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Development of bycatch reduction methodology
in Danish seine fishery, Kyoto Prefecture*

Toshiaki MIyAJIMA
Abstract

The Danish seine fishery is one of the major fisheries in Kyoto prefecture, but it is suffering from a decline in the number of
fishing boats due to the decreasing income caused by the reduced quantity of fish caught and the unit price as well as harsh
working environments for fishermen. The fishing ground is located off Kyoto Prefecture at depths of 100 to 350 m. The fishing
season is roughly divided into the autumn fishing season (September and October), winter fishing season (November to March,
during which one is allowed to catch snow crabs), and spring fishing season (April and May). Summer (June to August) is a
closed fishing season. Snow crabs are distributed at a depth of 200 m or more. Flathead and Korean flounders are distributed at a
depth of 180 m or more. Japanese sandfish and pointhead flounders are distributed at a depth of 170-200 m. The type of fishing
net and mesh openings used in this fishery depend on the target species and fishing season. During the autumn fishing season,
sakana net (mesh opening 35 mm) is used to catch flounders. During the winter fishing season, kani net (mesh opening 70-120
mm) is used to catch snow crab. During the spring fishing season, sakana net (mesh opening is 35 mm and 25-35 mm) are used
to catch flounders and Japanese sand fish, respectively. Due to the characteristic of seines, both marketable and unmarketable
species are caught. In this study, shall refer to marketable species as the "catch" and unmarketable species as the "bycatch".

Survey on the bycatch in this fishing ground was conducted. As a result, in the spring and autumn fishing seasons, the bycatch
mainly consisted of undersized flounders and snow crab, which one is not allowed to catch during these seasons. In the winter
fishing season, it mainly consisted of undersized snow crab and female snow crab, which one is not allowed to catch after
January 11. In the spring, the bycatch also included undersized sandfish. The species caught as the bycatch were major target
species. The bycatch is discarded from the deck after it is sorted out. However, many are expected to die from the damage they
receive from being caught and sorted. Therefore, the practice of catching and discarding the bycatch includes the problems of the
effective use and protection of marine resources. Furthermore, brittle stars Ophiura sarsii are often caught in large quantities in
the bycatch by sakana net used during the autumn and spring fishing seasons. The bycatch threatens the safety of the operation,
increases the workload, and reduces the efficiency. There is also a concern that the freshness of catch may be deteriorated by the
bycatch. Such a bycatch is partly responsible for the reduced quantity of fish caught and the unit price as well as severe work-
load, and is one of the factors hindering the maintenance of this fishery. Thus, it is necessary to develop a method to reduce the
bycatch. This study reports efforts to reduce the bycatch by expanding the mesh size of the codend and developing a seine net
with a bycatch reduction device (BRD). I also examined the BRD's effect on maintaining the freshness of the catch.

In order to reduce the bycatch by expanding the mesh size, it was needed to assess mesh selectivity for the target species.
Thus, I performed covered codend experiments, whereby six types of codends of different mesh sizes were attached to a beam
trawl net (with a net mouth width of 8.5 m and net length of 27.3 m) and were towed by Heian-maru, a research vessel (gross
tonnage: 183 tons) of Kyoto Prefecture. Then the mesh selectivity curves were estimated for snow crabs, flathead flounders,
Korean flounders, and pointhead flounders. As a result, it was discovered that, for the winter fishing season, expanding the mesh
size of the kani net for catching crabs from 90 to 120 mm did not affect the quantity of the snow crab catch, and the mesh size
could be expanded to 160 mm after January 11. With regard to the sakana net for catching flounders, it was estimated that
expanding the mesh size from 35 to 65-78 mm would allow half of the fish sized 150 mm (marketable body length) escape from
the codend. As a result of analysis concerning the optimum mesh size for releasing brittle stars from the codend, a codend with a
mesh size of 35 mm, which is generally used for catching flathead flounder, would not allow almost any brittle star to be
released. Furthermore, it became clear that the release of brittle stars from the codend was influenced by the total weight of the
brittle stars caught, and that a codend with a mesh size of 70 mm would allow approximately half of the brittle stars to be
released if brittle stars with a total weight of 200 kg, an average bycatch weight, were caught.

Next, through experimental operation whereby three types of codend of different mesh sizes were tested using a chartered
Danish seine fishing boat of Kyoto Prefecture, The mesh selectivity curve for catching sandfish was estimated. If many sandfish
ware caught during the experiment, the body length was measured by random sampling, and then the parameters for the mesh

selectivity curve using the SELECT method was estimated. As a result, the model in which the quantity of the catch influences
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the mesh selectivity as the optimum was collected. From the master curve with the codend catch of 105 kg as an average catch
weight, the body length at which half the fish would be released was estimated to be 114, 138, and 163 mm for codends with a
mesh size of 35.6, 42.0, and 48.6 mm, respectively. Therefore, a codend with a mesh size of 42.0 mm would be suitable for
reducing the bycatch of sandfish with a body length under 135 mm, the size of low-priced young sandfish. However, if the quan-
tity of the catch exceeds the optimal amount, it would be necessary to use a codend with a larger mesh size of 48.6 mm.

