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Ommastrephes bartramii, in the North Pacific Ocean
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Study on improving jigging capture techniques for neon flying squid,

Abstract: The aim of this study is to improve jigging capture techniques for the neon flying
squid, Ommastrephes bartramii, and identify the mechanism of, and countermeasures thereto, of
frequently-observed catch loss due to hooked squid falling off.

In Chapter I, the history of neon flying squid fishing is summarized, problems of current
squid fishing are mentioned, and a direction toward a technological solution is indicated. This
chapter reports that drift net fishing of neon flying squid started in the 1970s, but that in 1992,
a United Nations moratorium on the use of drift nets in the open seas resulted in a change in
1993 in neon flying squid fishing from drift net use to jigging (line catching). Today, most of
the fishing boats operating in the area are Japanese, Taiwanese or Chinese. Chapter II describes
the finding, obtained by DNA analysis, that the neon flying squid inhabiting the fishing grounds
in the North Pacific Ocean belong to a single genetic group and are a resource requiring
international fishery management to prevent overfishing by a growing number of fishing boats.
For appropriate fisheries management of the neon flying squid in this fishing ground, the actual
conditions of the jigging capture process need to be understood. The results of surveys in 2003
to 2008 are summarized in the subsequent five chapters. Chapter III investigates the mechanism
of tentacle breakage during jigging as a possible cause of the fall-off event. Chapter IV describes
the relationship between boat motion and falling-off of squid, and in Chapter V, transmission
of boat motion to fishing lines is elucidated, providing a pointer to understanding the event of
hooked squid falling off. To reduce squid fall-off from the jig, the effects of increased hauling speed
of fishing line on squid hooking are analyzed in Chapter VI. Chapter VII describes a thorough
examination of the hauling speed of jigging machines, aiming to reduce the fall-off ratio and
increase the catch. In Chapter VIII, improvements of techniques for fishing neon flying squid and
fishery management methods are discussed after integrating the results.

From an observation of upward reeling of jigs, the fall-off event of squid was classified into the
following three patterns. Cases where only tentacles remained on the jigs are named “underwater
fall-offs.” Fall-offs after the squid have come out of the water but before touching the guide roller
are “above-water fall-offs,” and those that fall off while in contact with the guide roller are called
“fall-offs upon contact.” According to a survey of fallen-off squid conducted over three years from
2006 to 2008, the total fall-off ratio accounted for 36% of all squid hooked. The ratio of underwater
fall-offs was notably high. The fall-off ratio of squid that had hooked by only one or more tentacles
accounted for 92% of all fallen-off squid. When the relationship between mantle length and fall-
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off ratio was analyzed using a logistic curve, the fall-off ratio was found to be high in small squid:
the mantle length (ML) at which 50% (F5,) fell off from the jig was estimated to be 374 cm.
Observation of hooked conditions of caught and fallen-off squid and their body size showed that
caught squid that had hooked by three or more arms were significantly larger than those that
were hooked only by one or more tentacles. The high fall-off ratio of squid smaller than F}, was
therefore likely attributable to the squid capturing the jig with one or more tentacles, followed by
breakage of the tentacles. Squid larger than Fj, have greater propulsive power, and are thus more
likely than smaller squid to embrace the jig with their arms rather than their tentacles, resulting
in a lower fall-off ratio. Measurement of the breaking strength of a tentacle of a squid smaller than
ML414 cm showed that the tentacle broke under a force close to its body weight. This suggests
that small squid are prone to tentacle breakage if they capture the jig using only one tentacle.

Past surveys have reported high fall-off ratio from jigging machines installed at either the bow
or stern during stormy weather. In this study, the author investigated the reproducibility of the
relationship between fall-off ratio and boat motion, and conducted a logistic regression analysis to
investigate the effects of boat motion on squid fall-offs. A survey was conducted on a squid jigging
vessel, the Hakurei Maru No.8 (276 GT, automatic squid jigging machines: 21 on the port side and
22 on the starboard side), in 2003 to 2005. The numbers of squid captured and those that fell off
per jigging machine were counted once daily over 2 hours around sunset or after dark. When the
sea was calm, with a wind at Force 4 or below, fewer squid fell from jigging machines that were
nearer to the bow or stern and which had a longer cradle attached. In other words, a pattern of
significantly lower fall-offs was observed for fishing lines that were relatively strongly influenced
by pitching and rolling when the sea was calm. This was likely attributable to the capturing
behaviors of this species. The motions of the jig caused by boat motion appeared to have triggered
the squid to grasp the jig with both its arms plus its tentacles. On the other hand, with a wind at
Force 5 or more in stormy weather, the fall-off ratio was significantly higher in machines at the
stern and bow. To analyze this event, the author investigated whether or not the boat's motions
were transmitted to the jig by measuring the motions of both the vessel and jigs using an M380L-
D2GT acceleration data logger (Little Leonard Co. Ltd., Tokyo, Japan, hereinafter ‘acceleration
logger’). The power spectral density (PSD) was calculated using fast Fourier transform (FFT)
to investigate the properties of acceleration signals recorded at the guide roller and fishing line.
The calculation revealed that the spectrum detected at underwater jigs had the same period as
the dominant period (0.125-0.090 Hz) of the boat motion detected at the guide roller, showing that
boat motion was in fact transmitted to underwater jigs. During stormy weather, large motions of
the boat are transmitted to the jigs, and this appears to cause tentacle breakage before the squid
is able to embrace the jig with its arms.

To reduce fall-offs of squid from a jig, we need to understand the relationship between the
motions of a jig while it is being hauled upwards and the hooking state of neon flying squid. The
jigs’ motions were measured by installing an acceleration logger on a fishing line used for squid
jigging, where the wire and nylon gut joined. While detecting sudden increases in load exceeding
6 kgf at the jigging machine, which were displayed on the integrated control and display, the time
and depth of capture were recorded. The behaviors of a neon flying squid while it captured a jig
were then assessed from the data and the accelerogram of the acceleration logger. The upward
speed of the fishing line one second before a neon flying squid captured a jig was calculated using
the difference in depth between two adjacent depth data, which were also recorded during the
survey. The catch or fall-off of the said squid was also recorded. We noted that a squid embraced a
jig with its arms when the upward speed of the fishing line was around 1.5 m/s but captured the

jig with only its tentacles when the speed was about 2.5 m/s. This observation suggests that there
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is a threshold value of upward speed of a fishing line that determines whether a neon flying squid
catches a jig with its tentacles or embraces it with its arms.

To measure relative fall-offs of neon flying squid during jigging, the drum hauling speed was
altered. Six different drum hauling speeds, ranging from 50 to 80 revolutions per minute, were
tested and their relationship with the fall-off ratio was investigated. A drum hauling speed of 50
rpm was found to result in a low fall-off ratio. To estimate the upward speed of the fishing line
at which a neon flying squid is most likely to capture a jig with its tentacles, the relationship
between the tentacle-hooked ratio (the ratio of tentacle hooking as a proportion of all hooking) and
upward jig speed was investigated. The upward jig speed at which a half of all squid capturing a
jig caught the jig only with one or more tentacles was designated the 50% tentacle-hooked ratio
(R5,) and was inferred to be 1.75 m/s. It was deduced that the tentacle-hooked ratio increases at
upward jig speeds that exceed Rj), resulting in a high tentacle-hooking ratio and fall-off due to
tentacle breakage. In respect to the relationship between drum hauling speed and R;, 60 rpm or
slower resulted in an upward jig speed within the 0.92-1.65 m/s range, or slower than R, On the
other hand, when the drum hauling speed was 65 rpm or faster, the upward jig speed rose to 1.79-
2.20 m/s, and speeds greater than R, were detected. A demonstration experiment was conducted
based on these results. When squid were fished by sinking the tip of the line to a depth of 150 m,
the number of squid caught per hour per line (CPUE) was the greatest at 70 to 75 rpm. This was
because the fast drum hauling speed increased the number of squid caught per stroke or cycle of
drawing and pulling the line. Lowering of the drum hauling speed to 50 rpm did not increase the
CPUE in this experiment, likely because large squid of F;, or larger accounted for 64% of all squid.
The catch can therefore be increased by increasing the drum hauling speed to 70 to 75 rpm if the
squid are ML35 cm or larger and reducing the drum hauling speed to reduce the fall-off ratio if the
squid are smaller than ML 35 cm.

This study revealed that the mechanism of neon flying squid falling off from a jig is due to
the squid capturing a jig with one or more tentacles followed by breakage of the tentacle during
hauling. The author proposes a possible means of reducing fall-off by controlling the drum hauling
speed and the rational use of resources by searching fishing grounds for larger squid.

