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Fundamental Studies on the Phenomena of Stick in Gill-Netting (II)

The Meassuring Method of the Time Elapsed after
Sticking in Mesh and the Problem of its Utilization

Katuaki NasHIMOTO**

Abstract

Although gill-nets are generally set on the sea before dusk and hauled on
board at dawn the next morning, it is not clearly known at what time the fish
became stuck in the mesh of the net. It seems that the most important matter
is to learn the time in order to study improvement in fishing implements.

It is already known that, the tension of the net (or load of fish) and the
contraction of fish bodies (or elongation of net) change with the passage of time
(cf. Fig. 8). The author considered a fundamental procedure would be simply to
estimate the time which elapsed during those phenomena. That is, if we could
learn the elongation and the tension of the net or the load and the contraction of
fish under the condition of sticking in the mesh of the net, we would be able to
calculate the length of time after the fish became stuck in the mesh of the net
(cf. Fig. 4).

Although there are many kinds of tension meters, one for this purpose could
not be found. Then a simple device to be used immediately after the net was
hauled on board with stuck fish was considered by the author for measuring the
tension and the contraction (ef. Fig. 5), and the problems of its practical useage
were investigated. )

The tension meter was made up of a thin bag of vinyl, a pressure guage and
an air pump. The principle was that of using a deformation of pressure on the
vinyl bag to learn the pressure which rose between the twine of the net and the
gkin of the fish.

The relation between the tension of the net and the pressure in the thin bag,
which was inserted between the twine of the net and the skin of the fish, was
obtained theoretically from the following formulae

T P Y R -
P=Raf0) [f(o =3 (1 o8 >:|
R: Radius of fish-bodies curvature d : Diameter of net twine
6’: Pressed touch angle T: Tension of net twine

P: Pressure in the thin membrane
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If the depth of contraction is constant during the short time, the relation between

P and T, might be shown linearly, independently of the width of vinyl b,ag.

Under a very small contraction, f(6’) was approximately equal to -%—(1—cos%~>.

Under a deep contraction, f(§") was complicated and out from theoretical line.

The results from these experiments are summarized as follows:

“ (1) The relation between the tension of net and the pressure in the bag was
linear under low tension of the net (about 0.4kg), and the relation changed
exponentially at the middle tension range (0.4-0.8kg); but, the pressure deviated
from the exponential line at a higher tension (>0.8 kg).

(2) The pressure was influenced slightly by the size of fish.

(8) This pressure was influenced by the depth of contraction of the fish bodies
and changed as time elapsed. It was better for the utilization that the width
of vinyl membranes was narrower than 1.7 em.

Because the radius of fish bodies curvature and the pressed touching angle
changed delicately with time, the influence from these factors could not be calculated
from the theoretical formula. As the depth of the fish contraction may change
with time, the estimate of elapsed time will be uncertain. For the accurate
measuring of elapsed time after the fish stuck in the net, the curves that indicated
the relation between the pressure of the twine of net on the surface of the fish
and the tension of the net (cf. Fig. 16) must be investigated.

In this method, the measured error may be 20% of the total estimated length
of the time. Further, it is necessary to investigate a better tension meter and a
good method to estimate the time, and this measuring on the field will be conducted
by the author in the near future.
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Tension or contracting load (kg)
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Bt

Elongation or shortening (%)

Fig. 1 Dynamical relationship between
the tension (contraction) and the elon-
gation (shortening) under the sticking
condition

By: Dynamically equilibrated point at
the moment sticking in mesh oceurs

B:: Dynamically equilibrated point at
(ti—to) minutes after sticking in mesh

B:: at (t.-to) minutes after sticking

Bs: at (ts—to) minutes after sticking

B:: at (t«—to) minutes after sticking

B:: at (t-t) minutes after sticking

Solid line: Net Broken line: Fish
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Fig. 2 Stress-strain curves of the fish-body
Living Pink salmon was measured at 40% the ratio of (distance
from snout/body length) from snout, just after getting it up into

the boat by net.

