Lo TERYET 21D TH5L3ELbRS.

5. 4. 2. 4 % %=

B OWERAAUT J. Gray (1968)°" 2B NTW3 X 51, WKL DD OITEHETHARBOE
R L > TR—FLTW3S. FRTITe 7 rx AWCCERERCER L cR By 2782 ERL
fo. DFR, ROERBERYEMMOCTR) LR, RKADOERERLZTOF 2R KAOERMC
T AAHCEG IS TREN T2 2 L XRIETH B0, HAR L AR CHIHNT 2 CTEES
R, FOBEKBERNDELEOLEZi1EL b3S, BT 2 AHOTEICOVWTIE
SHFEINT VB, BETCRT 2 AEOTEIC T2 ERIXSETIRLALTT bR TED
T, ZEROBRCOVTH LVHESZRELIE L k-7 BIb

1) AEOHEC L > T, FAHFLKIBOMERBERE L.

(2) BEIFBEHEOKEICHNIE, BLEAIEZR, BECHELOTORS.

3) EHEOBECHFL O b 3BEIIBEFORKRES VG N 5.

&) BEOBECHLOT bh3AREI ENT 2 L, BRIBRCESLZETRETS.

(5) BRENOABRIRIMT 2 1CR - TEBOZ 5 BHLEMNT 5.

PRI EERIASED bR WEAE,  ARTHCERZ AT CERL b L AT R
DELTWBA, FEAHL 5 L MRBROFEACHLAIN BB LD, PRTEROBEC
HLOFbhE. ORI Y EWHETELRE (D~(@). HBOABEIBMT S
r, ABREKERCHELOY bR (3), BEOMERDIZEMLL @), *BEEORG 2EIILE
EOHE L v ARCHMT S (6). R~ THEYHIT B4,  TERBRLHETE L THBRC
BBEOTELERT Lo LABEE LY. HBERERET 2 HE L LI TFRL DI 2 0THR
BROZHSIEEMIFLOT b3 & LTk - TAGIBET 20T, RIERECS @S
COWTCERT I VERL 5.
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5. 4. 2. 5 BMBICHTIRABOITIHELEBENR

BFHORBEHRICONTIBEARLAF 7V eI L 2BEOM, BrOBRRERMALRE L IoKEE
BRI X - TRET S h, RECHE > B E0RD TENICOWTE K O EAME LI TW5. L
HLTHBOFEATIERMOL 5 MY DORICHT 2ADTECOVTREFLIchOREL, B
ENOAEE COBRBRELHL LTOADTEHICOVWTIISL E hIFRIA T, ZOERIX
50m 7 —MCe THERD, FOHI—VOEEDOEECE > ThD TR\ W icfle AW Bl
2 ¥ 2 2T, BIBERENDARETCHELTFEIFE, TOMICKT 2 ABOBM AR
DHIENRLFOFEICOWCERETE L L L

@ EEBREELHE

ERAIILGE, 9~183cm Dr 77 250 BEEMHEL, EBFTIIAKE 60cm £ TEKLIC 50m
7 = .

EREEF ORI 18mm O~=5 s —7%fAV, ZORMEZ 7 LVOERE2ACES L) TH
THELTEE, —HELTHFHEIFETERTI oL L. EZRFEYE FTFe/ru7—C
#HH, —HBWTT—LVICER Ik, 7T—rORRIGECRFESERL TWBREZ RIS 5T
Bi% 0.4m/sec DHEITRERIFETCHEETI L L, EEIIEEHELEZELTC3ELL

Fig. 89. Sketches of the fish movements in the shape variation
of a towing net.
A~1: Process of the movement of the towing rope and
fish. Arrows show the locus of fish.
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fe. ﬁlﬁoﬁ‘ﬁb@ﬁ% HETERIC L 24, 35mm 1fRv 75 25, 8mm BELKC X fFk-
fo. B KERTEREZBLTILCTH - e

am = B & 2

ERHERY Fig. 89-1~1 wRTHEY TIED 5 b 2EIRWFh b REERES B CEREL -
K, ARCRELEEL TRANRET 2HENRED bhic. Fig 89-1 TxFEF7r—r i
MEECHRMAOKE D BB L IAEI, ERELABROBRLCBET2 (A—>C). BEEMmEI Ik
%), ABROICHEACERTZEE (D) Tk, REOETAME AAMCLMrdETSEMLY
RRICAER & ->Tcfk, KESEREL, REOMEE, HIbERECY 2 M RMOHETHM
EHDOHMEH D B L T L AYEART #i+2 (F). ZZTABLRE2 B30 COBE
AT 2RBL 028, Fdin—Hikd, BHMCH-> TRELECETHFACETAEYN
et > TREL ot KNAOSRMcEmMT 2. ZOHSIAORE L YA REIL, Bow
HEcEET 5. ZoRETRs:, WAORMIEBDTEETIOTANOBHBEIIHEL
b, —HOAFIBMLEET 22 (H), 1BLAYXD ABNIRBOEITHME L SO HEH S
DA EEL T BMsMCE-T % (1), Fig. 90 1% Fig. 89-1® (E) »ikfe, Fig. 91 1%
Fig. 89-1 (H) 2% (I) OREBEIEALTRLEDDOT, hihBFCEMLIHER L0
R b RFE TRBIMEINGEH T 2 B E0AROBI X 2HEEHRS L 5 Th 5.

®2EEOXRL Fig. 89-1 wWiRT XK, #H1EEDERLBRKOME@MHR DI, &
DERTX (A) 236 (F) T 1ELRMEZEELT, (G) DEMET fhd T LARNRMEE
BLTRMIMNEH L. AHORMCHT 2782 HTOCRI L TH B L, ARIRELER
T5e—Meln-THEkL, REAMREEASERE TS, WREOMMEISEE » R X

® ®
> (EIAN
2> & )
®
@ m o Scale
)

Fig. 90. Fish movements in the experiment of the towing rope.
Arrows show the general direction of the movement of fish.
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Fig. 91. Fish movements in the experiment of the towing rope.
Arrows show the general direction of the movement of fish.

> THTh 2WHEASBRCK 5 &, ARET2HEH5. RECEML CHETXRFOET
FENIEE S L5 ThY, —RICRML OBMOARNKTHIUIRM, LIS 2 AEIATH
D, EFLEBEEIRIEGCERLhOFACEBEL, —ROROREL LSS, PBRT—HLK-
THRTER L 5.

