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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 VIIL, 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% (F,) 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 Fj, 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
(Rs,) and was inferred to be 1.75 m/s. It was deduced that the tentacle-hooked ratio increases at
upward jig speeds that exceed R, resulting in a high tentacle-hooking ratio and fall-off due to
tentacle breakage. In respect to the relationship between drum hauling speed and Rj, 60 rpm or
slower resulted in an upward jig speed within the 0.92-1.65 m/s range, or slower than Ry 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.

(a)

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. 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 45-109 N 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 172253 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.

FTNVE, MEETHAHOMmgZTN Y HL T
QuickGene (Fujifilm) % F W, DNA%ZHliH L 7=
DNA% 5 » 7V — b & LT, mDNAERETHIRD
NDI T4 5168 rRNAD P X207 TPCRZ 1T »
2o BEED AN X A 51 (AB240152) (Akasaki ef al,
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Table 2. Distribution of haplotypes in eight sampling locations and variable nucleotide sites of haplotypes for neon flying squid

Haplotype

Sampling Site

Variable nucleotide sites in ND1-16S rRNA gene region (5°-3")
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1*
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* 1 indicate tRNA-Leu region. ** NC indicate non-coding region.

Dotted areas for OB31 and OB32 indicate specific variable sites of the Indian Ocean samples.

Accession numbers for nucleotide sequences of OB1 to OB32 haplotypes are AB509444-AB509450, AB635465 and AB635466, respectively.
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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
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

Percentage variance

Region groupings ¢ct among groups

(St. 1,8t. 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. 3,5t. 4,St. 5, St. 6,8t. 7)) 0.01366 1.37
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0.001

Fig. 12. NJ tree of neon flying squid samples based
on nucleotide sequence data of mtDNA ND1-16S
rRNA region. St. 1 to St. 7 are in the North Pacific,
and St. 8 in the Indian Ocean. See text for detail
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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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Pulling direction.

1 - Tentacle

2 - Tentacles

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)
3ormore arms  Captured 368 +6.6 33
Tentacle Captured 28.4 +4.4 b 4
Tentacle Fell-off 283+53 P 4

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

150 ® - 100
B Catch (n=891)
O Fall-off (n=506)
® Fall- io (¥
100 b ° ' all-off ratio (%)
50

Fall-offratio (%)

50

Catch and fall-off number

0 T T
Fﬂ)
5 10 15 20 25 30 35

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.
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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.

421 RREFMEICK 2% - BEERRORE

FREFhoficbBnT, B LI EREL
A WO EEFHE L, BE 1 m 2KET, ¥
LEEHEW 2, BEORERFRE OKEIT, 1996 ; /N,
2002 ; /NS, 2003 B, 2004) 25 & D HIEHNSL N
EHWE N AEAIEE L, HRICOEAET 72, B
VR, K L CHRET 2T % MR L 2o EE
BLY, ISR 2BEE Lo $HIFR - 7o
BEASKEIGETARICANE LI DFLA, &
NIRHMRTLEHENRL, TITREE L. T,
LEHREO Y 2 —7 +— MESER (DF, BhEw
9) EENERL 7.



64 Kohei KUROSAKA

422 BUEREMEES

LR ROMEIENE B2 RS 520, sHic#
Moted BFIEINEPBET L% B LK
ZBLT, QYVRAT 4y 7RI ZAITo 720 BBHEE
i, SRR, AILSBOMEMEMOBRBEME (L
T, ), RTBORE, Kokf (), RAEE
(3), BAC X TRGLARERE (BAhH) O5K
Fe Lo TRTCOFEHERIZ, BHERELT, £
KENOTAIZ1%2E 25328 (Dobson, 1993)
FH, B1FHORERZREL L, AL, £1%
BoXKEDY I —FBHITEIZ0, ZOMDOKETIE,
Y THEKEDYI—%]1, FRUSNOKEDY I —
0L LT, SR¥EEHREL:. HEEHIISEE
1, BiEZ0 L L7, EAMAEEEEOLETVESS
BOVWEFVERREL, RBOFHRERE (AIC) £ H
WTHRGEE TV ERIRL 72

Sz (WM AR SEMAE + BLEEEED pix
ROEFNTEENS,

_ 1
p_[_1+exp[—(/l)]] 1o

A=ata+f+y+d+e¢ (11)