Key words: neon flying squid, fall-off, logistic curve, tentacle breakage, squid jigging
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Fig. 1. Yearly catch trends of neon flying squid in
the North Pacific during 1974-1992, by countries
and fishing types (Annual Statistics of Fishery and
Fish Culture and FAO fishstat plus).
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Fig. 2. Yearly Catch trends of neon flying squid
in the North Pacific during 1992-2011 (Annual
Statistics of Fishery and Fish Culture and FAO
fishstat plus).
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Fig. 3. Yearly trends of import squids products
during 1990-2011 (Annual statistics of fishery and
fish culture and Marine product power data book).
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Fig. 4. Processed squids imports Japan, according to
the countries, during 1990-2011 (Annual statistics of
fishery and fish culture and Marine product power
data book).
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Fig. 5. Total imports (raw material, processed,
salted and dried product) from China to Japan
during 1990-2011 (Annual statistics of fishery and
fish culture and Marine product power data book).
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Fig. 6. Foreign fishing fleets for neon flying squid
are operating within 6 mile radius based on Hakurei-
maru No.8 on September 21th, 2005 in North Pacific.

()

Fig. 8. Foreign illegal driftnet boats in North Pacific
(44° 25" North Latitude, 155° 42" East Longitude) on
September 21th, 2005. Provision of photographs by
JAMARC.

(b)

Fig. 7. (a) Chinese commercial squid jigging boats in North Pacific.
(b) Chinese carrier boats for neon flying squid in North Pacific.
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Fig. 9. Network model on capture process of neon flying squid in jigging fishery.
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ST ORTH X LT IRMICRY, £2T
il A BT SR FEE S/ S T2, BRI L TBEE S B A AT
BV ERbholz, ZOFMBRBRIZEBT 5 KH Ofil
Jam i, flbe 2 fE U CHMES AR L2211, 8
BS54 kbl ERICE D ) HERTRARIC
A, RN X 2 DT ka3 2 B il 12 o
RKGAMBpHB T EbMby, Bk 2 LHELL
720

EIE 3 h32 KU ZDNAROEERSI» 5 H
AU ET7HAHOERESE

21 &

il

MEE TR R72 X 912, dERFEE#RO 7 7 4 712
DWVWTIE, HARMOMERIRD LTV LIRRED D
LT, MEEMOEREERAL L, R D B
M2 b, SOIERLTAA B HEIFHT
L L) ICHEY REFEFHTROEENLE T
%o WHEEHIZO W THETT % 72D 1T IR 70 & A
EERIBT ZLEND D, ThFTYHHMHRDOT A
A 5 OEIIE, MBS S/NEEEEEL, N
TAHBBRBO2 AR H Y, FRENFKA T NEE
LAFREFIFNERHICT LI ENMOENTVE (&
HS, 1998), TNZh oI ILIC TN 2 BE) %
T, BFEPLEFII,IT Cidde LTl e
B, W L2 Mad 2B ENEZ1T), 72, &
DL TIEH T3 2 P 2179 & Wi
ENTwSD (K - A, 1998). 77 A4 H DL
FEIZOWTIE, TA VFA LW OREED S KD
TEER & BRI T X VAT IS 0H 5 &l

ENTw3 (Katugin, 2002). F72, FAEMEZFHL
TZEERURNTCLE, AR F RGP AL R R R I &
WK FERBESAET 2 e MEShTws (§
W5, 1998). BUE, KETIC X 2 &IHGHGE T, X
EFNHE—o20lnhE LTHFbN, Tusy sz
VETNVEHCTMSYZRHEE L CHEIFEEEMLL T
% (Ichii et al, 2006)s L L, dEKFEHEDOT HA A
EEELREBRERTH D, X IEMREFRFMZ 179
720NIE, BRHEE E TR T 2 LB D Lo SN,
WK BEG RIS X - C, L FEO AL E
MO LR VHFHTT # A4 A HARETEZDT
(IS, 2009), ZNS5DH Y FLEHNT, I b2
> FU 7DNA (mtDNA) OHREEFIHHIC L > TH
&zl o252 2 HWE Lz,

22 MEETE

ARHFFETH W2 BEARIE, K EEREERAZ
fTolBicELN2dDTH D (BILSH, 2009),
Z OFAIX20084 6 -9 HIZ, - VEERAL K EEE
B (Lat. 40°-46° N,Long. 150° E-170° W) 28\ T,
() KEBEWTE Y > &% — A M L7228 /VEEM
(276GT) THhiL 720 T2, 41 ¥V FEHETRELT
B A ATV TIE, 2009410 H-20104E 9 HiZ, B A
v FEEVEER A #EE (Lat. 20° S-50° S, Long. 30° E-70° E)
BT, (Bl) KERGWEY Y& =2 H L7228
HANEMN (401GT) TRELZDDTH D (A5,
2010 ; W4 5, 2011)0 RELZ2T A4 A1, fET
NETEZIEL, Mlilis ZoMholizt oI Gk
Lo SN0 7)) 7 HEE - BRIENE %
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Fig. 10. Sampling locations of neon flying squid.
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Table 1. Sampling information and population genetic parameters of neon flying squid based on nucleotide
sequence analysis of mtDNA ND1-16SrRNA gene regions

Kohei KUROSAKA

St. Date Latitude Longitude Number h* Hd* K* Pi*
1 2008/9/20 43-289N 156-18.2 E 23 10 0.8854 3.0590 0.0027
2 2008/9/17 45-109N 163-00.2 E 19 7 0.8187 2.6780 0.0024
3 2008/9/4 45-59.7N 177-06.6 E 9 6 0.9167 3.5560 0.0032
4 2008/7/27 46-04.5N 173-47.7 W 20 8 0.8053 3.2000 0.0028
5 2008/6/2 39-40.7N 172-253 W 50 13 0.8776 3.0408 0.0027
6 2008/7/15 43-11.1N 168-43.4 W 24 10 0.8804 3.0145 0.0027
7 2008/8/16 46-59.5N 164-01.7 W 22 10 0.8053 3.6150 0.0032
8 2009/10-2010/9 34-36S 40-50E 8 2 0.2500 0.2500 0.0002
Total 175 32 0.8807 4.2175 0.0037

* h, Hd, K, and Pi indicate number of haplotypes, haplotype diversity, average number of nucleotide differences,

and nucleotide diversties, respectively.

FrTIVIE, WERE THWAS0mgZ U Y L T
QuickGene (Fujifilm) % MW T, DNAZHiH L 72,
DNA%Z 7 v 7L — 1} & LT, mtDNA#EFHIEO
NDI1 F it 2 516S rRNA®D X122 17 TPCR%Z 4T -
oo BED ZN A A 71 (AB240152) (Akasaki et al.,
2006) L7 XV AFFTHAH (EU068697) (Staaf
et al, 2010) OmtDNADEIEFHEHRA S, 24T
RIS N TV B EHSNCT T 4 < —TP11249L (5 -cat
cag cca aag gtt gag gt-3) & TP12504H (5 -tta ttg
cat ggg gga taa gc-3') ##XElL72c F¥ 72, Folmer
et al. (1994) » 75 4 <—LCO1490 (5-ggt caa caa
atc ata aag ata ttg g-3") & HC02198 (5-taa act tca
ggg tga cca aaa aat ca-3) % Ml v T, mtDNA ®
COLEfn T HIk Z PCRIE TR L 720 H—~ V¥ 4
7 5 — 1212 ABI9700 (Applied Biosystems) % H
720 PCRICIS I, 94K 2 43 Im#hi%, 9482308, 555
30%b, T28E 2 %30 A 7 VATV, WIRIZT2ETT
SrmE L7z PCRIECBIE X, 7~ 7 L — FDNA
Wi 1 ul, 25mMANTP# #25ul, 10 x PCR Buffer
(TaKaRa) 25ul50mM® % 75 4 < —05ul, TaKaRa
Ex Taq Polymerase 0.125ull2, #&®mA25ulll% % &
INTHHAKRZMZ 72 b D% iz, PCREW#15%
7 Aa—ZX4 0V (NuSieve3: 1, TaKaRa) T&EXIk
L, TFI AT FEMEICK > THIEED
DR L7z, BIREYE, Quick PCR Purification
Kit (Qiagen) #H W TH B L 72 PCRTHH L 72
il U7 Z A4 ~—7% M\ TBig Dye Terminator cycle
sequencing kit version 312X > TY =7 Y A e %
17\, ABI3130XL (Applied Biosystems) i3k fid
Bl e Ulzo 8 O Nz H] 2 &, CLUSTAL
W (Thompson et al, 1994) \2X V754 22 %
17 - 72#%, DnaSPVer4.109 (Rozas et al., 2003) %
WCNT O A TOE LT T2

W O BRI L 2 ME 3 5 729, AMOVA
(analysis of molecular variance) 77#1 (Excoffier et al.,
1992), X774 XD Fy5H (Weir and Cockerham,
1984), K U'Exact test (Raymond and Rousset, 1995)
EATo T, BMIEMEREORELLTAHATE Y A
7 % ¥ B (Nei and Tajima, 1981) & 3 3k % k¢ B2
(Nei, 1987) #RKD720 TNSDHHIZIZ, Arlequin
Ver. 3.1 program (Excoffier et al, 2005) % w72,
MEGA5.05Y 7 b7 =7 (Tamura et al, 2011) 12X -
T, Kimura two-parameteri?: (Kimura, 1980) {2 & 5
T3 R O SEAZ B 2 Ko T, NJi: (Saito and Nei,
1987) W2 X D M o EZRERD /2. F 72, TCS
Verl2.1 (Clement et al, 2000) 12X > T, BHHRA
9% TNTHaY ATy bT—7REER LI,