— 85 —



Tension or contracting load (kg)

 x k E % R [XVIL, L

Time, elapsed (minute)
o A 4)0 ?’dﬁ’\zo
3.0
2.0
2
§
-y
L]
=]
]
1.0

L i
5 10
Elongation (%)
Fig. 3 Stress-strain curves of Nylon monofilament (2000 D)
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Length ratio (Girth length of the fish / perimeter of the mesh)
Fig. 4 Stress-strain curves of the fish body (Pink salmon) and
net (Nylon monofilament 2000 D) at sticking in mesh

B, : Dynamically equilibrated point at the moment of sticking in the mesh
Bsoo: Dynamieally equilibrated point at 800 minutes after sticking in mesh

Broken line: Nylon monofilament 2000 D, elongated

Solid line: Pink salmon girth length contracted
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Fig. 5 Schematic illustration of new apparatus
for tension measuring
B: Thin bag made of vinyl membrane
G: Pressure guage
P: Air pump
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Fish body

Fig. 6 Positional relationship between net-tension
and bag-pressure when the vinyl membrane was
inserted under the net twine on the surface
of fish body

: Thin bag made of vinyl membrane

: Width of thin bag, B

: Diameter of the net twine

: Curvature of the upper portion of fish-body

(in sectional view)

: Tension of the net twine

: Pressing force on the fish-body

: Pressure angle of the net to surface of fish-
body .

: Contracting angle of the fish-body

: Foree lifting up the net twine
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THORES CBAEMC & » THES Wik
ElETBHDC, —EER fO) LLTH 2
1o THADHB I S CEREBERMENE
FREEIIC AL, BRONEEW 0N A
BzX - TEES FO) CREBIT B, £O)
it Fig. 7-a IR & 5 CARD S ThaVhEL

(b)

. X o , Fig. 7 Conditions of the thin bag inserted
TEADEENABCTETEMT 2 @ =) between the net twine and the surface

=TIt @) ROBBRIBILT L ELDBI S, of fish-body under weak (a) and strong

(b) contractions

L A UNAERL 7 0 BROEMAT I

F: Force lifting up the net twine
RiZKEL e T : Pressing force on the fish-body
1 N L: Force by side pressures
FACS) =E(1—cos—2—). ...(8) P: Pressure in the thin bag
N: Net twine (diameter: d)
t5&, Fig. T-b DL 517 » TR E LFHIZ B: Thin bag made of vinyl membrane
. - . ¢’: Pressure angle of the net to the sur-
ﬁ'b.bﬁék%\%f&jﬂFbiﬁﬁ%Ll »THEX face of ﬁsh—gbody §
NAHHOMIHEASEELRS X dinbo 0 : Contracting angle of the fish-body
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RRCRAOFHBEBEZITHTH » 700, ERMoRERE Fig. 8 IORTEY Th b, EBZH
VBRI 25 v 210D - 83X10 (% 1.0mm), 4x6 (0.9mm), 4x4 (0.6mm), 3x3 (0.5mm)
DAETH o700 €2~ LOEITABIFEENK S FRBREBE LAWY, THER CIiREE
AR DEA I D 1 BERO TROBEIERENR L h ol VRO EEEELE
BHCLEGVDT, TOEBRTIZEX 8.0cm, 1§ 1.7cm, B X 0.06mm OB B2 BFHLEE
FRHATR STV 2P 0.2kg, 1.0kg D 2B TIHEKBOV ) A — 5 — TRIEL 7o, BRIERH
% Fig. 91TRT, BERRY 73ER 1l ORVEEFE, BRBC L > THExhRVE 3 ICEIT—
FORTE (#4.8ce/sec) TIF o7 EBE Fig. 1010RT & 5 oA BB L EY, HEWEE 2
B S TERBOBAMESLNB L SICTRLL, RTALELCERE, AOFYRYE (Wi
NOOERTED D) THEREMNICBRFEY 52 5. TOESE, BRLABEERMCY=~1
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Table 1 Fish used for the experiments

Mackerel
Fish No.| Body height (¢cm) | Body breadth (cm) | Body length (cni) Body weight (kg)

1 6.5 4.4 33.0 0.44
2 6.7 4.6 36.5 0.54
3 6.5 4.5 34.0 ’ 0.51
4 6.1 4.5 34.8 0.46
5 6.3 4.5 32.0 0.45
Average 6.4 4.5 34.0 0.48

Atka mackerele

Fish No.| Body height (¢cm) | Body breadth (¢cm) | Body length (ecm) | Body weight (kg)
1 7.1 4.0 3.0 0.56
2 6.7 4.0 32.0 0.48
3 7.3 3.7 30.7 0.50
4 7.5 3.4 30.0 /
5 7.3 8.4 29.0 /
Average 7.2 3.7 31.1 0.51
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20 10
Girth-length shortening (%) Standard pressure (kg/cm®)
Fig. 8- Relation curves of contraction and Fig. 9 Calibration curves of pressure guages
load at various positions of fish-body Standard pressure (abscissa) was mea-
Positions were measured from snout; sured by a manometer of mercury.
%means the ratio of (distance from snout)/ A: 1.0kg pressure guage
(body length). B: 0.2kg pressure guage
A: At 40% (Mackerel) C: Standard line (45°-line)
B: At 50% (ditto)
C: At 63% (ditto)
D: At 4% (ditto)

Curve A, B and C was measured
about same Mackerel body; D, about
Atka mackerel body.