5. 4. 2.6 % Z

— MR AIEEY D L 11h 2 Bic- CREICHEET 2 L EBRHELRBIN T, Bio-1cfT8%
LEFENERBTHS. AORREIGEN, R WX BERN RN, REBBXEERL
5. EBHORBCAZEBL CHECRIRMBEERT 2BHIL, LELOHEBREDO S brbiNs
IORBIBR A 5T 2 2 LAHRS. ERBPOH IR 3o L0 BT X - T BT Rl X
i, REBERNCABE KRB SNE0OT, BREL ChLORBL IERIBERCHY, RITHRR
RIBIRBC L > TEERREIZRLTW2302E:2bh 5. ARTRABLICAROTENCRET
ZERIELLTERC L > TOERIINITHLBREL LI OT, KREES LOHERICOW
TIERLSDOBELFET 2 2 L DL S ERE - T

ARERORIT RERITinbhic ABTBICEET 2 KITERP EFBEOBRL —BT 25 A%
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W BIBKEERTI, HA - BE (1929)° ofBoFE5 (5, HA - £H (1928)°Y, (1933)°° @
AFRNECHS - By HECO\WT, #7c Blaxter, Parrish, Dickson (1964)° o K5
HEDTFEICOWT, AERTHIFCILIBERERB ORI, FLEBCAFF v el XORKETE
EHZ L - Dickson (1959)°% DRI T3 ADITENCOWT, I8 L OFEE « BEH « (LA « gTHE
(1954)°® O—% 5 HESRORMMOFRICONWTB LN BABEREIAEROBRY SBRER IS
%5 ETHEDTMIEN S 5. HEEBEOIIL ALBELL > T—2 S BERBEORMOE X 2Bl
L, BMOB)E s L0 FOBBIHEN BB O BE s L ARCEEFRT 2 2 L& RT3 0icy
L, ZEROHZEL, ERENRKKATSLZA, AENREREINCEHET 2 ORI L A LT
IR - TcFET, LR T 2 AAEREORENMBE ICIY T 2 Bl Th 5 L ORREL B
ZHDOWEDOERITATEC L » TI—BENREEIh 2 Z 23 bh, Hic—% 5 RERED
REZBHAT 2 LTEERMTREY 52 T0350LEEINS.

VI # b

AIEETERNT, RAPBEOERFERETHREA VO TW3 RENT 3EOERMCONT,
ZOREOYBEMEREZERERIC LY, FTLZhLThoORM L ERBEORBLELREER YD
FEHTL T L 7chs, ThbOBTOBRITRBCTHEST 2 ERBLBIRT 2580, RlitkiED
BHICRMRERELZI T 2850 CEE M L 30 E2 b 3. HLBRECESER
BB HAKIR 1,000 m B DREET, TOWEFBRIIFHEL SO BEE, 53 WITEOHK
ETHEMILREEYET 2P0 ETRS. EChbOBECHEET 2ARIIEKE, AREE,
B EE S DL RBRMGIEN TR B0 & RROWS L BERENEL IBET 2 HE1E -
DT, 3 RGTORECHHL2BEOERRLEAT 2, FHERERREL TLEMkLE
DHDETHIeDITIE, BEOBIHE LIOCERAZ VAT TIUS L WS ORSEA I s A NE L 7r
2T ThH%. £ TARETRRGOREFMECHES L BlEEREORIToOWT Bfmitis
gramidd s L e, EREZRCETAMERRIEEL TERE T 3.

FTRBORBFBCHICT 2 ERFEOBRCOVTL, SFEURBECHZE LIRS OSERMEL
BAKR CRICEAERE LB B ISRl bESEYRETNEThH 5. oA BOHKE X
LRORS, RNERLWHEER AR APEEESIThEREERBRCH 3. HIbERBO
RBOAKICIEOPREIORLEL, BEROESR e —ViB%, ABREENRAT, HEKEO
SR EBL AR HAHBEASRACHEE 2 -2 ) REREDL LA ARBOEV-F 55
EREEZRATRETHA5. ¥ HACESBOBEEC X - T EEAFECHRERL D, BER
ROKREIZ L > TEREHRL VI DDHEDT, RPOWEMRMAC L > TIRAT 2ERBEORE
FrEDDLRBLETHS. —RICKENEL, BEBRIETS2RETE, B0 BMEE
ABKTHY, MFCABMOBZEA— Yy 2EMBL TS b e —fl, KEREL, BEPHERL
IREBRISBEBRORB T, RUBMEZAL, REEHENEN L, BEBRCHETERET -
LOFREE—E ) RERENRBEL T30 2EL bR, BEF ) BESHEIREACRKORE
BBk LORB T RENRRETE, T @RAENRKTH B DT, KE 150 m MR OFHEin ks
DHRTERTRETEH 258, AT L > UXbORB L b REBEEDOE W BENLZ DT, KB LD
BECREZABCISCTERBELRETNE T 5.

RCHERERFELREITL, ChiERNCERTIHA0EAWAERL L TROBENST
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(1) BREEEERE
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REOBERMERBIIRE~BITT2EMCH 308, REBRECETHEL L2 01X, S0
WHOER, FXREOLEETHLS. BMOEHIEEYOEIIIEVIE RO L ERIT M
L, FMoBiEnEZERBECEZbbRVOTERELILBRI S bhb30L Exbhb.
BERPEORMOERE 2B L, 3 br—ETIX EROEDTEV 0. B CKHER 963 kg)
RO TR EBE LY, FLFECIILBRYEVE 40mm §i%o Comb. R
(E2.0) 2AVWTESROREYEH > T\ 3205, flckill CRfoghRsoRX, bF
WOEINRBELEIVOT, ik LOKFHTOREOBIEIEEACEL I S - THCE
TR LEL B-DIREEALEL TS, it 0. B 0BEYEL LTEHLYLERCE > THEE
HWELDTEIDLENRSS. BHE 0. B gAIMER 3 L0RNERINWTEY, 0. B 0EEH
BIIHAEEETTTETH S, 0. B ORENOAT ERHMCIIBERS 50T, REHRED
£ 0. B I FEHOBEROHMEYEH 32X, ZOMRBIOEIXHRETSH, LA
FLWAROERYOREYEZ 2 THA ). *ofif@ic il < &R Bis 0. B i
) »idEL, FEHRECHEITEL RIE[MNSLZDT, 0. B BHEOERMEM MHOR
WhH, vAvFEHIZOHACOWCREILS, 0. B 0BT 55, T3 FME
EL{LTO.B HREEL LB L ICTHREBRNIRETHA).