RPFEDT A HINETEMRICE T, 5
R OFE TIRIAVETE30ecm Pl EAEKA: £ 1, 30cm
DIFAssFEENE, 8 A ORE T34embl FA3Ek
A FE N 0ecmIL TALFRETAELIATY
% (Murata and Hayase, 1993), %= 2 T, St.1-3
X9 HIZ, St.4-7137-8 HICHEZIToTw5
DT, 3emPl k& FA T B, 3dem R E & &L
FNWELTHY -7 (Table 1), St.61x6 H
WCREZIT>TWBEDT, 30cmbh b % kA T i
ELTHWYWoTze BRAEFNEEEAFETNEICE
B R ZER B VH, RT T AL ZDFG5 0 (Weir
and Cockerham, 1984), Exact test (Raymond and
Rousset, 1995), % U'Roff and Bentzen (1989) @ y?
MBI & - THET L 720

23 & R

Folmer et al. (1994) ® 75 4 < — TlImtDNAD
COI#E K 710bp 2 IR T A Z E N TE 28, v —7
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YAGMTEON 7 2075 A THBLRIEEIES
NY, EHERINZRET LI ENTE Lol £
D728, COLZMME3ND 1 £ 516S rRNA O FH
% W CTRIT 2 47 > 720 PCRIETND 1 O T a5
16S rRNAD 1T F THIL126bpD K & S D pEW % PCR
FACTWIET 2 2 & TE 72, HMIE L Z2PCREW 2
5 I FEBLH M F 4T\, 175K OB RS % P L
7oo HEME L 7z $HIKIE 1 ~95HND1, 96~165& 172~
23875tRNA-Leu, 239~1,126%%16S rRNAHIE TH -
72 (Table 2), N 72MEEBY OREMET LD
BTNV, NTas AT (W), NTus LTS
M2 (Hd), F¥IEEEE (K), WIELHRE (P)
#Table 1\ 2R L7z fEbNinTuy 4 71324
T, NTO YA TLEREIZ0.8807 T, SEIHERLE L
134.2175C, HILLAREEI1X00037TCTH > 720 4 ¥ it
DY TNVIZONWTE, B LTy L 71E2
T, NTus A TEHEIZ02500L /N EH o7 13
5N IERYIZDNA 7 — ¥ 3 ¥ 7 12 AB5094227 &
AB509451 & AB635465, AB635466C% 4k L 720
REMWH T onNTa s 4 TOREEENTOZ LT
DR 2 Table 2128 L7z JWRFETIBIL 7
n7ay 4 7IE30MbH Y, 4 v FETHBLNT
Oy A4 FIZ2MWMTH o7z MRFEICHHETLZNTOY
4 TIERBOLNL 2o 4 ¥ N EONTTU S 47
OB31 & OB32% 8 71 it D28 S AL AL AT D 3R AL AL
Bl Y, 4 ¥ FERFFOREEREE Z SN,
ERFEETIZ, OBl ~4, 12~130 6o N7Ta s
A 7OMBEERE P72, IS ONTT 4
TIIBHEN ] ~ 2 E R~ F—DNTa s A
TThol

n7yay 4 74xy b7 —27K%Fig. 111273,
OB1l, OB2, OB3DEELENTO L THhHY,
FhEC T HEERREOE OB LZNNTO S LT
PIRETBEIRA Y b T =2 ThHotzo KEL3DD
JL—=FRIZRITonNdZedonholze 4 ¥ FEDN
7u % 4 70B31&0OB3R2IFIKFEONTT Y 4 T L
BRELSHNTNDLZ L Gholze Tz, LRFE
OEMEFET D LI %, NTusf Fidhehoiz,

BEAREMNEMICEEZNERD LN E) 0%
AMOVAZGHTIZ & o THET L7245 8, BEARREN &
MOERIZE > TELTWAEROEAEI1X31.72% (P
=0) &2, FEICKERMETH -7z BAREN
B D Fg i & Exact TestdPfii% Table 3i277R73, &
Y7 20— ZOLERHITOMIEEZ T T, WREICH
BAEND DL (P<005) MAGbEZEHFH~RT, SL8D
A Y FEELIRFEOKHRCHE B LN D o 72 (P<
001)o LA L, dEARFEEOFREMNEMICITAEAT

Bhols

WIZ, JERFEEOIRENE B BB D 5 D
&9 M EAMOVAGHIC & o THEF L 72/ 5, A
RIEMEMOERICE > THEL TV R EROEAZ
053 (P=0312) &% o7z, ERTFEHEDOREMERIC
DVWTRY 72— DL HEMITOMIEEZ B %>
THREVBMNOLGEEL D DMAGDEEHFH /- L
2% (Table 3), HELREEN D LHMAGDLEII R
Molze LLAEHNS, Foffi & Exact Test® Pfitiid
St.1-7 R ETHRWETH > 72, F72, Kimura two-
parameteriEiZ & o TR 7z B n I gD & Wi i o BY
e NJIETREB 2k L7z (Fig. 12), 4 ~ N
DSt 8 IFAL K L HIEMITKE BN TV AL T L
D30 720 AKTFEDUEEE O I IEF 1T S v
boo, —FHOSL]1 & —FRMOSL7, —FALM
DSt. 4 DHFIRATHEN T 720 MO D PHAH 5 H &
W BB E ST, 29 A —%BK L TV B H
MASH - 720

Fofii & Exact Test®Pfii &, NJ treeD#EHEH» 56—
FHEOSL T & —FRMDSL 7, —FILMDOSE. 4 D
WAEEN T\, 22T, St.1 &MboiEs, St.7 &
D2 &0 X 912, JERTFEEmRE K& CHRET
IR Y 20 TAMOVASMH 247> 72 (Table 4). %
DFGR, Bha RS T TRIT LT, SRS
WCHEEAE G o0 T BEFRBEEAHLETN
BONTO Y 4 FTHEZOWTXMERITo728 2
5, PEIZ0098& 720, 5% THBEAIEI Lo 7.

24 % %

T HhA N FEE G EEEO BIRIE B o R E S T
&, COIfHI 72 & 2"\mtDNAWIZ 2 W T fFAET 5 2
EMNHE I N TS (Akasaki et al, 2006 ; Staaf et
al, 2010)s ZD2HFOEL LENITEREN D NIZ,
FAVLZ Ny—=r v AT, BRSNS
HTWZEIl B, RIRETRHRTHAHTH, ¥ —
FUAGKTCELONT 7 2075 A TR LS
51F, mtDNAIZCOL#HIA 2 EATfEfEd % Z & A
HMINb, TDD, R CTEAEFFNTICCOIH
WaHWZEdro7z,

BT, AEOEFIENT TRV 51541,000bp
DS OD-LoopH LD & 9 HFIRA L, ANV AL 7
(Akasaki et al, 2006) R°7 A1) A+ *+ T H A (Staaf
et al., 2010) TlX%H v non-codingfIH H 1T & A EZ v,
ZD7=®, R TIEmDNAICEBE O 2 W B
WO 2SR S~ — h — 2R L 72, ANHEgE
THH L7zND 1 ~16S rRNA%H &, PCREZ:CTHIEL
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Fig. 11. Minimum spanning tree showing the genetic relationship in neon flying squid. Size
of circles roughly represents haplotype abundance. Open dots on the lines joining haplotypes
indicate intermediate haplotypes not found in this study. The marks in each circle represent

AT A1 A4 71890 WSEIZ BT 2 S9SN ) B2 B 2 hFE

the haplotype name.

Table 3. Pairwise Fg; estimates (below diagonal) and probabilities of Fisher’'s exact test (above
diagonal) for population differentiation in neon flying squid base on the nucleotide sequence analysis

of mtDNA ND 1 -16SrRNA

St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 St. 8

St. 1 0.150 0.326 0.121 0.192 0.265 0.028 0.000%**
St. 2 -0.016 0.198 0.417 0.662 0.696 0.439 0.000%*
St. 3 -0.039 -0.055 0.044 0.226 0.236 0.109 0.000%*
St. 4 0.098 0.055 0.036 0.595 0.553 0.274 0.000%*
St.5 -0.004 -0.019 -0.031 0.033 0.458 0.188 0.000%*
St. 6 -0.004 -0.013 -0.023 0.028 -0.021 0.229 0.000%*
St. 7 0.048 0.012 -0.008 -0.027 0.006 0.006 0.000**
St. 8 0.846** 0.873%* 0.869** 0.842%+* 0.834** 0.850%** 0.820%**

*significant at P<0.05 after Bonferroni correction
**significant at P<0.01

Table 4. Hierarchical analysis of molecular variance (AMOVA) of mtDNA ND1-16SrRNA gene
regions in neon flying squid from the North Pacific Ocean for the number of St. see Table 1

and Fig. 10
Region groupings oct Percentage variance
among groups

(St. 1, St. 2, St. 3, St. 4, St. 5, St. 6) VS (St. 7) 0.00517 0.52
(St. 1, St. 2, St. 3, St. 4, St. 5) VS (St. 6, St. 7) -0.00168 -0.17
(St. 1, St. 2, St. 3, St. 4) VS (St. 5, St. 6, St. 7) -0.00288 -0.29
(St. 1, St. 2, St. 3, St. 5) VS (St. 4, St. 6, St. 7) 0.00495 0.5

