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Fundamental Studies on the Phenomena of Sticks in Gill-Netting (1)

Theoretical consideration and experimental
analysis of sticking phenomena in mesh

Katsuaki NASHIMOTO

Abstract

Several studies concerning gill-nets have been carried out statistically on the
sticking of fish in mesh. But few dynamical investigations have been conducted
on the problem, especially from the point of view of micro-mechanies.

For. the purpose of establishing the direction in resolving the problem, the
author analyzed the phenomena theoretically from the data of material dynamiecs,
which were obtained at maximum probability.

In gill net fishing, it seems that fins and gills act to hold the fish in the mesh,
but it must be considered that these processes are used only to prevent fish from
falling off the net and to help trammeling in the mesh.

Through fundamental consideration, it may be said that the phenomenon of
fish sticking in mesh can be accomplished under the conditions in which the fish’s
body is held at the net mesh by means of the tension of the net thread binding it.
From the moment the fish swims into the net-mesh, the phenomena begin to be
analyzed dynamically. At this moment, the net-mesh perimeter will be expanded
by the fish’s body and, simultaneously, the fish-body girth length will be shortened
by net contraction. "And then, both the tensile stress of the mesh and the con-
tractive stress of the girth may be gradually relaxed. (Cf. Fig. 4.)

Based on the above appreciation, the experiments were carried out on the
characteristics of the net and fish-body respectively. Concerning filaments or threads
of net, three kinds of material were researched in relation to time elapsed, from
short time (1 minute) to a longer time (200 minutes). (Cf. Fig. 6-8.) On the other
hand, the bodies of salmon and trout were tested (Cf. Fig. 11-12); and special
curves of contraction and stress relaxation were researched as above.

Maxima of tension and elongation for sticking in mesh were decided by the
size of fish and the swimming power. Beyond these values, the sticking condition
did not exist on aecount of, perhaps, over size of fish or too small mesh. Tension
of the net relaxes and in time reaches the minimum of tension to keep the fish-
body in the mesh. Based on this value, the fish-body will fall down from the net.
From the results of experiments, it is analyzed that the value of maximum tension
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may be equal to 1-2/3 times the weight of the fish-body, and that minimum value
may be 1/5-1/10 times that. (Cf. Fig. 13.)

Obviously, the range of above tensions must have serious relations to the
salectivity of the gill-net. (Cf. Fig. 14-15.) Furthermore, there are many problems
about ‘‘Sticking phenomena’” such as the friction forces on the contact surface,
constriction by contraction, wedge effects on slope surface and etc. In the near
future, the author’s efforts to resolve these problems will be made on and the
results will be noted on successive reports.
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Tension of net twine (kg)
Contraction stress of fish (kg)

Length of perimeter and girth length (cm)

Fig. 1. Stress-strain curves of fish and net
Point B shows the sticking conditions

LAROBEE Fig. 1 IRT, A RRBENOBELLLVEHEOHEDERTH S, WEHBIZANAVRE
WBhEA, BHENT 5 LBERIRETET N T ¢ (ex) #BRIZNR > TEIT 2, S DDA
DELIWHRORDARARTH S, 22T AD OB SIIBAOES, ARSI - TELN, —T
R@CTAB SN ADAARIRERR LY 8~80% B\ = L 2B EBREA D - TWBDT, +
PEEEEOBEFENALRY, ~INEDHBILNTE D, #R, APECH LABE ISR L 4D
TIFEBRIERORTR B THIE- TwB I LD, ZOBORL, (B) R0 (BROEA)
=(REoRH BN, D RO EEOMIINAEER)=(ADEHSNRERE) Tb 5,