ZZT, Adpoua Ty MT, a, B, y, J, ¢
FEhZENNE, Zi06E B F BOOMREZ,
Bk %3R5, REEYODRIwOWIKs, fiBm, %
FEcDFIEP LIH/A SN 2RI L znfl o 4
HDHL, JREEBEHEIN, g BEPREL 2L &
ORI EAE MLL) &, RATRENS,
MLL=§%§§§ InG) —1n() —1nlG—H1

+7/n(p) + (n—71n(1-p)} 12)

®kX (13) oFboFEHERE (AIC) 2L EF
)Vigilﬂ%’)ﬁ‘o YA

AIC=-2MLL+ 2k (13)
ZZTC, MLLZ (12) X THELNLRANELE,
RIBEMIST A=V B TH 5,
43 # R
431 FRFIEIC K 3% - FEERREOHA

2003, 2004, 20054F D&Y% & 1Bl ¥ o> & 7B IR 4 5L
ZENEN2328, 6852, 3012MHHTH o720 KET
DA OKEIT, 1996) THRMEIC L ZBEED

ERVEDODONTEANS 2 HELLT, ThilLz
R, BAO4DTEIHE L, 4 $EE ZUEE
HEoOB®ERL, HERRKOWEIHICFig. 251278 L
720 B EFRRTEM L -EAKIEEhEN111598 4
L1033 TH o720 ITIE, SIBEREIIAEP AT
ETHRERNEL, RERRHNIEZEE, o7 TR
BRRWHDPHERIIED o 720 R TIIHEIE EBHR S
HEZRONT NG Y F0E 0o

432 BUERLMEED

BEFIVDOAICETable 612, BIRENZEF LD
R8s A —-r#EEEETable 7i2ENEHR L2
AICIZE D BB L HIWF S hiz o, SIRRAIE, %)
A, £, ROOMREEEAR, BOMREEETLRVET
VTHol, BIRENTZEF VO, SBVEOREIM
EMEEZ, VOREI&ELNEL, XNZEREMERRE
BERERMEERLTEY, MEMRRBIIEBRE DR
Mol ZURICELTRE, BVWHORENEDE%
AL, BuZRTARKRTRWZITATHE D%
Polzs FIZDOWTIE, FAKRERMEELY, PEN
Bia RAEAPR SNz, AL, IR TRR
TROELZ R LIRERS 25 120

60
5 50 (waae
Z 10 E % %E
£ 30 7 E - Qﬁ ﬁ ¢
¢ 20
= 10
=% 0 1 1 1 Il 1 1 ] 1. S 1
I II M Iv v VI VI VI IX X XI
(bow) Machine Group (stemn)
100 @
=% 1 (b)
SENRE
E 70
§ 60 | IT &
50 r [=]
S o & Ig
'T.-'é 30 F oo u
= 20
10
O 1 1 1 1 1 1. 1 1 1

I II v v Vvl VI VI IX X XI
(bow) Machine Group (stern)

@ (long net racks)2003 O (short netracks)2003
A (long net racks) 2004 A (shortnetracks) 2004
M (long net racks) 2005 [ (short netracks)2005

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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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)
v -0.374** (0.094)
VI -0.370** (0.099)
I -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. 29. Power spectrum density according to the
frequency.

TEIERETAD0LEEL TS (LTS, 2008),
SEOBRELY, MEOBEBIHEROHEIEMEL T
WA EDHSPIRo7ze KFH (2001) BEdHBE
FEBOBEIH LT bu—VEDREORFELIES
2LLTBY, MEOBBNT I 4 H ORWIRITE % FH
By HREED RE s N,
SERIOERPD, TRRO L ZICHERIEL 25
BRIZBEOEHIGREALTHE I ENHL A E 25
720 —HTHD L X ITRAEFRIBCREEEL 25D
EIHEIIC & A NG OELND R TH B gt AsE
AbNb, RETIIRBELERT S0, 51~
DOLREFREICEHL, 7HA4HORESHBIRATENIC R
ITTEBICOWTHT L.

BEVIE HEAMAHROHDRS AV EREEFTHA
7 OEEHHRITRICRIETHE

6.1 #

]

FEVETREEP Y HROMY AR LITONWT, R
WX BMEEROBEPOMEEMAL, Ca—74+—
b DEIIFER 4 LUT QBB DG &1, $IBARE

MEBISEWEIEREID R, SBICHEBETA2ZTE
KOV TIEHEWZTBICEREWFORENL 2ho
T2 EEHLMI Lz LLRAS, $EOEEIC
BT sEBNLZMRRIZEALRVOT, BEBIYL
BESOBEZFHIL, ThEREL OBREILEYT
LUBENH D,