(St. 1, St. 2, St. 3, St. 5, St. 6) VS (St. 4, St. 7) 0.00894 0.89
(St. 1, St. 2, St. 3) VS (St. 4, St. 5, St. 6, St. 7) 0.00484 0.48
(St. 1, St. 2) VS (St. 3, St. 4, St. 5, St. 6, St. 7) -0.00184 -0.18
(St. 1) VS (St. 2, St. 3,St. 4, St. 5, St. 6, St. 7) 0.01366 1.37
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St.
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0.001

Fig. 12. NJ tree of neon flying squid samples based
on nucleotide sequence data of mtDNA NDI1-16S
rRNA region. St. 1 to St. 7 are in the North Pacific,
and St. 8 in the Indian Ocean. See text for detail

PEE CHEMEL, AR OB ET LI LN TE
720 D-Loop#lisi & kX5 & BB o 7258, —
BRI ST 5 16S rRNAFHIS 028 Btk & Lhig
T5E (BRI - /hith, 2003), SEBBLINTE S
4 TEIER2ME L L, ThonTasy 4 TS RE
BEPoTze TOT LD, WS OB 22 Rk
FIHBTEXBIDEEZ SN,

AV PR PFEOEMEZILE T2 &, BT
Oy A TIERRY, FEEBEREIINISTH - 72
n7ay L THBEBEE?S, 4 ¥ FEOEMIZILKF
PRI, ARICEENICE R >Tw, 41 U F
HDOT A NEA Y FEDT I ANV ERBIZIE
AL T WD (B, 1995), F 7z, dvprke
RICBUI AT A H 054 HER L TCwawoT (i
4%, 1995), BEIERIICHRE SN TWwD Z LA S
bo HA ¥ FEEICE, VRS A MAAERR ~ 570 A
OV AT AT B ARB IR 2> & I L 72 v ¥ —2
WL ZOBFHTH LT 7)) 7T AWRFT 7)<
FIH AN IO EFE~NFEI (Shotton, 2006), Z DT
TEENREN L BRI DY, T—A TV TD
MU AZALI X SR N B WA H > T, A=A MTY
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WAH Y CF, 1997), BA ¥ FEOT A4 HERIE
BRI & o TR O LR & BRI L Tw b
WEEMEDSE 2 BTz,

—7J5, dERFEHECBT DT A A B 1220°-40° NA)
EORPGIZ)E L 54 LTWwW B2 (B4, 1995
I, 2010), EWRLELMT R EDOHADE VDS
INEFEL ENT A HBOEIZ GRS (B
5, 1998), F 72, ThZhOHEEIIHLRY AL &
KB ND T, AT AFE T REHOR
AL 2PN D EHE SN TS (FEES, 1998

R A, 1998), UL, AR LU, Fyfl
Exact testTd #HBIIZ 21X % h o 720 M Z 25
NELZ, A2 SN & v ) BEITK & k4 M %2 R
i U CHERBIRNT 217 - 72858 (Table 4), #FIMIC
HERERDRO SN h o7z ILHOERIZNEY
E330cmPl Lo KRB kA% <, AR E Z0
NEBE,POETNREHEN SN, 22T, HEF
F30embh & FKAE F NBE, 30cmAi & &L F N
& 53717 T (Murata and Hayase,1993), Zh-Zh vl
TLTWAIREL-E A, FELIMINTER
ol (Table 3)o IO DRSS, LKFEHEI
ST BT AA AL, —DOORERERNTH 5 HEkE
BER LNz, 12720, FROF—7IZonTid, &k
AEFNEAREINENETR TS5 2729 T
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Fig. 13. Neon flying squid jig.
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Fig. 14. a. A photograph showing the elongation of
the tentacle above the surface. b. The remaining
tentacles left on the rack as an indication of the
breakage point.
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Fig. 15. a. An indication of the breakage points at the proximal end of tentacles for squid having
lost 2 tentacles. b. Squid with the regenerating patterns at the tip of the remaining parts of

tentacles. The scale bar indicates 1 cm.
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Fig. 16. A tentacular club of a neon flying squid.
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1 - Tentacle

—_—
Pulling direction.
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Fig. 17. The measurement of the breaking strength
of tentacle (s) by fixing the mantle position and
pulling with a spring-scale attached to the jig stalk
until the tentacle was torn off from the base.
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Fig. 18. Hooking patterns of different hooked
position of neon flying squid.
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Fig. 19. Hooking patterns of neon flying squid according to the catch and fall-off events.

Table 5. Size range of captured and fallen-off squid
according to the hooked patterns

Mantle Length
Hooked pattern ~ Situation
+SD (cm)
3 ormore arms ~ Captured 368 +66 33
Tentacle Captured 284 +4.4 b 4
Tentacle Fell-off 283+53 P 4

Different superscript letters indicate a significant difference (Peritz’s method; p<0.05).
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Tentacular club length (cm)

Fig. 20. The fall-off ratio according to the mantle
length, indicating an Fj, of 37.4cm.
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Fig. 21. The mantle length according to the
tentacular club length.
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Fig. 22. The breaking strength of tentacle (s)
according to body weight in air.
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Fig. 23. A comparison of tentacle breaking strength
and body weight in air according to the mantle
length.

E— Fi&5 H CTML36cm (26~46 cm), 6 H T
ML36cm (21~49 cm), 7 HTML38m (24~50cm)
ThHoTlo

ATORERTIE, ML374cm & D /WK XD 7
B A PSR AR Z L% T 5 2 L0,
FRAEF NIEORE R 2T 5 2 LRI L 5T
HHETHLZ ERRLTWD,

BRI K ERe A4 Fa—F —DfETH R S
B, ZDEZBHDRKPTEZ o Tz, MM
WiaR BE VTR 4 X LR H D, KEH A X1T Ll
FEATRE L, il 1 R CTML4Al4cmBl L, filili 2 AT
ML577cm Pl FEORE Ll OfE iR E % ks 2 &
Vbholze —JT, Table BIT/RT L 91T, fililiic
X280 T, 3BELLE TS D L2
A ZDOHAE I FEE I, BV EGZRLTw
%o Chen (1996), Chen et al. (2008) X, 7H 4 7



62 Kohei KUROSAKA

O fils s LAS oD Ath Jgts o> A W i B VA bi D 2 ~ 3 B 2
EERMELTEY, byt ofli csrta ) Lz
GBI RENEH N E V) G ORELE —HT 5. #
BS54 v 0% FAFEBICBT 5 bk, LR+ 5
FEOB X L TEEDY L2T A I 25 EATE)
FRITEINZEXICL > TEL AR E V. K
WEFEC B 2 iRk Wi R BE o 2 1L, BT O
XA L0T, EETEHO LSRG L S 3 HH
LTHELT, BZ5 o3 2niMmEs LTk
BNFHEL CTWAZ LD EZHNE, FEBRRICET
LK OMBEHEEIE, B LATLIHEOFE LA
B OO ORI INHEET 2 & b 7% ) L#ATH)
(Thompson and Kier, 2002) T, fltlins5] -5k 5
THRIHCHETAZ LI o TRIZ LD EHER SN
%o

C OFEFALAME TEH DY) L2 T A A A AR T
EAEMH L, BOHE b R0 K 1% o Blg Has
B Z e EIE L TWh, TAA4 A 3EH#E» Y o
AMEATE) ORI, FEERE A2 I S & 72k M HEE T I
Lo T, O REEZRELLTWAIELER
5N5,

Kier and van Leeuwen (1997) &, 7 XU A7 v
A4 5 Loligo pealei W) % e 3 % B o fili i
FEIZOVTNA A= FARXATIZL o THITL, fil
Joi 2 el U 72 B\l & A o 7220, SIS & 2
fil U7z B 2l 2 4t L 722002 X720 & 5102, Kier
et al. (1997) &7 XU B v F A4 H0EY %l
L2 EDO—HOB) X DFLEL 720 ZORRE, fillli
MEAEYZWIRT L L EORMEHENL Z & 2 i5E
L7zco F7z, AT i cAEmEML, 2o
B LA O TRz AL Z & RAERRL, To—
HOBEPHAT L v o LIFBRETIrbRLZ L%
TR L 720

A THRLAEEIIE, HEITAL ok IFEET
SHE D L7 A H T B ST & bR L 72 f21c, BA
REAILCRRATEN 2 L B0 KBNCR DT A h O
A, SR AT A o ZIREDBIER SR T WL D
T, BLTEEETOAL D AROTEFRIEIIAKE L,
IS HRBEATEI AN D A 2 & TRlbaE I O J5IR & 7 -
TV EHENEING,

Fig. 20D $93EMR & & DL AR DR 4 X O BIfR A
5, NS A ZDT A4 BT EMBEOBERRE (Fig.
21) 3/hEL Yy, kMM A2 LChik 3 5 M
M2 s EERLT WA, L), Fig. 220BWE
fol T T SR EE D Fe i1, MLAZIEDWTB D, il 1
RCEIENIH A - 7256, MLAl4Acmbl o & &1
R CTHEZXZAZENTET, FLINUTOM