— 293 —



K &k 2 % #H# [XV, 4

II. g LIRSS OBR
ﬁﬁﬁméhfb6%*“ﬁdmﬁﬁ%ﬁ%fﬁt(,ﬁ%ﬁﬁ@%ﬁ?lof%9®§@%of'
DETEMAEI LI O Z BT %, 7, ARDEBCERNMEL ST a0 LE
25N B, AOBMREEIZIZE, LAY 2HEE LTV 5 I3 CA0EE, AOHK, HUNER
LA TILERE T B, Fig. 1 THIZHB LA L 32, WECARIXY, BRELLRMET
FEROBEH & ROBWD NI LITH VY, O bh-BEAELED bR -ACRAR L X%
LB DTHDH, ZOFEAIBGEENMNCE - THUIE-EIRBTETHA 5. ZOK
m2ﬁ¥mkm%aﬁWkﬂﬁrﬁwf%xf&6°ifm%roufﬁxéaFw 2 TRt LS
ienboEEEIND, AHVEEICAY &
LR ORBHE @RI ITbh 28
E2 3 L BROBA L U OBERERD 5
HET, Eﬁf‘aﬁ@%ﬂﬁ’éﬁ% BB asto D
EIHECEREDDTHS Y, B
BT IR OB E 0T, HL
PR CReR £ 22 EB L 7oRe T~¢
BEREPRDODTAHABE aer 2720, & B
BOBEVERZZIOLITRTWBTHS
5, XDBIT ty, ty OREIHERIZ L7cAio T
T—& WL a0, ascs £70Y, THhEN
DEEDHEVEIZI NG OMR E~ L EF
THZERTFREND, T, RIIOVT
% L ARSI DRV L gL L OBERE - -
K>HL Fig. 8 DL B EELBN , EBlongation (%) y
. Fig. 2. Relationship between tension and
%o FAMBEICE L TA Y RAGREAIC elongation of net twine, relaxing
FLBRSART LRECiEfobh e with time
o & DGR BRI doeo |
DEZHDETHB, RTE
Bah-AORBEIIREEE
ST, TORHBNAS
IRV D HMCELTHA
5, Tichb, Wikt t,
LIS TR LN AR~
KR dier, deey, daes 28
A EIRIERE - TIT <
EThdH, BHROJH 4
O, RO LBEAOEED
AR L 5 1R LR
FLFEACpreE S, 85
LEREZIPLEL 2Lk Shortening (%) : o
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5. Measurement concerning the strers

-gtrain of net twine
Net twine
Spring balance (2kg capacity, 0.01 kg
sensibility)
Length scale
Weight
Measurement of tension elongation
Measurement of relaxation-shortening

1 J
5 10
Elongation (%)
Fig. 7. Stress-strain curves of Nylon
monofilament (3000D)

E % #®

Tension (kg)

1 |

5 10
Elongation (%)
Stress-strain curves of Amiran
multi-filament (210D %/5)

Fig. 6.

Tension (kg)

5
Elongation (%)
Fig. 8. Stress-strain curves of P.P. Pylene
monofilament (3000p)
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Table 1. Fish used for the experiments

a) Trout
Body Body Body Girth | ooht .
No. | length height | breadth length condition
(em) (em) (em) {em) (®)
Dead fish through
1 32.5 6.5 3.8 15.5 430 anesthetization
2 27.0 6.0 3.0 14.0 221
3 27.5 6.5 3.4 14.0 210
4 30.0 6.0 3.5 15.5 285
b 29.5 6.6 3.0 18.0 - 225
6 28.0 5.4 3.5 12.5 215
7 44.0 10.0 5.4 24.2 970 Living fish
8 43.0 8.6 4.8 19.7 510
9 38.0 8.3 4.3 19.8 590
10 38.0 8.8 4.6 19.3 570
11 86.0 8.8 4.6 19.8 680
b) Pink Salmon
Body Body Body Girth Weight
No. | length height breadth length Condition
(cm) (em) (em) {cm) (&
Just after getting
1 44.5 12.0 5.0 26.8 1200 on board by net
2 4.0 10.0 5.1 23.7 900 :
3 48.5 12.0 4.4 25.7 1100
4 45.5 11.0 3.6 24.2 1100
¢) Chum Salmon
Body Body Body Girth Weight .
No. length height breadth | length g Condition
(em) (em) (em) (em) ®
_ Just after getting
1| 325 14.5 6.9 32.5 on board b not
2 52.5 14.5 6.8 32.5 —
3 36.0 16.0 — 36.0 —
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ZE Lt = P e ADIERA,
BEEEGE R, BESEROY T [T
PrEAT7 bTADARET {
Hbo KEXIZOVWTOKRER
" Table 1 (=R, EEREED - _
2 04% DT L5 Y DKFZ B i
S0 15 S E Y Ants,

b
RORE S~ FES HHRO RSB Fig. 9. (Z)pparatus for measuring the stres(s-)strain of
% Fig. 9 \ZR¥, EBizxv binding fish
Y RZAMOBI AR AN, B o g;;ipeb‘;;;m wire
£ 0.Tmm O\ R (Rl X H: Water tank (1.5X1.0m)
HUDRETED) T—HEL §: Spring balance (kg capacity, 0.01kg
THRNEET THT 572 ZOE W,: Moveable weight
Bk Dok AR #FI315.3°C W.: Fixed weight _
~19.5°C Th o 1o FHI (@)1 e of tomsion weteration
BIEORH L AL HIE Ui