CEIBEREORMIVAvr—r—7L Comb. R OfFL /D, HHh&IITEEOERE
5 100~200m fRtc stV 4 ¥ —r —7OWPH S, o TRMOBEHEIVA Y —r—T7D1
e Comb. R DA&EBRE->TWaZ ticics. Z® Comb. R NF X% 400~500m &b K50
T, MOBEREEECEZLLTRIITELIREBTEREINTWE LELTIW. Ll ie—
D 0. B 0k 3 mEBEEMYBHEOTHCEE L L\VOT, HHEDOHERFOIDN Y DRDOY
A¥—u—TERELTE. EhoREIRS IOCREOEIATERENRKE { Ao ERCE
W kanh, 150 m BIEORBICK T 2HBECIIRED L Z AERL B, Bt T150m DERFT
PP S By, BRIRIOVAYFEBAIRARC L CRERZREL & 30,  TIXEHRS
Ba AW TRENCEEOEMEE P VA Y—n—TDOEFE L - TL 52 LR BETH
3.

B FEL L TELBREIDOR, VAY¥Y—m—70 KbEIC ERBYE BMLT V4 ¥—
B —TEREELEFETRLD B HE, VA4 v—nr— 7 OKPRPTIESR 2R F OEH A F A
LCYAY—u—7%EhE LD FEERE5, WTFTRILTH VA ¥—a — 7 OKFHTD
EHAEINT 5 = LiRhis\ . St SHERBEKE 150m Tk 256 m L7x b, br—AEOK26HG
Y ) RN A. Z ORI R BEBROBE TIANLRER L EL 22, RERBIEEE
RR—BCERETH 2 DT, BEOCEMTIRECIEHCRBCEEY O 2-NNRE B0
RO L ThHD. o T TRRMRELREL TRl 22, FRIEEY L2 EHREH
X2 L5 RO FEEETILENRLS. #REZT) RERMELRERFECERTIHE,
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R, BEIB IOV A Y FRIEZKRCT 3 & AIRICED S OMHER 38 L O SRR G OB A
PETHA.

—Z ) REREIEC LR L TRIRVCRELLEL L, RO SITHE 3 20 REE
SFBZEREEL. o THICERRDOARACOWTEL L, RFAOKAZOMCHEMERY
hOBEBOBVEM (Bl ivAv—r—7, Comb. R) #EERLDIIINZ LIRS, L
LEREIRE SE0OBRBcHE: TTOoBRBRRENL, AFLBOMHECHEERLDEHDT
55DT, BEOH X ORTHEORE 2 Bl ERL THW2 & L1k BEOBIROEREN L
FRESE LD O X 3O THERS 5. B LAHEOHE KM DA, 16 mm FD Comb. R
PEMELTRAL TV X5, BNk THRA—MHORMEL V2 5RO EEEE
ROBELEEFECT B ENLBETH S LEX 5. ZOHERMO B & B0 BB TR
L ORFLBHOMEHRO[NCOENLT, BEHRCHET 2 BMOTROHFHHALIBEL T
FRETHB.

BEOEHH L ARORELHR L OBRIBD THEETLD, RMEC L > UEBREBEIR AT
BRI BN IR BEOEEOB WE L - CHODR ATk T 2 LIt 3.

b e —VRETCIIRAO BRI 100 m X2 5 2 LT LA Wy, 5.3 4 CHRICR - &
532mOFIEEF TS 0. B itk ->TEEL VDKL LD 3mPAso AR TR FicER
HeLHLIh2BDLBLIE. Z0X5Kc 0. B OFERMC IS ORBE R TEN ) T
, REOMBIBENIHYHREILOTIOLELOREZDT, tr—AiE0EEL 0. B 0Fx
FECEDS L5 ThE, BECHpRETHA5.

RIZ b r—VEDADORECRAZ AV 2 EOBAIT, RECEOETHECY L TG B
BLDEL LT3 0. BROLDBEETEOTIXL, MehDEX (D L dmmicmBn
HERLTWEHEI) 2B TREAOBHBYYBECECREOT M EE T, BEIVLHZE
SCHLARLBOMNECHEIREZ LRTRLLETEHAS. OBE, FORMITEED
REOEEZHRZ LEITHER LDV L S InE8 e T2 2 L AESRHL 3. BEYSRFACE
ELCABYEME LD 3EZDFHITE 5.

25 REREOHE, 0k hBRERACREYYIRAT 3 LT, £0EEERNL Comb.
R oo 2ics DT, Comb. R BERMACEIIEL TI VW Licinh, HiRENTELL
ThAHS.

—% 5 RELEIRBCKL > TFHEABRCHEYBECEHEL Tk E, RMAOKEIC L
S TREEHBETIRETHL0T, HOAEILYAYFERHDOHET2HEANTHRZEGE
VEHC L > TEIYVAVEREED 2 L5 CREYEHE LD L RNEE L. 0BE, 2F
DEHNHEL B0, BERLIc X 5 CBREMRD S 2 HANTHR 2 T EO/N S By BET
L, IOV RCRELERTLZLHREOT, LVBEVRS CTORENRTRELLSS. ik
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BHRORE, EROME WXOBREECIERBREOHMEHREK LAL—K RE=N
K, BE—FR HBEREREZR BFA=ET0K SERER REARER WEXER E2R0K
AIE—CR, HEPHEE RS IORBRFEOMGH 2B, el TRBHOBELET 2
KETH 5.

Summary

The three representative trawling nets which have been used in the trawl
fishery of Japan are trawl net, bull trawl net and Danish seine; each of which
having its own proper features in the net-construction and fishing tactics (Table 1).

First, in trawl net, the length of towing rope is the shortest of the three nets,
but the net mouth is made to be opened widely by the net-expansive power of
the otter-boards attached at the middle of the towing rope. Accordingly, the
ground-touching-point of the towing rope is equal to that of the otter-board. And,
as the net-side half of towing rope, or hand rope playing the part of gathering
the fish schools is used the heavy combination rope, the length of which being
shorter than that of other trawling nets. The net is connected by a comparative-
ly long pendant from the hand rope, and the lengths of the wing net and the
head rope are shorter than those in other nets; but the net mouth is expanded
conspicuously by the increase of the net area through the adoption of the six
parts net and by the enhancement of buoyancy through the attachment of a lot
of floats.