According to the mesh selectivity curves for snow crab, flathead flounder, and Korean flounder, it was found that using a
codend with a mesh size that would allow all snow crab to be released would also allow all flathead and Korean flounders to be
released as well. Therefore, in order to reduce the bycatch of snow crab during the spring and autumn fishing seasons, during
which one is prohibited from catching snow crab, it was needed to develop a method other than expanding the mesh size of the
codend. Thus, I developed a net with a bycatch reduction device (BRD net) that can catch flathead and Korean flounders while
releasing snow crabs out of the net while towing. The BRD net is divided into two layers of upper and lower nets by a separator
panel with a large mesh size (600 mm). Flounders, that can swim, reach the codend at the upper net along the separator, while
snow crab, that cannot swim, drop through the separator to the lower net and are released from the outlet. As a result of test, it
was found that the BRD net allows 74-98% of the snow crab to be released while keeping 67-88% of flathead flounder and 57-
70% of Korean flounder. To effectively separate the species, it is important for the separator panel's height to keep during tow-
ing.

Next, I compared flathead flounders caught separately from snow crabs by the BRD net and those caught together with snow
crabs using a typical fishing net to assess scale loss based on their body length. We assessed the degree of scale loss through
visual inspection of the side the eyes are located, and classified it on a five-level category. As a result of image analysis of scale
loss at all levels, significance differences were observed in all of them. With regard to the majority of the bycatch, comprising
flounders with a body length below 300 mm with severe scale loss, their rate was much smaller with the BRD net, being approx-
imately one-quarter to one-third of the bycatch with the typical fishing net. After preserving them for 48 hours at 5 degrees
Celsius, the mean K-value, an index of reduced freshness, was approximately 13% among flounders with little scale loss and
approximately 21% among those with severe scale loss, suggesting significantly more favorable freshness among the flounders
with lower-level scale loss. These results suggest that flathead flounders caught with the BRD net suffer less scale loss and their
freshness can be maintained more effectively, which would result in a higher unit price.

As a result of these analyses on the development of a bycatch reduction methodology for Danish seine fishery in Kyoto
Prefecture, I conclude as follows:

When targeting flounders in autumn and spring fishing seasons, sakana net with a codend expanded to approximately 70 mm
should be used in fishing grounds without the bycatch of snow crab. In fishing grounds where snow crab may be caught as a
bycatch, the BRD net should be used. The mesh size of the codend should be expanded to 42 mm in sakana net for catching
sandfish during the spring fishing season. For catching snow crab during the winter fishing season, it should be expanded to
approximately 120 mm up to January 10 and possibly to 160 mm from January 11. The BRD net has already been introduced in
this fishing ground and contributed to acquisition of the MSC certification in 2008. The use of the BRD net may contribute to
both retaining the freshness and maintaining or possibly increasing the unit price. We hope that this study to reduce the bycatch
will contribute to an increase in the quantity of the catch, improve the unit price and efficiency of the commercial operation, and
increase the income from fishing, eventually leading to the sustainable management of the Danish seine fishery in Kyoto

Prefecture.
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Fig. 1-1 Species composition (%) in annual landed quanti-
ty and value in 2011 by Danish seine fishing boats
belonging to KDSFF (The Kyoto Danish Seine
Fishery Federation).
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Fig. 1-2(a) Fishing ground for Danish seine in the sea off
Kyoto Prefecture. Six open squares in fishing ground
indicate preserved area for Chionoecetes opilio.
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Autumn ( Sep. & Oct. ) Spring ( April & May )

135E. 135E.

1,000

500m
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250m

200m

fukuilPref.| & fukui|Pref.

Fig. 1-2(b) Prohibited fishing area is set up by KDSFFA(fs
self-imposed control from the depth of 230 to 350 m
in the autumn fishing season (September & October),
from the depth of 220 to 350 m in the spring fishing
season (April & May).
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Fig. 1-3 Depth distribution of the seven major target
species and unmarketable brittle star, and seasonal
shifts in fishing ground of Danish seine.

SC: Snow crab Chionoecetes opilio

FF: Flathead flounder Hippoglossoides dubius

KF: Korean flounder Glyptocephalus stelleri

JS: Japanese sandfish Arctoscopus japonicas

PF: Pointhead flounder Hippoglossoides pinetorum
WE: Willowy flounder Tanakius kitaharai

DS: Deep smelt Glossanodon semifasciatus

BS: Brittle star Ophiura sarsi
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Table 1-1 Species composition (%) in landings caught by the Danish seine fishery in each fishing season in 2011

Landed quantity Landing value
Sep. & Oct. Nov. to March April & May Sep. & Oct. Nov. to March April & May
Chionoecetes opilio 0.0% 30.9% 0.0% 0.0% 76.8% 0.0%
Hippoglossoides dubius 3.3% 35.7% 29.6% 5.6% 10.3% 29.6%
Glyptocephalus stelleri 0.7% 4.9% 5.6% 0.6% 1.1% 3.0%
Hippoglossoides pinetorum 4.0% 2.7% 6.5% 5.3% 1.0% 8.0%
Tanakius kitaharai 12.7% 0.1% 2.9% 14.3% 0.1% 3.2%
Arctoscopus japonicus 1.0% 12.2% 22.3% 0.7% 4.0% 14.6%
Glossanodon semifasciatus 33.8% 1.0% 6.5% 24.6% 0.3% 4.3%
Others 44.6% 12.6% 26.6% 48.9% 6.4% 37.2%
Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Table 1-2 Three types of fishing net in Danish seine fishery off Kyoto Prefecture