NEGREC LR 5. BCEAEZXVHT 5
L, WRTHZONTEROTES MR -
T = — AROERBEHIOH~, BRIEFD
EFHND EHBISEOETABVR LR

Fig. 10 Apparatus for experimental measuring

2%, EHRHERO ERE—-RRE LD, £0 B: Thin bag made of vinyl membrane
#E LT, EAHIEIBU LR TS, ZDL5 F: Fish body P: Air pump
LR L WEROEMIERE EHCED B G: Pressure guage W: Weight
FEEDESH L LTEZ B LHMEHRBOT, = N: Net twine

OBEDOEHE @ RICRTPELTHREL L, ZOERTCIHEWEAKIIEL 20T, #WREHL
LT W/2 128z ladhidis bioyv, eRERIZERP TIT -0 T, AP EEEI ML TAE
DR EEE T C AR o TRESEULARVE SITKTRLIHTE -7

2. RRERFVICER

2-(D). BFEEOXE :

BREGERBIEH & BREN L OBRIBRAPERCL > TED L 5 IHETHnERLIOM
Pig. 11 Thp, ZOFEHELEHOEBIT 0.4kg OEANT CIHTITEBINCEN T B, EhHH
0.4kg 25 0.8kg F TiXiglmhtE L, EZHEVES 0.8kg L E) 2hd &, FOM@EMD
B SN TEEM D)X TRBEERL 2. 0.dkg DBREHRHEL DAEOERIAE <21k
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Pressure of the net on the fish body (kg/em®)

L 1 1 L L. 1 J
0.2 0.4 0.6 0.8 1.0 1.2 1.4

Tension of net twine (kg)
Fig. 11 Relationship between the tension and pressure of the net twine
on the surface of fish-bedy (Mackerel) by various diameters of twine

Solid circle : 1.0mm diameter of Amilan (8x10)

Circle dot : 0.9mm Amilan (4X6)

Solid triangle: 0.6mm Amilan (4x4)

Solid square : 0.5mm Amilan (8x3)
L (Fig. 8 £1), AR DEMERAREIEML B0l 5 B 2 RTH0LEb
NB, X, BRESNKELKS 0.8kg BIL) &, SThOBEXHIEBEL CHEEMANAE
v, BABOHBEFEIS NOBTPELRD, METEROCEZ L5 @) Kol
WEARNABIAEVASL, ThHOBEFRbhTERN DA ThIZ DO EEL DD, 22T
RIS 0 122> TERDBEHN 0 17 B DIXE =~ LEDRIEAA - TREBTHS 5,
B XTHHB L5, ROEEATVTERETIKRERY, KFThEEMIPbER2EE, =
DEDRTHA CTH 54, WROBEZ 0.5mm & 0.6mm VU 0.9mm & 1.0mm & GiF, Fh2
NOBEFC L 2EIBEEIEDbh T, Zhid, BROBEE 0.1mm BEELL T Tho
BB VBELAVT, ARLBROEMARITT-FITRY, TOENBEREDL L
R Lehd EBbhd, BRAOEELAREZ <4F 0.5mm K& 1.0mm FZOVTRE &, AL
HREHAEAL THTHBESACEREOKRE JIT L o TRO LHIEZRRY, EEIAE S,
EARRELHLA TV S, ZHIZERNEIFO L3 HRBEARON B, BREAEOEMETR
GHRDERZE - TEDZLHHERAXN, EAXERERELIV D fI0) CKEBEBXNLEEREY
EZ OB, RO ThOEXIEALAERERO T, #iz ) 0HBHIZ/ROBER, AOHE
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0.2 0.4 0.6 0.8 1.0 1.2 1.4

Tension of net twine (kg)

Fig. 12 Relationship between the tension and pressure of the net
twine on the surface of fish-body by various radius of fish