Next, bull trawl net is towed for a comparatively long time by two fishing
boats with a constant space-distance, by which is determined the wing nets
interval. And its combination rope is comparatively long. The ground-touching-
point of the towing rope is upon the wire near the point where the wire and the
combination rope are connected. The wing nets consist of the two parts, the
large mesh sized wing part, and the small mesh sized wing part. The length of
wing net is somewhat longer than that of trawl net; while the length of trunk
net is apt to be rather more shortened. Owing to the wide net, the amount of
the floats is almost similar to that of trawl net.

In the Danish seine, the towing rope is spread over the sea bottom in a squa-
reshape to make the fish school in the towing rope gathered in front of the net
mouth, gradually; hence, it is needed to have the longest towing rope. Moreover,
the movement of the towing rope has the direct relationship with the effects
gathering fish school; on the consideration of these effects, the measure and the
towing speed of the towing rope and net are fixed. In the operation, the towing
speed is comparatively low; and this slow speed in the towing has made it
convenient not only to make the diameter of the netting twine small, but also
to make the head rope, ground rope, floats and sinkers as slight and small sized
as possible. And these conditions may be enable this net to exert the highest
effect for fishing, in spite of its slow speed.

In adopting these trawling nets as fishing instruments over the actual fishing
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ground, it is necessary for us to select the net construction which will enable
us to have the highest fishing effects, in consideration of the various conditions
of the fishing ground. Especially, recently, on account of the substitution of the
flat and shallow sea fishing ground for the deep sea fishing ground, the necessity
of such a selection has been being exceedingly stressed. But hitherto, there has
been quite few studies making comparative analyses on the constructions and
tactics of the trawling net which is to be operated on the fishing ground under
the various natural conditions.

Hence in this study, the following items have been researched; first, experi-
mental and operational researches on the respective fishing instruments and fishing
techniques enumerated from the operation records of the mother shipped trawl
fishery on the fishing ground in the Bering Sea, where many kinds of trawling
net have been used in group (Fig. 2, Table 2, 3); second, theoretical analyses of
their relationships with the catching effects; last, some working suggestions
about the preparatory drawing of the original design, concerning the highly
effective trawling net.

The results obtained are as in the following.

I. The drawing of the operation tracks of the fishing boats measured by Radar; and
the measuring of the sweeping areas of the towing ropes and nets.

The positions of the respective fishing boats under operation have been spotted
successively by the Radar set in the mother ship. On the other hand, through
the model experiments, some analyses have been done on the movements of the
trawling nets during the term from towing-in to hauling-up.

As the results of the above mentioned procedures, as to the trawling net which
is to be trawled, the ‘intervals’ of the ground-touching-point of the towing ropes
which are quite significant in gathering the fish schools, have been fixed as in
the following; in the bull trawl net, it is 256 m. (Fig. 10), being widest of the
three; in trawl net, 123m. in the average (Fig. 5); and in case of the Danish
seine in which the interval is under the successive variations during the towing
at the beginning of the towing, it is 1245 m. in the average, 40 minutes after the
commencement of the towing, it reduces to 40 m. gradually until the towing ropes
come to be gathered together, running almost parallel (Fig. 19, Table 10). The
interval between the wing ends is 45m. (Fig. 10) in case of the bull trawl net,
the fishing boats interval being 400 m.; while in trawl net, it shows the average
count of 30m. (Fig. 5). In case of the Danish seine, the interval between the
wing ends is 63m. at the beginning of the operation, showing like a straight line,
but, with the lapse of time, this interval becomes narrower gradually, reaching
61m. While the net is being lifted, a sudden narrowing takes place, and the
interval becomes 7m. (Fig. 20) at 10 minutes after detaching of the net from the
sea bottom.

The sweeping area of the towing rope is to be expressed by multiplied value
of the ground-touching interval of two rope by the towing distance (in case of
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trawl net, and bull trawl net) or by the area encircled by the towing ropes
spread over the sea bottom (in case of the Danish seine).

The sweeping areas are arranged as in the following order; namely, 119X10‘m?
in bull trawl net, (110~102) x10'm? (Fig. 14), in Danish seine, and (61, 77) x10‘m?
in trawl net.

As to the towing speed, it is highest in the trawler, showing 3.4 knot in case
of the stern trawler, 2.7 knot in the side trawler, and 2.5 knot in the bull trawler.
In case of the Danish seine, the towing speed varies with the lapse of time during
the towing (20 minutes); it shows 1.31 knot in the average, which is the lowest
of the three (Fig. 15, 16). But in case of the Danish seine, it happens that the
towing speed does not coincide with the net speed. Then, basing on the results
obtained by Radar-spotting, some model experiments were done in order to find
the change of net speed. It was ascertained that the net speed increased from
zero to 1.24 knot during the setting and the towing of net and that it increased
from 1.66 knot to 2.0 knot during the net-hauling hours.

II. Characteristics of three kinds of trawling nets

In this study, all the analyses of the capacity of the trawl net as the fishing
instrument, have been carried out in accordance with the model nets (reducing
scale ratio 1/35) made up, basing on Dr. Tauchi's comparative methods. The
items adopted and examined in measuring the availability of the trawl net are
as in the following; namely, central height of the net mouth, the shape of the
net mouth, net shaping, net resistance, and the filtering volume of the towing
net.

Some comparative examinations concerned the respective net shall be reported
on the above mentioned items in the following.

The height of the central net mouth: In the trawl net, as the area of the triangled
webbing is big enough to add the effect of buoyancy on to the net expansive
power coming from the webbing itself, its height reaches the highest point,
marking 3.8~3.9m. under the ordinary towing conditions (Fig. 24, 29). In case
of the bull trawl net, as the area of the triangled webbing is quite small, its
height becomes lower than that of the trawl net, marking 3. 5m., under the constant
towing state (Fig. 35). In the Danish seine, as the webbing area near the net
mouth is wide enough, the height of the net mouth is almost constant through
the expansion of the webbing basis. But, owing to the little buoyancy, it is lower
in height than in any other nets. As the net speed and the interval between the
wing-ends fluctuate, the height of the net mouth is uncertain, varying within
the range about 2.0~5.2m. (Fig. 41, 43, 49, 51).