WAE, KA OITEIIFEIC BRI OIIEE 74—
PELN TS (Kawabe ef al, 2003)o Z ONIEE
=2, EELKESYSRER L 72KE K
BICMAT, 78 LC28hRoiEEIfisfs
o NBEWOHMNBI 278 %, MEET H—
FHWCENHIT A LICZLY, Yo FNTHFITY
Leptonychotes weddellii CIIIRTEEEIZIG U Cikik &
WAMT B Z ERH L T ERT: (Sato et al, 2003),
T, AECEMNONY - HARKKEIMTF »
Oncorhynchus ketaD FEIITENHEZ 52 TnbH 2
EHH ST EN (Tsuda et al, 2006), HEROFE
FHETIIHL PICTE R o 2 ERRITE O3 H
Hahoo#H % (Kawabe ef al, 2003 ; Akamatsu et
al, 2005)c ZOFERIZEMDOARL S THEOEEF
HIZDRHTERdDEEZ, RFETIE, MEED
=% AW TEES ORI L - B LTEEICBT M
HEZUZEL, BES (ANRELRE, Yy F6H
§98t) DBEYE LT A H O Y IREE L OBIRICD
WTHR Tz,

6.2 #MEEFE
6.2.1 MEREOH—ICLBPET A ERREDEE

PANL2006%E 6 H 6 H~9 A30H 2, deRKFEeer -
THER IR (40" ~46°N,150° E~170°W) I[CBWTHEANA
4R (276GT, 56mLOA) TEMEL . Z DO
BB, oI, MEMOMEDOBEA H e (KX
&t EAMBERREENE, MY-10) OHEF(f DU
AY—trAurBoEkeoEFEC, MEED
A — (M380L-D 2 GT, Little Leonard Co. Ltd., Tokyo,
Japan) 2EY AT $IES A Y OM4EE, 20mD
FAaYEROGICEES Z 1 mBB TISER )+
i, FOTFHIZIZ6004 (225kg) D#RFEE Y £}
72bDThHbB, MEETH—IZ X A5, HiE305
BrSHBETOBTT AL A0F LT 78R
BIREE, H2BRER L TiTole TH 4 h 0 HE
HEMLTLIRERIDTORFECHEL?. £7, &
BOEPHEBIOREINEFLREkef2 B2 5
AMLRATOLRZRAM LI L & OIS & EEME
RS L7zo WIS, T A4 H OFESHHEED 5 80



FERTFET A A K0 WEIBIT BB 2B 2% 69

1.5 1
—_—> | —

0.5 1

Acceleration (m/s?)

B T T TR = R=0 R Rt R e e e B B B I T e = i)

Timerecorded in accelerometer

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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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 e iyp: s iy

igging machine Midship Midship Midship Midship Stern
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 (hams) 20:42:45 19:24:42 20:03:20 20:10:50 1928225
upward jig speed immediately 16 27 L5 L4 25

before hooked (m/s)
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722 9B 1> LREE & RES ORMIETECH
T 58

fnEEE o % — (M380L-D 2 GT, Little Leonard Co.
Ltd, Tokyo, Japan) #%Fig. 32i2R94 & 912, HED
TAY—LF 4 aviEREOBEBEHICHD T, S4B
FA Y DLAREL T H A4 H OBRESHERATENICHE T
BEHZAT o 720 ST D BER| O BRI DFLER & M EE
O — QR ) i idERAoRRE (1058 F 72111
BH) o4 #8# (Fig. 31) TiT- 7=,

A APRBEINAB T 22 EHL, BT REB
65 IERICERE Lize HiR3055HE O HIBE TOM
TTHAIDELF S/ SVEPRONI L &I, B2
BEChlo THIEET M —1c & 23HI% 8K L T
Tolz. EBUZ, B (BHS, 2008) [CHELTKRD
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«—Shortnet rack

o

\

«—Longnet rack
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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 65mpm 60rpm 80rpm 75rpm
No.8  60mpm 80rpm 751pm 50rpm 70rpm 65rpm
No.10  65rpm 50rpm 70rpm 751pm 60rpm 80rpm
No.l14  75rpm 60rpm 80rpm 65rpm 50rpm 70rpm
No.l6  70rpm 65rpm 50rpm 80rpm 75rpm 60rpm
No.20  80rpm 75rpm 60rpm 70rpm 65rpm 50rpm

IHHT o700 TF, PBOEDHBBIORINE
HEEBEOkgEZBII2AMLANERI L &%
THA B HERESTORMRLI-BE L AL L, &
D} TR O A — IZFiEk S N7 TR & R Bl
DEFET 527 — Y EOREZE, S, BESZHHRT
21BHONETA VO ERHEERRD . B, &
BEF—so%y7) vy 7HBIE1HzE L, LHERE
ERHETERD I,

7.2.3 MRBEIC & HIREHSHEIRRICAE T BT

IR RE & 77— 2 WY 313 7289 CERHM2ME kD389 2
ENTze ZORESHERITHEOMR, MBEIC X 55
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SHERFE O R S 4 >~ 0 E A HE I FIHME]L.85m/s fil
WELA DM & 482 ARARD D > 72356 O L A-HEE
13 FI41E0.93m/sTdh - 72 (Table 10).