B A A OB4C b MlbRE WriR B BW T IZ AL EE
THY, fllinikr o GEMEIZIR S o FAREIZBEH A 4
S AL E L TChllEd vz 1 BELl Ex H$ 5 2 &8
HbH, MBICHRBEOMRLRHEORD AET5 2
LM Twb (Fleming et al, 2007)o 72, 7
2 ¥ 3 Ocythoe tuberculata\I 3 DRI F A DB
DN HE LT, A ADERNIZEMFL, D XH %
BEEFFO L ONDH S (Okutani, 1990), FIEF 1~
D% LT BFECBIT ST H A4 OfBEBETIE, BN
WZHloEo N7l chy, ALIERL225DTH
%o UL, Zomkridmistigrans s, X
D B 2RI BRI D 72 DR EERME & L CRIR
N T WD 2 EREZ bND, BERTIC X %%
N kAL ZHR/NRIZT B 72005, il Tlds <
il & 28 ) OBELZ FHO LT LIZH S,

Table 5ITR L7z X 952, filtfi LIyt oo fbfse <842
0 U7z 89S AR fil g C ST D L 7= SR T OB
AL D KM CTH o720 TOREIE, 1 HiFFET
il CREAEM R L, < OB LA Mk T AT
W% ¥z A (Kier and Leeuwen, 1997) & & Ol
WATH LT 23D EEZ N5, 05O
TEZRKIE A HE A D7 Tt A F o i THEEE$T 2 3 2 JA A
T HA AL, B WR O R SIRIR T 5, 2D
ZEDORHEET], T b LRI HEICT
FTOOL BERTHNY &b, RV A4 2132 o
ENVBRKENTD, FATLHET AV ORHE] % fil
fEcHife L7212, iAol claz itrd ok
# 2z 5Nh5b (Bartol et al, 2001a; Bartol et al., 2001b;
Webber and O" Dor, 1986)

AW 250 | 2 C 5 ) kS L 2 i/MET 5720
2, MR & o THRMESHHRZ S5 2 EDEET
BHBHERBEINTZ, TDIEIZDOWTKET DR
& OKBEIT, 1996) TIXSIBEOAEIC X o THIEZE DS
R, TR0 EZ T IMREEIC LS b0
THDHERELTVS, RETIEZOMROTRE%E
MARATHLEDIZ, b)—2D7Fu—FLLT, 4
7 $IFE D% AT RS % B3 5 2 & TBi oS
) ZBRg T EICOWTHETT b,

ENE 7HAHPVICHETBIHIELE L EMIFES
& DR

41 &

il

B ETIEBEH S OF AT T B 2 Mlubink b ok
M2 R L7z BERSOAEZERIZO VT, KiE
FFOMA OKEEFT, 1996) ([2X 1, JHE WK THESR



AT A1 A4 71890 WSEIZ BT 2 S9SN ) B2 B 2 hFE 63

DR Y, ¥a—7 5 — MaSREHRIZHED <R
715, JFEURFEH 4 DL EOTEROYE ITHE R O 815
TIRERDIE P o722 805, VEES) & O BRIIR
BEINTWb, LAL, ToBgnuidinl, Bl
DR SN TR,

ARWFFEIE, AAEB DB I R TREII OV T,
L0 BARMICIBRT 5720, fMAEBI0fRE L LT,
¥y F U rOBEZT5 %2 5N BHBOMEIC
MA<T, u=) > r7oEgBsziiseEzohbzly
BOREICERL, ay x5y 7R EITo
720

42 MEEFTE

2003~20054E 12, (Bh) KEREMEL Y ¥ — B
AR CHRSHRE LY ¥ —) PER_LE, 478D
A4 (RIS, 2005 10F, 2005 ; MK, 2005) 12
BWT, 7THA W OBEBLICHET A2 EIUE L
7oo AAAITII R H 89 ) MRS VHAE AL (276GT,
56mLOA) % L7zo —fIlTK - dEIA B850 i
M, WAZOME 2 SRS, THEA 7 85 % il
BL, ZNENROHEOTIIEFH Y LTINS 2T
BEEIMIINT THRE L TWb, 8%, 2Rk
DHA Fa—5—%FMLCTHPICEALSNL, HE)
A A EIBEMY-10 CRFIEREET) ZHE 2 SIS
P THEIC T ~225 8% & LTkl L7z BRSO
PIFRORBLE % Fig. 241K L7z,

LR D 4 BFEDOALEIIZSIBE DD 0 IS BIIRS 2
MO 4 vR—9—%&iE L7720, $IRGEITGR
228, 216 TH o720 UV AT 4 v 7 BIRGHTIC
Moo TlE, BETLIEH2HB2T O TIAEEL
THY B, e SMEBICHT CHREET (1, 2
FH) 26X (21, 2258) FToOFRHIKEL EHKL
720 72, 2005FEDOFTAFEICBNTIZT7 T L 9 1%
&, BIEBLE R AR O EBR R EE L 220 (B
¥, 2005), A L7z ZUBRIIEE 2B ML,
WEERIIZEVZ TG, BEERICERVWZITIRE
RE L7, ZUBOESIR, BVZFAEHI450m (22
GO A336m), HWNZITHEMPFLIBMTH - 720 FIHk
ICRRIE T A8 HITERTA Y — ($16mm) D FIZT
FARMAEESE, Vv K6 ($HEE16mm 6
RITx 28) % 1mBkECISMEMNT (577 2 DR
(& B S EHESN 6 A1X120%, PR O#EAFE 6 A13100
7, TORHE 3ARIE805, I FEFLSEDHIZ50%5 D
77 A %R375m), O FIZEE600%4 (225kg) D
SEA LD A7z, $9EIE, HSBROTMICAE T 5%
WY 7209 HLAMEMOAIED 1572,

Portsig Starboard side

Line hauler

O 20 9 N W A W N -

DDDDDDDDDDDDDDDDDD?DDD

A e o v |

Automated squid jigging machine

Fig. 24. Allocation of the automated squid jigging
machines and the net rack on the jigging vessel,
Hakurei Maru No.8. Arabic numerals indicate
identification numbers of the jigging machines.
Roman numerals show the machine groups as
the levels of explanatory variables of the machine
positions.
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£ETFIVOAICk Table 612, EINENZEF VD
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Fig. 25. The fall-off ratio of squid by the length
class of the net rack and the machine group in each
year. The fall-off ratio shows the percentage of the
number of fall-offs to the total number of catches
and fall-offs. (a) Wind scale of 4 or less (b) Wind
scale of 5 or more.
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LYy F VT OREPHINCRE WLEIZE, JHD
RETRIBHEDPAERID R B D 2 EARBRENTZ,
F7:, RIAEVEL, $EROBANEIRM D S iR
LTk blin 5138, Mbu—1) ¥ 705
BV REWEITE, WEPARIIH R R
5 ERRE NI,

A F1 HE O A THEEES 2 R L 2 5a i3, vk

Table 6. AIC values for models of explaining the fall-
off from jigs. The models were selected by using the
backward step-wise selection method.

Deleted variable AIC
none (full model) 15421
side (port or starboard) 15420%*
year 15430
cradle 15447
wind 15428
position 15522

none(model without side) 15420*
year 15429
cradle 15445
wind 15427
position 15520

*: selected model

Table 7. The estimated parameters of the selected
model of explaining the squid fall-off from jigs

Explanatory variable Estimated parameter (SE)
intercept 0.566** (0.088)
position (relative to 1)

il -0.071  (0.103)
m -0.252%%* (0.094)
v -0.336** (0.093)
\% -0.374** (0.094)
VI -0.370** (0.099)
VI -0.133  (0.094)
VIl 0.031 (0.095)
X 0.057  (0.099)
X 0.293** (0.105)
XI 0.205* (0.103)
net rack (relative to short)
long 0.205** (0.039)
year (relative to 2003)
2004 0.152%* (0.053)
2005 0.215%* (0.061)
wind scale (relative to 0 - 4)
5-7 -0.214** (0.071)

**:p<0.01, *:p<0.05
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Fig. 26. Positions of the attachment of acceleration data-logger on the jigging

vessel, Hakurei Maru No.8.
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Fig. 27. Schematic diagram showing the attachment
of acceleration data-logger to the wire line (a) and
roller (b).
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Fig. 28. Time series data of depth and acceleration obtained from No 2 (a), 3 (b), 10 (c), 11 (d), 19 (e)
and 20 (f), respectively. Solid line and dotted line indicate acceleration data obtained from jig line and ship,

respectively.
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Fig. 30. An example of the recorded variation
in acceleration by a squid being hooked during
winding the jig-line. A peak between horizontal
arrows shows the maximum positive acceleration
when a squid held the jig. An upward arrow shows
the time of detecting the load on the control panel of
the automatic squid jigger, which is close to the time
of maximum acceleration recorded on the jig line.
Note that the local peaks of acceleration around the
time of seizing (or grasping, attacking) the jig could
show incomplete hooking of a squid. Fluctuation of
the recorded acceleration was caused by the pitch
and roll of the ship.
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(Ichii et al, 2004 ; Murata, 1990), ML 35cmbh 1%
KB A X, ML 35cmAi & /N4 XL Lz,