Net shaping: The net shaping near the mouth varies in accordance with the
width of the webbing of the triangled net and the amount of floats. This tend-
ency was ascertained to be remarkable at the time when the net was put under
the low speed. In case of the trawl net and the Danish seine, given a speed, the
net opens in the right angle against the current, but the bull trawl net does not



Bt : EEHAROD Sk hE -

open so conspicuously.

In case of the bull trawl net in which the webbing of the triangled net is small
but has a lot of floats, the front edge of the square part is pushed upward at the
time when the speed is slow; but when the speed is beyond 2.0 knot, such a
thrusting part of the front edge disappears and the square part shows a net
shape paralleled to the bottom of the sea.

Resistance: The whole resistance of the net increases generally in proportion
to the square of the towing speed. Then, the resistance value is the highest in
the trawl net (Fig. 26, 31). Concerning the value of (n) in the general equation,
which shows the relationship between the resistance (R) and the towing speed
(V): R=KV", it is highest in the trawl net, marking 1.66~1.99 (Table 15, 16);
the next comes that of the bull trawl net, marking 1.33~1.52 (Table 19); and
the third is that of the Danish seine, marking 1.27~1.65 (Table 25, 27). The
resistance value in the ordinary towing condition is 2.7 ton to 4.2 ton in the trawl
net; 2.2 ton in the bull trawl net; 0.65 ton to 1.34 ton in the Danish seine,
respectively.

Filtering volume of the towing net: The change of filtering volume in various
speed is unique in the respective net. In case of the trawl net, the increase in
speed is followed by a sudden increase of volume, reaching its maximum when
the speed is beyond 4.0 knot. When the interval between the wing ends is 40m.,
it shows 900x10°m?® in 4.0 knot (Fig. 28, 33). In the bull trawler, the volume is
on a rapid increase, until the speed is about 1.5 knot, but beyond that speed, the
volume changes into a slow increase. When it reaches 2.5 knot, at whichever
interval between the wing ends, the volume is apt to be fixed, or be lessening,
gradually (Fig. 39). In case of the Danish seine, the curve showing the increas-
ing of the volume is apt to be fixed at the space between the two curves of
the trawl net and the bull trawl net. And the narrower is the interval, the
smaller becomes the volume (Fig. 48, 56).

The volume of the respective net under the usual ordinary towing condition is
(515, 667) x10°m?® in case of the trawl net; 546 X10°m?® in case of the bull trawl
net, and (183, 223) X10°m® in case of the Danish seine (Fig. 55).

III. Fishing efficiency

The fishing efficiency has been expressed by marking the catch per unit effort
(C.P.U.E.) asitsindices; but in this study, the indices for fishing efficiency are
expressed by the catch per unit working area or working volume of the fishing
net.

Here what is called the working area means the sweeping area by the towing
rope which plays the part of gathering the fish school on to the net; and what
is called the working volume means the filtering volume of water mass which
plays the part of inducing the fish school into the net; hence, the indices of the
fishing efficiency of one trawling net are to be represented, in case of the towing
rope, by catch per sweeping area of the towing rope (C.P.S.A.) and in case of
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the trawling net itself, by catch per filtering volume of the towing net (C.P.F.
V.). ‘

But, since such a fishing efficiency covers comparatively wide range of values,
the comparison of the fishing efficiency is to be made by using the regression
line which represents the relationship between the catch per area (or volume)
and the catch of one towing.

First, the fishing efficiency by the towing rope is the most excellent in case of the
trawl net, which is followed by the Danish seine, and the bull trawl net (Fig. 58).

Such an excellency of the catching of the towing rope of the trawl net is
supposed to be due to the following fact, that the otter-board playing the part
of the ground-touching-point is in possession of the height 3.2m.; which is high
enough to make the fish school swimming within the height be driven on to the
wing nets.

Next, as to the fishing efficiency of the trawling net, itself, Danish seine is the
most excellent; while, between the trawl net and the bull trawl net there is
almost no difference in the faculties. The reason why the fishing efficiency of
the Danish seine is so excellent is supposed as in the following; namely, the
central height of the net mouth, at the time when the fish school is on the point
of entering into the net, in other words, at the time when the interval between
the two towing ropes is shortened extermely, is higher than that in the other
towing net; moreover, the net shaping near the net mouth widens sideways
under the effects by the triangled net, and the fish school is most apt to be
enticed (Fig. 59).

The total catch is the largest in the trawl net, and the catch per one towing
net is bigger than that seen in any other net; but the speed of the towing is
very high and it makes the towing power needed enormous; consequently, the
catch by the one unit of filtering volume is made to be less than that of the
Danish seine.

In short, the fishing capability of the towing rope is the most excellent in
trawl net for the reason that the collecting power of the otter-board with the
height 3.2m. is larger than in case of any other towing nets.

And as to the fishing efficiency of the net, the most excellent one is to be seen
in case of the Danish seine, the reason of whichis as in the following; namely,
the figure of the net mouth from which the fish school enter is far more excellent
than those in any other net.

IV. Experimental analysis about the fundamental problems on the net design

In the preceding chapters, some experimental analyses have been described on
the characteristics of three sorts of net, with the comparative examinations of
them, and on their fishing efficiency. In this chapter, basing on the analytic
examinations of these actual nets, the following problems about the drawing of
the net design are put under the possible solution, with the aid of the experimental
analyses.
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a) Physical characteristics of the fundamental three sorts of trawling net having the

different compositions of net-webbing

The nets put under the experiments were three types of construction; the net
consisted of two pieces, the baiting and the belly; 4 pieces net, made by adding
two side panel to the 2 pieces net; and 6 pieces constructed net, made by adding
triangled nets to the 4 pieces net. The experiments of these nets were made in
the same methods as were described in above (Fig. 63).

The experiments were resulted as in the following; namely, as to the central
height of the net-mouth, the 6 pieces constructed net with ample amount of buoys
(the total buoyancy 300kg.) is highest; and this is followed by 4 pieces net and
2 pieces net. This tendency appears particularly conspicuously when the speed
is over 2.0 knot (Fig. 64, 65).