Circle dot : 2.3cm radius of fish (Mackerel)

Solid circle : 2.6ecm (ditto)

Solid triangle: 8.1lem (ditto)

Solid square : 3.4em (ditto)
FEEVYEALT, RBLOBEEMACER f(0) 2+ ROTAHHL @HREZ 1.0mm Tix 0.22,
0.5mm Ti3 0.67 iZ70-TC, ZOHE O IMROEXIZL S THLMIELLTWHZ EAHS,,
TDL S IBROEBIC L - TRDHEH L ENOBIRIE - TRDH, NERRFECHLEERD
BERIRE TR0, REBRZOVTHEIN Z W S OBKRERH TR, RERBET 2
TEL L S TUBREHNEERIIRO B LA HERE 5,

2-(2). MOKESOXER
BOREZIDBRNZ L 2\RABEEMEH L BREH L OBBRERLA D2 Fig. 12 Th 3,

AR5 HHB L 5ICHRENN 0.83kg MUTiC/sE, ADKEIZIZ2BEIIBCIER TV,
X, &7 0.8kg LI EDHE, AORZXIENMIBEL T 3L 5 THBA, TOHEAERIIHE
ETHV. BRADO UMD BEIIRA—ORBRIOVWTII—RIZ A2 L EL5NEDT, & @HHA
TW AR OMARE) AKE {hd, ROLZEHIHERNITNILARBRTTHEH, ZOE
BhOREELATRY, ZOREE LT, BRTHOLIMUOARE XL EZHBIFNENEL
BHEEFE S OT, RAOBMEHENRIL -T2 3Bz b5, XMOERIZI 200 bah
e EZTRE LOGERMA (00 2ROTRHL, BHRES 0.5kg, AOHMFEEE 8.lem T
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B OMARET 0.3ke FIHREEZSNEOT, MEOZ LIRXBEHEEIALEVTEDLS 5,
X, RH—EOWECERBT 2ABPRUOKE XIRERT - TL ALODT, BHICEFEOKDT
NENOKREZZOVWTRO TR, ZOFETHRENE FRIZRD D Z L AHRXD Z LoD,

2-(3). AKDOLThOXE

SUNDOBESIIMADOERE, MRESH, BECIHEERMNC L - TELT 20T, Akl @R
REARH» TREARNERD 2B EIZ—FRERMEITL 5. AABCELVEBRELTHOS
NTWBR, SUNDEXN—EBTELLIE, ARSN5ENIREES L 3R —BiTe sk
TTCHb, EZAHFig. 180532 L 32 bOEH LEHOBERIEEC BT/ BEgo /s
B 75\ CAEEREA M T RO BEMIARE < R B EAYRT. - OBBIBRENINATE
PRCHDA TV 2. ZARABRSREBMEE TR ST ENNREL S, SUhOESHR
REERICE S TRE LTINS THBEELLND, ZOEGRY RH EOBTEMANSIE
2 THhDE, RITHNAERLIBRRRCIWT, B 0.8kg Tk 0.42, 0.82kg T 0.24 2/ 3
A, ZhAt 90 HRITIRB E, FRENOMEITKT 0.12 22{UL, R O BF s e
TS TREL LD DD LERAXNSDICEETIEL BT B, ZHMDDHELMARL 512
UhiRELILD L, BREABLOEMERMIKRES Lo THEE N, KChDOBEENKEL LT
RIZHEOREL T AT 3 ABRHERIC DX hotdDEEL BB, ZDL 512
VORI SREERIZE - TRESEIL, RRCEXTBEYE5E2507T, ZOBERENH TH
HREH LR DB IRFERIZ - TR VEENEL 250 TR LT RIS v,

0.6

Tengion of net twine
0.7 kg

0.5 kg

o 0.3 k&

Pressure of the nét on the fish body (kg/em®)

A L - y -
60 120 180 2ko 300

ol A

Elapsed time (minute)
Fig. 18 Pressures of the net on the surface of fish-body (Atka mackerel)
changing with elapsed time under various tensions of twine
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0,6

52.5 %

Pressure of the net on the fish body (kg/cm?)

Elapsed time (minute)
Fig. 14 Relationship between the contraction of fish girth (Atka mackerel) and
the pressure by the net twine with elapsed time
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Pig. 15 Fundamental curves for the conjecturing time elapsed,
after the fish became stuck in the mesh
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