721 EETEGEHORE(LHER

EANESEITIEA 7 8988 (MRt A SR
PR, MY-10) %4 f%1C2148, Afic22kg 2 i 2 T v
% (Fig. 31)o & EFRERORELARKIE, ¥a—
74— AN BER 4 LT OFEE R MR TV, 20
FUCTHEENRE SNDZEVWZTE (LTS,
2008) DEEMENT WAL A E NG E L, HREH
D45FE, 8 5HE 1054, 1454 1651 2075H%
ZRH L7, &89KICIE, 15 0B 2 B 7289
B4 vRBOBL - BLEITAE72000M KT L0
FEZ 28 oMb o> TWwb, 20084E6 H3H~7 H12
HIZ2F T, S EFHER e LT3y iy o h s
436501z % HLL 5010 #E A 5 80IlE % 6 B D A 1 $9kk
IZixE L (Table 9), WEzED % 2 A4 H $I8H1C,
S L 7ok & ik L 72k &2 5 L, CPUE% R®
7oo BUENZT H 1M, & 1EKEHT, MEORMAERLEDL
L b FIENL W RS NS H R % TR T -
7oo WHEMIZEE L CIX, 6 FEFHO% LIF IR X -
TENENPEINTT A B & BT, ERIHD
SMEXRI0MAIRE L, MLZHE L7z, HEICEL
TiE, 4 HIPEOHNET L UHRBEWIIKE D%
Sz, 2 b TWAEAARNT LD B, AEH
DN R T A—BOAERL, EHEOHY H LNk
Bamaionize L, $1ROFLEKRGEEZ150mE L7z,

B EFASECA A HRE, B R TR MOEN
A HWFIEDOB LTI T35 THEL, &2ToA4h
FIREDE T 25 T LT SRBRCH D H L% BiG X
FAEPHEE Lz (MY-10 Hrp il ks
ver 20, A&t FRMEREER) . ZonPZED

Table 8. Capture situation and upward jig speed immediately before hooked

Date Aug. 8, 2006 Sep. 8, 2006 Sep. 8, 2006 Sep. 8, 2006 Sep. 8, 2006
Beaufort scale 5 1 1 1 1

Position of the automated squid

 osition of the automated Squs Midship Midship Midship Midship Stern
jigging machine

Caught or fall-off Caught Fall-off in the water Caught Caught Fall-off in the water
Hooked pattern Three arms or more Tentacles Two arms Two arms Tentacles
Hooked depth (m) 155 140 140 145 90
Hooked time (h:m:s) 20:42:45 19:24:42 20:03:20 20:10:50 19:28:25
upward jig speed immediately 16 27 L5 14 25

before hooked (m/s)
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i, BEFHEBIC 2D ST, BEIRND
72D DA WFREDOHET A R - B LTS 1 A
fa—2of BEAM =28 PELL 2D, L
P LEBROEBEETIE, ST 78 E2R LS LT
R TR S & 726, B EF IR X - TR
L= oA - ¥bR%5, £2T, CPUED
BHICHzo T, FARRMS L2208 LT,
& FAFHEER T L IC 1 RS20 02 fa— 25 (s)
RACLVER L

T3, Abo—2 #2058 L - B RO
M) kDb E,
. d . d
%132 k%132
2T, dIZFEAEE NIERM LR, RIZE BT
WEE Lze B, HEITA V2 BEMOLNMFT L
DJEFEIZ1.32mTH - 726

WIS, 1R (T) M- oA bu—2HERD
5L,

T,

! (14)

S:f (15)
Lk bo

SR AR BIEA P — 7 BOTlRLAzb D% 1
A ba—7 Y70 OFEREKE (f) £55HE,

__c
f—b (16)
Y b,

CHIZIHERS -V DR b a—2rs2 L, SIBE
BoTHRLEDDZCPUE (BYEMAEE / BRERH
/ ﬁg%) k%%bf:o

cpuE="X3) (17)
w

722 $HEZA L EREE B OMHIRITEICE
¥ BEHHE

Jna# v A — (M380L-D 2 GT, Little Leonard Co.
Ltd, Tokyo, Japan) #Fig. 321ZR 3 & 512, $1HD
TAX =& F 4 uriERE QMBI S, $E
SA O LEABEL T A4 S OFEEHERATENC S
BEHIZAT o 720 SHH 0 B o0 I oD RE 45k & ki
05— OB ) AP IEARM ORISR (10585 F 721311
) 04 2898k (Fig. 31) Tiro7z.

A HERITIATE R T 22 MEH L, &L miniid
W65 IIRICREE L7z HIE305 25 HINE TOM
TT AT LT o7 B oL &2, §2
REMZ D7 o TN o & — 12 X A FHl & 8l L C
1To7z0 B, B (BIKS, 2008) 1C#E L CTRD

Starboard side

«—Shortnet rack

Portside
1

Longnet rack

® : Monitoring position for
catch and fall-off events

O : Monitoring position for
acceleration data logger

= 3 o o e e e e e s o o R o I R o)

Fig. 31. Arrangement of the automated squid
jigging machines on Hakurei Maru No.8, for showing
the starboard side monitoring on catch and fall - off
events.

Table 9. Combination pattern s of drum hauling
speed setting-according to the automated squid
jigging machine for monitoring

Starboard side

Automated Pattern(D  Pattern@  Pattern® Pattern@  Pattern®  Pattern®
squid jigging
machine

No.4  50rpm 70rpm 65rpm 60rpm 80rpm 75rpm
No.8  60rpm 80rpm 75rpm 50rpm 70rpm 65rpm
No.10  65rpm 50rpm 70rpm 75rpm 60rpm 80rpm
No.14  75rpm 60rpm 80rpm 65rpm 50rpm 70rpm
No.16  70rpm 65rpm 50rpm 80rpm 75rpm 60rpm
No.20  80rpm 75rpm 60rpm 70rpm 65rpm 50rpm

XA To72 T, SIOEPHIERIIR S - E
LA 6 kegf 2B 2 2 B AAMERA L L &%
THA I K BRSO L7 & AR L7z, &
DO p CHNFRE T A — 2508k S N7 PGS & R Bl
DT B 27— 5 MOREED S, RESHZ T
LZ1BHOHEST L o LA EELRD, B, &®
Br—5o% 7)Y IREIE1HzE L, RA#E
R TRD 72,

7.23 fhREIC & B BEEHEHEIRERICAET SN

IR BE 7 77— 2 Y A1 72 8088 T-HRT42ME A 23 $9 4
EN7ze ZOFMSHERATBI ORI, bl X 2 AT
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SHIF O T 1 ¥ O LA M 1334 E1.85m /s, fil
W LA O & 238 2 IABRDID - 2856 0 L F- 8 E
13 F3ME0.93m/sTH -7z (Table 10),

COERE L LI, T H A A CHEEE SIS
LEOHET AL O LREEEHEE LT TORE
PRAT ST 2 33 U 72 IKp O 3 A 5 A fid i 2~ i i LA oD At i
THHEMNMIEBLT, 2HSGMEMEL, $IEFA ¥
OLHAEE (m/s) 2EHKE LTattEr ) i L
Tl THIPE T AR (iR @ p) L OMR%E
oY A7 14 v 73X (Dobson and Barnett, 2008) 12X
D HERE L 720

fil AR plIIRDEF IV TR EN S,

_ 1
p_[1+exp[—(i)]J 18

A= (a+pB) xXw (19)

22T, akpiF, BIEITA O EAEEwDER
HAIEPDT 2B VAT 4 RN T A= TH D, &
NI A5 4 7RDNT X —% ZiRiid (R,
1992) THPE L7z

B AR L, M) Lotk 9 B, sk
AIE CHE A, o AR A3t s DL AV o i -C it £ $ 1 % 3
ATZE EORKMEBIE (MLL) (ZRATREND,

MLL=Y {InG) —1nG) —=1n[Ge—=7)1 +71n(p) + (n
~H1n(1-p)} (20)

ZOEERKICT S8 X — ¥ #MS-EXCELY IV

=

_ 7 | Wire line
Acceleration data logger |g

| — Monofilament line
im ®1.47mm

15Jigs

. Ironsinker 2.25kg

Fig. 32. Schematic diagram showing the position of
acceleration data logger attached to the wire lead
line.

=k o TRD72 Ol 1997) 6

MEOEREZRIT BV 27 1 7 UcBVTUE, #
RO Z R TIREE L Th0%®INEE (L) =
BIRL V52 (Wileman ef al, 1996). &
N5 T, B2 L72TH A4 2D HEH
A TR L 7255 D8R T 4 0 FA#EEE50%
ISR (Ryy) EIERZEET B, Zhbidny
AT 4 7R TGA=F gk BEHCTRD L HITKD
HZ LATE S (Sparre et al, 1993).