BThs, §hi20.4ke, 0.8ke,
1.6kg D=ZBrr L, #:EHHE 8
2B, 30 4y, 904y, 1504,
200 riE Ak BE O RS LAl
LT R ) ixaso

SRR Y ¢ TR Fig. 10. Measurement on board concerning stress-
strain of fish for short periods
ZEBTHDH, ZOBERIO . N: Net twine.
WhE 0.9kg, 1.48kg \ZHY S: Sprinbglbal)ance (2kg capacity, 0.01kg
. sengibility
EBEHBL, (@ LRALKE E: Pulling force
%, 80 4y, 90 47, 150 4y, 200 F: Fish body
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DA THRAEVEISCHES 1mm 0¥ 7 VBTADESELB - THIT R LTiTot, Yussr:
A7+ R AREOR ETORRICIE Fig. 10 \ORTERBEL B, EMXDORDZIS T L (M
Hns 8em), =777 LBERFAOHM (Mns 10.5em), BARE (WS 15em) D=
BUZDW T T e ER D AHOEB L5720 7e3ERALBRET7 I > (KX 210D%1) Th b,

2.0k Dead fish (trout) through
%60 anesthetization

E / PO 1I;ink salmon, just after get- -

=< ing up on board by net

'§ L5 r ©—— - — Living trout

Eo &—--— Chum Salmon

5

3

2.5 F
70 80- o 90 100
Shortening of Girth length (%)
Fig.711. Stress-strain curves of fish with time elapsed

2.b. FEEAEER £HIZOWT | c B A
RO 787 ~HaA4 ki & WefieE 2.0 a 9 ,
By OMRY Fig. 11ITRT, AW Loading curve
L L > THRENRRIRD S 5 1 ] .
ruEscklEnstHrs S0 b 9 —= == Unloading curve
M, 2YRRRATT TR F Vo
yn#&uovt%%ﬁ%&ﬁ,glﬂh
BrlLTmBILnTER, ¥ §
K=Y YRADERLERLTH  E Y
N efin e ORIEA 200 58T S 05 \
WU Rn > TR THBA A
9 Fh T3 ORIFHAREE ~
L BERELTVHLDTHS " e po
LBbNE, FLEARALLE Shortening of G.L. (%)
L5y oY re=Y<7XT Fig. 12. Contraction and recovery curves at various

TERC X 5 7niivaieE L
HoZ R END, #1577
PRV oY IZBNDE 2

positions on the body of fish

OA: 8.0cem from the snout (at 44cm body length) .
OB: 10.5e¢m from the snout (ditto)

" OC: 15em from the snout  (ditto)
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Do FHA 200 HHITICD LI E HICEE D 0.5kg T 28%, 1.0kg T 26%, 1.5kg T 27%.
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FACHENERERSTNAEL T 2DOLEE SN, ZHHIEBROTREE, M TIBREOE
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BEow Fig. 12 1 Z0RT. BEZTH H0oBLVROBEERY 100 & LBEaolLAEL L - T
bbb, TNTARBELLTT 7 LEOBMEILE QITHIOZITHE L TECZ L AEZECRHOA T
B, BEOKBIZL > THMAENZOBBERER - T A LIIMEBRMICIRESBELTLS
HOLEZTRVWEHAS,

BE N F R
#E LIRS 0 100 F I R 0 SR 0IE T ~ Ut L RS & 0B8R SN~
AL L BRAEEE ¢ DBIRE R, BREEL I HOCHMRY —~PEELCERT Fig. 4 LA
EI5En0 Fig. 13 Tho, Yudr =P v ADREE—IEl- b0 L2z, stk

s.0 b Net twine elongation
™ —— - ——« Max. girth contraction
S : :
g1.5 " mmamame Max. girth contraction
§ ————— Frequent girth contraction
-+

-
8 1.0 b=
8 \
£ \
g 0.5 P \
H \
\\\ \\
~—
~ T3 ~~a
9.90 1.00 1.10 1.20

Length ratio (Girth length of fish/Perimeter of net) (%)
Fig. 13. Stress-strain curves of various fish and of a net at sticking in mesh

DONTWARER~EBELY LTRE@NEIRAEEOY oy Off (ME~8E L ofEi 1.18
THD) PEHEY L LT o7 THAREHREI7 35> 210D (/1) AL, BROBHEA
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B TEADCEATLANBEEINDZLbH D, ZOBEITE TR LAVERA L TBERRNHEE
LCWwBHDLELBND, T, EnSHET S B0 AORTIEIMCP I BAEERE
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)

Tension or contraction (kg)
]

:_‘ba

Elongation (shortening) (%)
Fig. 15. Stress-strain curves of an ideal net
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