The net shaping of such trawl net as 4 pieces net or as 6 pieces net having a
wide webbing area near the net-mouth, was seen to be fluctuating considerably,
owing to the speed of the net and the buoyancy of the buoys.

In other words, when the net is moved, the webbing near the net-mouth is
widened side ways, owing to the resistance, making the height of head rope
reduced; but, under the increased speed, the net shaping near the net mouth
becomes stable at the point where a balance is got between the resistance of the
net and the buoyancy of the buoys (Fig. 66).

But, in case when the buoyancy is small (about 150kg.) the height of the 6
pieces net is less than that of 4 pieces net. The expansion effect of the triangled
net and the reducing of the height of the net mouth seem to appear conspicuously
when the buoyancy is in small amount and the speed is slowed down.

The height of the net mouth of the 2 pieces net is lower than that in any
other nets. And, when the interval between the wing ends is short and the
buoyancy is little, the height-difference against the other nets is apt to be de-
creased. Accordingly, in order to operate to make the height of the net mouth fit
for the swimming layer of the respective fish to catch, it is necessary for us to
draw the design of net so that we may utilize the respective features of the net
webbing. In this case, the increase of the net webbing area is inevitably accom-
panied by the increase of the net webbing resistance; hence, in drawing the
trawling net design, it is needed to consider about the relationship between the
main-engine power of the fishing boat and the power of winch to haul.

b) Current velocity distribution inside and outside of the net

Basing on the assumption that the current velocity distribution inside the net
is closely related with the formation of the net shaping, and that it may be the
factor to determine the behaviour of the fish school entering the net, the author
designed a model 4 pieces net basing on the practical net webbing, and the current
distributions in the inner space and outer one of this net were measured through
the water tank experiment (Fig. 72, 77).

The experiments resulted as in the following: In comparison with the current
velocity in front of the net mouth, the current velocity inside the net shows the
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value, ranging 81~125%, almost all of which shows the value beyond 100 %; the
current velocity near the outside varies the range 25~113%; almost all of which
shows the value below 100%.

The speed behind the net is 32~117 %, almost all of which shows the value
below 100% (Fig. 74, 75).

The phenomenon that the current velocity inside the net is higher than that
in front of the net mouth, can be confirmed by the observations of the stream
line, done simultaneously with the measuring of the current velocity.

That is to say that the stream line which runs into the net from the net
mouth flows along the inside of the net, and that when such a flow as this runs
along the whole circumference of the net, the current velocity is accelerated
(Fig. 77). And, it is expected to entice the entering fish into the net and to
reduce the resistance of the net and, in the results, to give the net the excellent
instrumentality in fishing.

Hereby, after the theoretical analysis has been done on the current velocity in
the net, the experimental formula relating the current velocity (V) with the net
shaping is to be formed as in the following;

AV o= (A= AV

A+CS sin 6

V=

Here, V, is the current velocity in front of the net mouth; V' is the mean
current velocity outside the net; 4, and A4 is the sectional area at the net mouth
and at any position of the net respectively; C is the coefficient of the current
velocity in passing through the mesh; S is the area of the whole mesh through
which the water passes, § is the angle of the net surface against the running
water. S A, 6 and 4, can be measured from the original drawing of the net
construction design; ¥’ from the actual measuring: C is the coefficient which is
to be determined by the quality of the material of the twine, the diameter of the
twine, and the mesh size (Fig. 76).

¢) Fish-school behaviour to the fishing net

When we are going to draw the fishing net designs with the intention of
improving the fishing technique, one of the most fundamental points to be known
is the behaviour of the fish school to the fishing net.

But in case of trawling net, it is extremely difficult to observe the fish school
behavoiur to the fishing gears.

Consequently, in this experiment, using gold fish Carassius auratus as the experi-
mental fish, the following observations were carried out, the result of which is
to be reported in the following.

(1) The space in which the fish can swim in the bag net

(2) Fish school behaviour in the bag net

(3) Fish school behaviour to the towing rope

(1) The space in which the fish can swin in the bag net
The fish which are under swimming, move, stop, and make U-turn motions with
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the bodies swaying to the right and left, must need a swimming space in which
fish of various shapes shall be free. Accordingly, the fish school trapped into
the catching part of the trawl net, in accordance with the increase of the amount
of the trapped fish school, become deprived of even the smallest swimming space
within which the respective fish can swim, until they are enforced to become
important for swimming.

And then they are pushed on to the net end by the current. At this stage,
there appears the net resistance increasing which is foliowed not only by the
decreasing in the towing speed, but also by the deformations of the net shaping
and the net mouth, and, at last, by the decrease of the fish school entering into
the net. Hence, some experiments were done in order to fix the space in which
the fish school can swim in the bag net, for the purpose of making some original

drawing fit to prevent the net capacity from being weakened even when a big
fish school enters the net.

Experiment :

The swimming width was counted by making the fish body turn in the water,
a water route being prepared by setting two sheets of plastic at the bottom of
the circulation tank; and at the end of the waterway, gold fish with the total
length 4.5~7.3cm., body width 0.8~1.5cm., body height 1.3~2. 0 cm. were set free
into the current running against them. The U-turn motion of the fish body was
induced by stimulation of the electric shock at the end of the swimming route,
or by discharging the electricity at the time when the front tip of the fish head
came into the line of the electric poles (Fig. 78).

Results:

As to the width of the fish body, it was ascertained that the U-turn motion
was possible in the water way having the width more than times of the fish
body, and the U-turn motion was almost impossible in the water way narrower
than z times of the body width (B). As to the swimming distance and swimming
height in relation with the total length (L) and body height (H), it is supposed
to be expressed by the cumulative effects of the biological and ecological ele-
ments; and the minimum swimming space of the respective fish is to be given
n*K, L. H. B.

By the way, it may be taken for granted that when the fish makes the ‘U-turn’
motions, the motion is generally a rounding motion; and the interval of the water
way necessary for the U-turn motion, namely, the relationship of the space in
which the U-turn is possible (L) and the radius of the curvature of the bent body
(R), is to be sought by the following formula.

L _ B
R~ 0.18B—0.22

Thus it is not impossible to get the largest space in which the swimming is
possible; accordingly, the cod end, or bag net designs should be drawn with the

considerations of the following items; namely, the anticipated amount of the
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catches, the bodily conditions of the sort of the fish and the net towing speed.