&f—ﬁ% (21)

724 BRI OLREEEE ETEEEORR

$H T4 o LHEE L& LR e o BRI
WTHRS 20, @EHEETHOONE/HEFT A
(BRSO E AR e ) (Fig. 33) 251 |z L
T2 EDOHET AV OBEOEIZONWTRD 2, N
R TLIE, 2HOH—Kr 7L —20IZ, 84K
DI E W TR LIS L, Zodicd by = Vv #lo
RA T ERIZOAATHEREIN TS,

Fig. 33 2R3 X911, FIAIIZIZEMYHDS
KONAL T (LT, BIYE Y F) 23S N L85
FTAVIHETHLEICHBESIN TS, 0% LT
7 2 (Fig. 33) 1% LT L AL IZH R
THY, BLEFFITLAOHLHALERD Ty FOHL
FCTORSIF2MY T, RAWIX262.5mm, AT
176.0mmiZ % > Tk, FET 4 o EHEEIZZ O
BNy F&EFTLOHLE TORBECX > ThE
ENb, ZOEREHEHREIMOE LTRSS O@EWHE
Bovyyrz)omE (AES, 2001) 20 HLTW
5o

& EF e (rpm) & F 5 200 HEBID
Oy FubeE TOHBEZ & T2 L, BEH, IZI$E
FTA Y OREBEE Viay (m/s) & LT,

_ 2mk
MAX = 22
Viax 60 (22)

L, EER RS T A Y ORIEESE V. (m/
s) &L,
27Tj2k

Van = 60 (23)
L b,
& LM 5RO B PG (1) 13,
7=k 13 (24)

min
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Table 10. Capture statistics on hooked time and depth, in relation with the upward jig speed

Position of the : Upward jigspeed
Data L ; Hooked time  Hookeddepth  jmmediately before
jigging machine
(m) hooked (m/s)
(1) Tentacle (lor 2)
Sep. 8,2006 Midship 19:24:42 140 270
Sep. 8, 2006 Midship 19:28:25 90 2.50
Jul. 13,2007 Midship 19:10:10 150 1.90
Jul. 21, 2007 Midship 20:56:00 146 1.37
Jul. 21, 2007 Midship 20:52:30 95 1.71
Jul. 21, 2007 Midship 20:24:57 135 1.81
Jul. 22,2007 Midship 19:41:45 122 0.95
(2)Arm(lor2)
Sep. 8,2006 Midship 20:03:20 140 1.50
Sep. 8,2006 Midship 20:10:50 145 1.40
Jul. 13,2007 Midship 20:02:45 140 1.14
Jul. 13,2007 Midship 21:32:50 142 0.48
Jul. 13,2007 Midship 19:14:00 150 0.95
Jul. 21, 2007 Midship 20:06:30 148 029
Jul. 22,2007 Midship 18:39:18 150 0.10
Jul. 22,2007 Midship 18:45:37 35 1.05
Jul. 22,2007 Midship 19:01:55 97 0.99
Sep. 10, 2007 Midship 19:31:05 84 1.05
(3) 3 or more arms
Aug. 8, 2006 Midship 20:42:45 155 1.60
Jul. 13,2007 Midship 21:16:30 125 0.09
Jul. 13,2007 Midship 18:30:01 121 1.05
Jul. 13,2007 Midship 17:40:09 118 1.24
Jul. 13, 2007 Midship 20:15:57 152 1.24
Jul. 13,2007 Midship 18:19:12 138 0.38
Jul. 13,2007 Midship 19:25:40 123 1.62
Jul. 21, 2007 Midship 20:56:00 148 0.0
Jul. 21, 2007 Midship 20:06:30 148 0.29
Jul. 21, 2007 Midship 19:47:23 150 0.38
Jul. 21, 2007 Midship 19:47:23 150 0.38
Jul. 21, 2007 Midship 19:47:23 150 0.38
Jul. 21, 2007 Midship 19:47:23 150 0.38
Jul. 21, 2007 Midship 19:47:23 150 0.38
Jul. 21,2007 Midship 19:47:23 150 0.38
Jul. 21, 2007 Midship 19:47:19 155 1.41
Jul. 21, 2007 Midship 19:47:19 155 1.41
Jul. 21, 2007 Midship 19:47:19 155 1.41
Jul. 21, 2007 Midship 19:47:19 155 1.41
Jul. 21, 2007 Midship 19:47:19 155 1.41
Jul. 21, 2007 Midship 20:48:00 146 1.71
Sep. 19, 2007 Midship 17:52:50 29.8 1.52
Sep. 19, 2007 Midship 18:13:50 31 0.71
(4) Bite jig by the mouth
Jul. 21, 2007 Midship 20:21:10 137 0.76
Sep. 19, 2007 Midship 17:52:50 29.8 1.52
b
73 #% B g e
£
o — =1 - s)
7.3.1 B LEITREEHORELHER ol €
s p 12 e,
ARSI, & BT IR O s LRI D W e o\ 176.0mmg,

T DR ZITV, GEI620[AKD T 7 A 7
ML 720 B RIT MR OB R E Fig. 341K
L7z TORR, HH500HECTIXBERI9% E 2D,
15:5765~80MmlHL & D THE 22D 57z (peritz & |4
OJ5 s kW - FHH, 1997, p<0.05). %&b, 4560
BlED Gk TIERE IS X BBEERDONT Y FHKE
{, MoZ FIFTREEREFERENRAON Do 72, Fig. 33. Plan configuration of the octagonal
i )5, H35-80mlHiE TII M =E48% & & <, H/50~75 hauling drum for winding the jig line.
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¥z & O CTHEZESHI Sz (peritzd ik, p
<005 PLEXD, BidERL$EOE FIFEEmEIc
BEEZEREH Y, B ETREREY RO D LR
PR, FiFsERERIIKS LI LD DI
726

B, MEEATSZWMOT A4 HOMLIZ6 AD
E— FA»ML36cm (22-48cm), 7 H D E — FAML
37cm (26-49cm) TH - 7z (Fig. 35), Z oM
DIEE, 64%D50% W& (Fs) (Kurosaka et
al, 2012) ML 374cmbl Lo KEIY A4 ZCTH -7z,

7.32 k(I & B BIEHSHAIRER(CRA T MR

RN O HUBE 25, $B T4 o EREE
DB & XL, Ml DAt ok T RS 2 8 2 A T
FZdh B 2 EAFER S Nzo M), $9EF A4 YD L5
HEEAHE N & Xd, filbi CTHEAH ST 2 T S I
Holzo & ETREEII S A M X 2 BEE O
LTI AT 4 v 7RUTHBTUIDTIRT A= ¢,
BaHERE LTze TORRE, 155N 72% LT MUk
3 5 kiR (Fig. 36) %, &R L7z

80 4 N=10 :
ab ‘[
860_ \?
@] 0 P
o 404 B D b
'—4? a -
= T °
=20 A :
Nl

50 60 65 70 75 80
Drum hauling speed (rpm)

Fig. 34. Box plots analysis showing the fall-off ratio
according to the drum hauling speed. Median is
shown by a solid bar within the box; 25th and
75th percentiles are indicated as box ends, with
maximum and minimum values are indicated as bar
caps of each box plot. Different set of letter shows
significant difference by Peritz's method (p<0.05).

B juneN=1189

20 25 30 35 40
Mantle Length (cm)

B July N=1575

20 25 30 45 50

35 40
Mantle Length (cm)

Fig. 35. Mantle length of sampled neon flying squid
Ommastrephes bartramii in June and July, 2008.

_ 1
p= 1+expl— ((—7.938)+4.518><w)]] (25)

T/, koohal 2514y 70N T 2—%
M o =-7938, p =4518% 1, 50% filt i Jifi P =%
(R5,) Wi EHHEREIX, (21) XX Y 1.75m/s& o7z,

o EnL, FEITA YO LA HENLTm/ s &
D & BT AYE < R D, AR & LTl by
WX BBFEOWREMN 2 R X2 EHMIZH 5 T & H Wl
a7z,

733 #HETACOLFREE LB EIFEEREORERF

BRI AL o ERME L& EFRERE OBRE
Fig. 371K L7z RITH TR 7250 % fil e fi PL 52 05
L AMEL75m/s & & LT MR E OBRE A D &,
485360 Il i LT CUd b 5 3 £50.92~1.65m/s O i A
& o TlbEH PR O BMETH 5 1.75m/s% Tl ),
44365 DL Tl b5 EEEA51.79m /s ~2.20m /s D §i
PH & 70 5 TL75m/s% 8 2 5 5280l o 3% v o 355
a7z,

COMEREWE Z CTHERREAIT- 7, MERE
D6BEDA AR M7 0 OFERBUXAFH0ME,
PRI AETI00E ], B A o — 27 BudEET146
AME—=7ThHotz, (15) XAEFHLTILHERMY7
DDA MT— 27 8ERD RS, 4550005 T154
|, 60§z C17.1[], 650 #xCT17.8[8], 70§z T185
I, 75W14%C19.10], 80ll#ETL9.7Tdh - 72, KIZ,
(16) XAEFMALTA bu—2 470 o EEAK
RO 72AER, 5500 §5 TOSME A, 600 s TO0.50H
&, 650ml#x O3, 70Mm#ETL2MEM, 75m#ET10
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K, SomlfE COAMEMKTH - 720 (17) XEFJHL
TH LR OCPUE%R Ko 7> (Fig. 38),
#E9, CPUEWR4E4r70MgE, 750 T2 221448
K, 183MEfk L B iz /R L, 54350100z~ 65l fix 3
X O80Mlix & O MICAH BRI SNz (peritzd i,
p<005), PLE XD, 454580M#5Tik, CPUEIX851H
REL, BT FIFCH 43 L b 89#Em -
WA O DT LI L 72,