CORERED LI, T A HHE CHER SR T
LBOHETA O LA EEEZHE L. TOLE,
FEEH ST & L L 72 R O HiE & 5 Sl 2 ik g LA A o At fbid
THAHENMIEFEHLT, 2HGMAEZIREL, $9E-IT 1~
O FAFEE (m/s) ZHE LTasEnr» ) BTl
Tl TR T 2R (b= : p) L OBR%E
oY A5 4 v 73 (Dobson and Barnett, 2008) 12X
DHEE L7z

BRI pIIRDEF VTR EN S,

_ 1
p_[_1+exp[—(/l)]] R

A= (a+p) xw (19)

ZZT, ak i $EITA O EAEEDRER
HAERT 20V AT 4 7RG A—=FTH b, &
NI AT 4 7RDII8T A —F 2HKLE CER
1992) T#E L7z,

SR IE L, ) Lionfifko d 5, ik
A CHE A, e AR A b DLAY 0 Jbi < 45 S & i
ATEE EDOBRAFIELE (MLL) (RN TREN5S,

MLL=7% {InG) —1n() —1nL Gz =N1 +71n(p) + (n
~N1n(1-p)} (20)

COHEERKIZT 587 A —% ZMSEXCELY )V

N Wire line
Acceleration datalogger | «

5 —— Monofilament line
1m ®1.47mm

a3 15Jigs

. Iron sinker2.25kg

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

=2 & o TRDA CGHIE, 1997)0
HEOERMEEZRTOV AT 4 Z7RITBVTIE, &
RO ZRTIRE & LT0%BINEE (L) <
BIRL VPSS (Wileman et al, 1996). Z
M boT, BESZHIR LT A A D) bR
DI LG EOHHE T A Vo FAHEEZ50%
IR ER (Ry) EMERZEETH, ThbHiZuy
ATA47RANTA=F a b fERHAVTIRO X HITKD
HTZEHNTES (Sparre et al, 1993).

R50: _% (21)

724 BHESACOLFEE LEETREHR EORF

$ET A o FRHE L& FIFREERE ORI
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(B SR ER e ) (Fig. 33) #S1MEREL
T EOHET A Y OBEEOELIZOWTRD 2, A
AT A, 2HOA—Ry 7L —20MI2, 8K
DOHMEMIHETRALIED L, ZoEtE = v # o
WA TRIZDORAATHERIN TS,

Fig. 33 IZRT LI, FIAIKIZERYHDS
Ko5A4 7 (LT, BTy F) »EsN5E8E
TAVICHETEEIIECRBESNTVS, ZO%K LT
FZ aidduost (Fig. 33) 126 LT E T EA ISR
THY, BEFFT20HLH2LEI) Ty FOFL
FCTORSIE2EMY T, EAWIZ262.5mm,FH 2%
176.0mmil 7z > T\wb, $IEIF A4 YO LA#EIZZ D
BTy FEFITAOHLE TOREICE > THRE
ENb, ZORFEEEEMOE LIFREDENHE
Boyy 7)ot (RES, 2001) /) HLTw
5o

% Y mliEEk (rpm) & N AOHuLed HEILY
Oy FoubeZ TOHEEZ L35 L, BEH, Z8E
FA VOREHRE Ve (m/s) & LT,

2mjk
60

(22)

Vaiax=

b, EEE IET A CoREEE V, (m/
s) £LT,

__2mjk
I/AH.'\' 60 (23>
X% B
& LIPS R 5P HEE () 13,
V=—r «132 (24)
- .

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

Pasiisn shi Upward jigspeed
Data =osiion 0 bi . Hooked time Hookeddepth  jmmediately before
Jigging machine (m) hooked (m/s)
(1) Tentacle (lor 2)
Sep. 8, 2006 Midship 19:24:42 140 2.70
Sep. 8, 2006 Midship 19:28:25 20 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) Am (lor 2)
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 0.29
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 19:47:19 155 141
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
LB, b
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731 HETEEHORELHR