(2) Fish school behaviour in the bag net

The fish school trapped into the cod end of the trawling net, on account of the
constantly towed state of the net itself, come to be enforced to take the postures
consisting of the forward and backward motion, inversion, and cessation. While
it was assumed that such a swimming motion as this was considered to be
varying, in accordance with the varieties of the fish sorts, body shapes and the
catches amount. In the experimental water tank, the fish school divided according
to the body size, and the number were discharged into the two sorts of net with
the different net webbing; and the fish school behaviours in the bag nets were
brought into considerations (Fig. 83).

First, in the experiments made in accordance with the variations of the body
shape, gold fish school were divided into the three groups; namely, small sized,
middle sized, and big sized; each of which consists of 60 fish, and those groups
were discharged respectively into the bag net; and for an hour, the velocity 40~
80 cm/sec was given to the water.

Consequently, it was confirmed that the velocity at the time when the fish
bodies were pushed to the end of the bag net, could be determined: it might be
fixed in the following range: in case of the small sized fish, (total length) LX
(6.5~9.0) cm/sec; in that of the middle sized fish, Lx (7.1~8.5) cm/sec; in that
of the big sized fish, Lx (6.5~8.3)cm/sec.

The degree of the sensitivity to speed seems to be varied in accordance with
the varieties in the body size; and the speed, (in the case when the percentage
of the fish pushed on to the bag end to the whole amount of the fish school is
509) was 45 cm/sec, in the small sized fish; 60 cm/sec, in the middle sized fish;
and 75 cm/sec, in the big sized fish; respectively, it was confirmed, too, that the
smaller was the fish size, the bigger was the influence coming on to the speed
(Table 42, Fig. 84).

Next, in the experiments carried out in accordance with the fish amount (num-
ber), gold fish school were divided into the three groups, numbering 200, 400 and
700, and the experiment were carried out, as in case of the experiment made in
accordance with the body size, in the current of the speed being 40~80cm/sec.
As the result; it was confirmed that the fish school behaviour in the bag net
under the respective speed was clearly distinguished; namely at 60 cm/sec the
fish groups began to be divided into two groups, staionary one and the one being
pushed to the bag end, and at the current velocity 80cm/sec, almost all the fish
came to be pushed on to the cod end. This state became the more conspicuous
in right proportion with the increase of the catches, which was to be led to the
change in the net shaping especially, the net shaping at the bag end being quite
conspicuous; it was confirmed that the increase in the number of the pushed fish
was inevitably accompanied not only by the mushroomlike swelling-up of the cod
end but also by the sudden increase in the net resistance.

The above mentioned two experiments suggest that net shaping and net resistance
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vary in accordance with the fish body size, the amount of the trapped fish, and
the towing speed; accordingly, in the drawing of the bag net design, it was
assumed to be essential to draw it under the considerations of the biological
conditions of the fishing ground (Fig. 88).

(3) Fish school behaviour to the towing rope

Into the pool (50m. long), 250 gold fish with the body length 9~13cm. were set
free, and the manila rope with 18 mm. diameter was used for a towing rope.

The towing rope was spread all over the floor of the pool, and it was pulled on
to the end of the pool with the towing speed of 0.4 m/sec, and the behaviour of
the fish school against the towing rope was observed (Fig. 89).

In the experiment, the gold fish were observed to form groups in accordance
with the restricting movements of the both towing ropes, making a circling
movement anticlockwise, and gradually to be gathered in front of the curved part
of the towing rope. When both the towing ropes restricted themselves extremely,
these fish schools were apt to flee away out of the towing rope over the curved
central part.

While, at the midst of the restricting movements of both the towing ropes,
there were some fish fleeing out away by touching the towing rope.

In the case when the fish school touched the towing rope, the running away
direction was seemed to be fixed by the touching angle between the fish school’s
advancing direction and the towing rope. Generally speaking, the larger was the
touching angle with the towing rope, the bigger was the angle by which the
school ran away from the towing rope, and it was observed that the reaction
distance was almost equal to the body length.

These experiments were carried out together with experiment about the move-
ments of the Danish seine. Judging from the fact that in spite of the shortness
of the towing distance of the Danish seine, the catch per unit sweeping area by
the net is somewhat larger than that by the bull trawl net, the fish-gathering
effect of the towing rope is supposed to be roughly similar to those in the case
of the experiment.

Conclusion

In the analyses made hitherto on the representative three sorts of the trawling
net (trawl net, bull trawl net and Danish seine) which have been used up to this
day, it was confirmed that each of them is in possession of its own characteris-
tics both the instrumentality as the fishing gears and in the effectiveness as the
fishing technique. These characteristics are extremely important elements in
drawing the design of the trawl net; and the faculty of the net may be said to
have been dependent on the fact how fitting is the characteristic to the surround-
ing conditions of the fishing ground.

Accordingly, in this thesis, the author made some analyses on the characteristics
of the respective towing rope and the net webbing, and on the circumferential
relationship of them to the fishing ground; and some working conditions were
sought in drawing the design for the construction of the trawling net with high
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effectivity, and some examinations were done and considerations were paid for
the possible solution to make any improvement.

a) Towing rope

The sweeping area of the towing rope is largest in case of the bull trawl net,
and is smallest in case of the trawl net. While, the catch per sweeping area of
the towing rope (C.P.S.A.), which is the index of the fishing efficiency of the
towing rope, is the highest in case of the trawl net, and the efficiency is decreas-
ing in the following order, namely, trawl net, Danish seine, and bull trawl net.

The chief reason why the fishing efficiency of the trawl net is highest, is that
the attachment of the otter-board which is 3.2m. high at the middle of the towing
rope makes it possible to gather the fish having comparatively high swimming
layer into the net. Accordingly, in order to increase the fishing efficiency it is
desirable to make the position to which the otter-board is attached higher; while
in other nets, the attachment of some gadget playing the part of threatening the
fish school may increase the fish gathering effects. The determination of the
height of the threatening gadget should be done after the comparison of the
height of the swimming layer of the fish school and that of the net mouth.

In case of the Danish seine, on account of its high speed in moving and its
sucessive variations of the towing directions, the fish gathering effects by the
movement of the towing net are far more remarkable than those in case of the
bull trawl net.

A way of enhancing the fishing efficiency concerning the respective net is to
make the sweeping area of the towing net as wide as possible.