74 %

AMHES (1981) &, 774 H3lbink bre b H4 %%
WHEEKRD, BENY =V EIEFEEKEEDS nE
HEZR LT B, T 72, Moo A A SHO Ml 388 A O Fl
PICHEBELRREHEZ R 2T LEEINLD, THADORE
EZFTLODLERBELES A 2VELANSDH, ik
OFEAEB L OEFERIZOVWTRAWTH Y, =
BICRALPDOREE XTI b EL LELL
TWb,

51T, 1979, 19804E10H ~11 H »155° ELL 1 i
BT, MLMEHVPAETHEINTZT AL DORH
A il 2 RO M R & FE 72 e AR O ML % Lk
L 7R3, ARk % £¢ O AR 0 5 2SML 30cm A i
E— FO/PNRIY A ADS W E2HE LTS (FH
5, 1981), Kurosaka® (2012) &, /NEH A4 XD )5
PPHERITF NI EEZHELTBY, ZOERO1 D
RS HHIRATENICH 2 L EL L TWwd, KUY A X
W EHT AR T A TR LT, il X 2 A S
WETV, ZORICHK X B muvigEK HHEE T
BHI AL o LFICHIE L, il ofikz - <
Lohh L2 AL b0 LERE LT, il
B, AN A G L HE A T 235G e D il TR S
AR L7281, EATH8ET A4 VB3 il
B A TEFIFHNT, HIICEL b0 LHEREL TV
Bo S O & B S O I/ 4 X H3 il
W LT VwE TR LTBY, MMV A X%2TES
TN ) S WHERPULETH 5,

T A S O MHEAEITTIE A XX o TRE DY
(Bartol et al, 2001), #EHKEEI DIV L BER G T
FTUOOLEELTFHIL O LNEV, €22 TET,
BHT A4 O LAEEIEL B 5 &bl o] ferk
WEL DI EIIOVWTEET L, T T, 4565
Mgz D EELEMETAM T 2OBRPLFHE L R
SR R R L 79m/ /s, IR EL20m/s & o
7z (Fig. 37 —F, MAET 7 — % VT8
BS54 o ERHHE (Table 10) &, #4650 iE T
BRI A v EBRTEBCBNL 27— Th b, #

100 8

9

80

70

60

50

40 O Arm hooked (n=35)
Tentacle hooked (n=7)

X Tentacle hooked ratio(%) |

30

‘1l

0.0 0.

Tentacle hooked ratio (%)

IS
Frequency of arms and tentacle hooked

1.5 Rso 20 2.5 3.0

Upward jig speed (m/s)

Fig. 36. Logistic curve analysis for tentacle hooked
ratio according to the upward jig speed.

25 ¢
z 20
E Rsy
B
% 1.5 F
.2
T 10
S -@- Average speed
> 05 | - Windinginlong drum axis
’ -&- Winding in short drum axis

0.0
50 60 65 70 75 80

Drum hauling speed (rpm)

Fig. 37. Calculated jig speed by the winding drum
shape, according to the drum hauling speed.

30T 0 o

251

201

15 1

a
a
10 - % )
5 -
50 60 65 70 75 80
Drum hauling speed (rpm)

CPUE
(number of squid caught/ hour/ jigging machine)

Fig. 38. Box plots analysis showing the CPUE
(number of squid caught / hour / line) according to
the drum hauling speed. Median is shown by a solid
bar within the box; 25th and 75th percentiles are
indicated as box ends, with maximum and minimum
values are indicated as bar caps of each box plot.
Different set of letter shows significant difference by
Peritz's method (p<<0.05).
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W7 — & (Tl O 3 A51.85 m/s filthi LAt o
DT HPBEA093m/sE 7Y, WId KT 405
Ko7z FHRHEEORPINC D o 7o AR ASE A
XY BEAS T - 72010%, #H TOHEITHT 5
HRIPLR BB R E b Tnb EEZ LN
(A& - Wb, 1978)0 M)y, mmEEAEHMEL D
BUIAEDS Bl 5 72 D1, AREOEBH$IEF 1~ IR
WsoH2l, BOHOWIIHHTA VA FTAITENLR
59510, BAICEENKRELSRVHEITALA Yo 1A
HEEDINAE S 5 Z ETRKT 5. 72, W45 60
O EEE X 165m/s (Fig. 37) &, Ry ®175m/s
Z TR TWAIZH b 5T, BEROFHHEIZ4
% & Motz (Fig. 34) TNEFEBROHET 1~
B R 52 BEFMD Y, 895 T 4 0% TN
RSN L7272, Mmoo 22 Lick
HLoLHEEI N, X512, 84580z TIZCPUE
M Lo 725 R S RO LEREZ b b,
VRS (1995) KB A ZDT H A %R
ST L7720, $IRS 4 Vo EREEZ08~12 m/
SICEEE L T8 P Min i 2 28 2 72 3836 Tl 2
To720 TORER, LHAEEZE TS &P IR
SN, CPUEBIKRT 352 LZHEL TS, K
WRTD T H A A OBLEFELE TR E OMR%E
ARG, B LR R T & ISR, fil
WA E I S 72A%, CPUELKT L7z,
ZOKRNE LT, Fs (Kurosaka et al, 2012) UlEo
KAV A ZOEFEWI264% D HDO T Wi/, BiEHE
KRR REB RSN ol b2 5N 5, ), B
70~75M#x CCPUEDH ¥ » 7= (Fig. 38) o3, %
AP PEE S L2 & TR bu— 27 $ L AR
BossamL72720Tdh b, CPUEIX]1 X hu—2 47
D OFEMARFNC 1 RS- ) DX ba— 2 x el
2D THD, YLy, §95m FIIEML35embl
DRI A ZTIE, & BT EERE 2 155770~ 75 15 0
HiPH CH OB R EERE I TR bo— 7 $e i
TERRMNTD B, My, fill ik b o v REYE DS W
ML35cmA&di O/ 4 X Tk, $ES 4 >0 7 HE
FEASLT5 m/sLL T T Z 5060 &k ) 3352
& AR & BLE R OISO 22 ) BRI TH
%o

bz ers, 704 h0F#n X, FTHiR
W5 TR R ORI 4 X12)e U TS RV lE=E
W32 e, NELXZIRRSEL2ERL2HETH S
R RN E FEARE L BICRE L, Tab
B, KRB A ZEEROMBGERER UM, 2002 1 /N,
2003) ATV, B LFHEREOREIC X > TRE 4
AO§EZ M LS, FRFIZEE S LB/ A4 X2

DV TIIbREIZ & 2 FEAFSHEHR 2 R S5 2 & Tl
BEmi i 2 s L, SHPMLEEANZMRL b0 L%
ZHbNb,

KRUFGENX T B A4 H ofESAom Ex BHigeE LT,
BB CTERT ARV EL LBIE, ThbLEED
AR E ZOMREHOLNIILZEDTH S,

BIETIE, ERFEEOT I A HEOLEELHY
HEOEBIZOVWTHL NI Lz, THA B3k
197048 S LIS & o TSI T E 7228, 1992
FEOEMEPHETAELOR LERENSET MY T A
D, 19934 LI IZEY D EN i L 72, BIAE
FEICAR, BE PEICE > THREMTDNILTE
D, FHEEMOERAE L HR L, 2»Oo8ERERD
WRL22H Y, ERFHEDT I A AL ERRRY 2
HHOT TORBLEEPERINTET D (HE
I, 2002)s ZNODMEICBITET H A W EFEH
BERNCARIFIH LT WL 2 ED5, 4 A8 ESEKD
BEREIZHDLNRoTWL bDTH L, ZDDIC
LACKFEFED T A 4 HWEIZOWT, FERT O
Barnd L e iz, WREEDOT A4 A WO ERE
ERARORMENLETH S Z L 25 L7,

BIFETIE, BROFHGTRIZOVWTHRIET 72
W, I b3 ¥ R 7DNAGH OEIEEH A S HEH L
127 H A B OEFESE IOV TR L7z FOFEHE,
Z ORI RN AT T B AR, (2IF—D
DBIZNER & A, HEMBAERIBRICEE 2 T8
Pl 22 YR S0 BRGNS, [EIBRAY 20 S0 S B S L B2 C
HHI LML M), RENRE LzbRFEE
AV FHEDT A A HIGHEESFA OB ER S A 5
Too BUFE, A4 ¥ N OB ERTIE, TH 1 HifnE
b Tnwds, RAIFERE L THHOMED
WAL T AWM H S (5= 7, 1998), DR,
HAMICRIEICZ: > TW AL AMOFEBFRD720IZ
b, AWFZE TS N7 WA O Y 2B AL AR
TXLILR|S L7

PUbko2%mE L L2, 7H A4 HEROBY 2 iy
FAFTHI2IE, LD AL 280 HEBROEER %
MR USHHT 2 08 D S, T CTHEIMFETIE, filli
WWrc k2890 % & LoWdzHRE L CTHES OS5
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