4|4

WA, % B IEROBEERBIC O T
TRIOE DBEREZ T, GE620EEDT I A A '
L7z, & T RIEE OB ER L Fig. 3418
L7ze ZORRE, HHS0METIRBERI9%E %D,
W65~ 80MiE L DM THERENRON (peritz N 4|
DY KH - HH, 1997, p<005). %B, 560 N\
EEEDO S TIIBEICLIBFERONT Y FHKRE
{, % L THEE ABLRENR LN 2072 Fig. 33. Plan configuration of the octagonal
ftidy, E5-80MiE Tl EF48% L H <, BH50~T75 hauling drum for winding the jig line.
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ElEs & OF THEBEMSRIL I Nz (peritz®HE, p
<005)0 BAEXY, B¥EELHADE LIFHEERIC
BEEZBRSDH Y, BEFEEREBO S EHESE
PR, TIWEEHERIIRS LD E0bho
720

B, AEEHoEHMO7H 4 HOMLIZ6 A0
FE — FAML36cm (22-48cm), 7 A D€ — FHML
37cm (26-49cm) TH o 7= (Fig. 35). Z O XM+
DB IL, 64%A50% B %EE (F,) (Kurosaka et
al, 2012) ML 374cmPl LD KB 4 X Th o 72

7.3.2 BhBEIC & B BEERSTHEIRER(CAE T S EEAT

SERROHRBE,IS D, AT S YO LRHE
AEWE XL, DA OMBE TR 22 ATE
\icdh b Z L PRI NT, W, RS r0LA
BESENE &iE, M CREMS MRS 2 EmIC
Holze BILTHEEEIIN T 58I X 258080
WELPOIVATF A4 v 7RWCHETHEHDT/INTA—F ¢,
BEIEELZ. ZORKR, B5N%LITREEICK
35 E (Fig. 36) %, ®kRiTRL:.

80 4 N=10 z
ab ‘{
S T N
S o N\
) 40 A =N b .
: |, B
= - -
< T
H 20 - ’
N

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).
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Fig. 35. Mantle length of sampled neon flying squid
Ommastrephes bartramii in June and July, 2008.
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ik, 80EEE COAMEARTH -7z (17) REFIHL
T MR OCPUEE kD7 (Fig. 38). #®
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MES (1981) &, 744 A bBEn e & A4
MEXRY, REAY—VEBEEREEEDLLZVE
HELTWD, T2, oA HEOMBILEEY O
WRICEELRBREZ R T LINDED, TH1 HOHE
BT LOLERBLEETA2VELENSLD, HE
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A ol A R B 1A & R e AR R O ML % g
L7458, FAMR 2 5o MEMEO 5 2SML 30cm A
E— FONEIHF A XLV EE2MEL TS FH
5, 1981), Kurosaka® (2012) i, /NH4 ZDF
BHFRIRBVILEHRELTBY, Z0ERN1D
TREESHBIRATENC H B L BB L T b, KEIY A X
W EATAHHET A iz LT, Al X 2868800
2TV, ZORBISEHIE BBV iR HEES T
BRI A Yo LRICHIEL, filli DAt o il % - T
Lohh LEHsI 2 READCLDOLEEL T 5, il
T3, N A RN A T H355 W 7 D fil i TR S
AR LRI, ERATAHET A VBV ATl
BioARTEHEEIFONT, HBENICES DD EHEL T
5o AHS O & RIS OWMAIL/NEIY 4 X h3 b
BELR g WwWET—HLTBY, NIV A X%2TES
ETEE» ) LV RFLETDH 5,

THA A DOEBHEET AT A4 XL o TRRD
(Bartol et al, 2001), #ikBEIIHEVE L BHEHE T
FTUOOLEELRZFHPILD L2V, 22 TET
BRI A O LAREIEL &5 LilbiiEigo et
VEL BB EIXDVWTEET S, ZTIT, BH65
AEEOBRESGTAARS LOBRILFTHE L L
HEERIREEELOM/s, BEHEL20m/s & %o
7= (Fig. 37)o —7, MFEET F—% HWTH=H
BS54 o tA#EE (Table 10) 1%, E465M T
BETA VEEBETRBCBN L7 -5 ThH b, Bl
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Fig. 36. Logistic curve analysis for tentacle hooked
ratio according to the upward jig speed.
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Fig. 37. Calculated jig speed by the winding drum
shape, according to the drum hauling speed.
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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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