And for the purpose, it is necessary to make the ground-touching-part of the
towing net as long as possible, and to fix the interval as wide as possible. In
the trawl net, it lies in increasing the developing power of the otter-board for
the purpose of widening the interval between the otter-boards. In the Danish
seine, the making of some devices to keep the developing shaping of the towing
net as round as possible must be desirable.

Of the physical conditions of the fishing ground, what is most closely related
with the trawling operation is considered to be the water depth and the shape
of the sea bottom. The water depth in which the operation of net-towing is
possible, varies in accordance with the varieties in the trawling net; but, gener-
ally speaking, in the trawl net, the depth is deepest (about 500 m.) and in the
bull trawl net, it is shallowest (about 150 m.).

The deeder is the water depth, the longer becomes the towing rope; and in
connection with the net-storing faculty of the fishing boat, the fact gives the
trawl net and the bull trawl net the identical disadvantages.

But in case of the trawl net, the possibility of adding the weight on to the
otter-board makes the operation in the deep sea realizable.

In case of the bull trawl net, the addition of weighty substance near the
ground-touching-part will make the operation in the deep sea possible.

But, in the case, it is necessary for us to enlarge the ship size, the horse power
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of the main engine, and the power of the winch. In the Danish seine, it is possible
to give freely some variations on the developed shape of the towing rope, when
it is developed over the sea; and some improvements on towing technique, which
will enable it to be operated in the deep sea, are possible with the aid of the
skillful mainpulations of the towing rope and nets.

b) Net

According to the results of the model experiments, of all the values of the
central height of the net mouth, projective area of the net mouth, filtering volume
of the towing net, and the resistance, the highest ones can be seen in the trawl
net, which is followed by the bull traw! net and the Danish seine. But, the
indices of the fishing efficiency of the nets (C.P.F.V.) are in the order, as long as
the upper limit-value is concerned, of the Danish seine, the trawl net, and the
bull trawl net; and yet, as to the fishing efficiency, the Danish seine is the most
excellent, and there is almost no difference in the other two nets.

The reason why the Danish seine is so excellent is as follows; namely, the pair
of the towing rope become almost parallel at the time when the fish school is
about to enter the net, and then the interval between the wing ends is beaten
narrow. And in this state, the highly heaved net mouth, opened full through the
function of the triangled net are supposed to be the favourable conditions for the
fish school to be induced into the net.

Next, relying on the curve line showing the filtering volume, the features of
the respective net were brought under comparison. In case of the trawl net, it
takes something like straight line, and the higher is the speed, the bigger is the
area, and the wider is the interval between the wing ends, the more conspicuous
is this tendency. Accordingly, it is assumed that the higher is the towing speed,
and the larger is the interval between the wing ends, the more excellent becomes
the fishing efficiency.

In the bull trawl net, when its speed is near 1.5 knot, it takes something like
straight line, but when the speed reaches the count of 2.0 knot or thereabouts,
the fishing efficiency approaches a fixed value, or is apt to be decreasing. This
tendency is not always in the right proportion to the width of the interval
between the wing ends, but it sometimes happens that in the case when the
interval is shorter, the filtering volume is greater. Accordingly, as long as this
sort of the net is concerned, it may be more favourable to tow the rope under
the speed which is slowed from the present 2.5 knot down to about 1.7 knot.
The towing interval of the two boats upon which is dependent the interval
between the wing ends, had better be fixed in accordance with this curve.

In the Danish seine, the wider is the interval between the wing ends, and the
higher is the towing speed, the bigger is the sweeping area of the towing rope;
and generally it has the characteristics shared by the above mentioned two sorts
of the net. According to this curved line, the sweeping area of the towing rope,
at the state where the fish school is about to enter this net, shows almost a fixed
value, measured within the range 1.0~3.0 knot; and then, for the purpose of
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increasing the fishing efficiency of this net, the original drawing had better be so
made as to let the slant of the curved line be large enough.

For example, in the result of the fundamental experiments done with the
materials having the different net constructions, in the case when the area of
the triangled net is made widened enough, there can be seen a sudden increase
in the webbing area, which could not be seen when it is set at the low speed of
1.5 knot; and by this fact it is suggested that more favourable results would be
obtained of the webbing area of the present triangled net might be increased.
In short, the enhancement of the fishing efficiency of the trawling net must be
done in the following procedure; namely, first, the curved line of the filtering
volume of the towing net, should be sought; and then, the orientation to fix the
fitting and proper intervals between the wing ends and the moderate towing rope
speed, should be carried out together with the proper arrangement of the buoyancy
and the net webbing; especially the drawing of the design of a triangled net
should be fixd properly to make the shape of the net mouth fitted to the swimming
layer of the fish school.

Before finishing this thesis, some descriptions had better be made on the draw-
ing of the design of a bag net, one of the most important parts of the trawl
net. The ideal state of the bag net may be interpreted as the state where the
area is wide enough for the trapped fish school in the bag net to swim freely;
and at the same time, the water current in the bag net keeps the state of laminar
flow or of the homogeneous vortex.

In the case when a big amount of fish school has been trapped in the bag net,
the interval between the individual bodies is enforced to be restricted, the swim-
ming motions come to be prevented, and the fish school are closely pushed to the
cod end, which proves the necessity of the existence of the space allowing them
to swim comparatively freely.

According to the experiments, the minimum volume is shown as n°K(;, y, L. H. B. N.
where L=length of body, H=height of body, B=width of body, N=number of
the fish, K., z,=Coefficiency of L and H.

So the drawing of the bag net design must be done in consideration of the size
and the sharp of the respective sort of fish and the anticipated amount of the
trapped-in fish; and at time when the amount of the trapped-in fish is over the
anticipated one, the resistance is raised; which results in the inevitable slowing
down of the speed, in case of the fishing boat installed with the low powered
engine; hence, some preventing device, for example, increasing of the speed, was
considered to be necessary. And, in the case when the running water within the
net is homogeneous and when there is little difference between the current velo-
cities, of the inner side and the outer side of the net, it seems that it is easier
to entice the fish school into the net. And in order to get the condition, it might
be better to make the diameter of the net twine as slender as possible. Especially,
in the Danish seine, in which the fish-trapping is to be done at the time when
the interval between the wing ends becomes narrow, it is desirable to draw the
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net design so as either to make the current difference between the inner side and
the outer side of net as little as possible, or to make the current velocity within
the net as fast as possible.
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