Net type

Mesh opening
(mm)

Main target species

Kani net for targetting snow crab

70-120 Chionoecetes opilio

Hippoglossoides dubius

Kisu net targetting for Japanese smelt

20-25 Glossanodon semifasciatus

Sakana net targetting for flounder

35 Hippoglossoides dubius

Glyptocephalus stelleri
Hippoglossoides pinetorum

25-35 Arctoscopus japonicus
50 Tanakius kitaharai
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Fig. 1-4 Bycatch reduction device, “Tsuri-iwa” called by
the fishermen, meaning “ghanging ground rope” for
reducing Ophiuroidea bycatch in Sakana net.
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Fig. 1-5 Annual changes in landed quantity (solid line) and
market unit price (dot line) for the seven major target
species caught by Danish seine fishery.
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Fig. 1-6 Annual changes in landed quantity and landed
value per boat of Danish seine fishery from 1985 to
2011.

Soli, break and dot line indicate landed quantity per
boat, landing value per boat and number of boat,
respectively.
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TS B 19944F LUK, AMERNC D B, BEIERDIE
DLUTWBFEEDO—DE LT, HifiE & BEoRA I
X0, WETONANHORA, REEHRL L7220
ZENFEITFEND, 51T, BLWHBERS MDD,
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8D ERAMEIMCPRNTHRETH 5, KA¥EES
BOMEFFT 2720113, AT E & AT O HAL DAERF,
mkE, ZRUCHES K SEON EB XU EERED
BRI E bR EDRENARARTH 5.

JEE RS DRRE |, IEA RS /N AR D J 0
EEFENREIONETHS CEME, 1998; 2T, 2000,
B, BREINZEEDI DN S TIRRET S ERMN
MHV, ISR AERS EIchEHRINAN
(Chopin and Arimoto, 1995). L 723> TEIFE DA E)F]
HASERRORENS HREEHA I TS (Alverson
et al., 1994; Kelleher, 2005) . dtiR, KFT/A (1982) 1
I O/NERR O ZFRT, XTAHZ, 77
AL+, eLrno, VINF, YFELAIHLABX
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WBZEEMELURE. =, WS (191 b, 7h
LA FREERNRE L BETITAHZPKRER
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HETEREINZHDOEREMENTRIEET S, £
7z, TZTIE, mYiEERD, H50TTT Xk
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Table 1-3 Species compositions in bycatch and catch per haul caught by two net types in Danish seine fishery

Kani net Sakana net (Deeper than 200 m in depth)
Mesh openings Mesh openings
Winter fishing season Autumn fishing season  Spring fishing season

Bycatch Catch Bycatch Catch Bycatch Catch
Chionoecetes opilio 71.1% 13.3% 16.6% 0.0% 8.1% 0.0%
Hippoglossoides dubius 0.0% 10.0% 3.8% 12.5% 0.1% 14.8%
Glyptocephalus stelleri 0.0% 2.6% 17.8% 23.6% 14.1% 23.3%
Hippoglossoides pinetorum 0.0% 0.0% 1.7% 4.2% 0.0% 0.7%
Arctoscopus japonicus 0.0% 0.0% 0.0% 0.3% 5.3% 16.1%
Tanakius kitaharai 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Glossanodon semifasciatus 0.0% 0.0% 0.0% 0.0% 0.0% 0.2%
kumobhitode 0.1% 0.0% 1.7% 0.0% 8.6% 0.0%
Others 2.0% 0.9% 5.8% 11.9% 4.6% 4.2%
Total 73.2% 26.8% 47.6% 52.4% 40.7% 59.3%
Mean catch weight (kg) / haul 150 42 84 96 81 115

i il 2= 7= In W2 A R SRR, ZHUTHES T,
REEDEMY % L FD38%F — i kML=, 1DH
WWHEAETIEH 20V NO D, THMEOENDD
Thbd, 7THHLA, el 7aBITYINFORE
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N2 THEET 5, 3DHEFFS 7 /NI EE L
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FEIEOF THRHICEEM THLI AT LT
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TWwiz, EEYIIERNOE X, 1REHZD b0
(B 0.027mY) 1~2fi5r & ABRHCHRN S AFL
TEBREICHBRO, MICERZHET 2L EHIT,
EERENTHIR U 72 IR O HIEIT K - THFEE IR
o E KB ITMIT B Lz, TOMRESLD E
(Table 1-3), 1§ 7= 0 O -1 5 B 813 £9200 kg
(187~267 kg) TH o7z, AI@HOMNITHETITRE R
MR DTO% LA L% HD, REM DKL
AHZTH>T. INEMETIE, REENEEEED
40~50% % 5%, Bz XU A=, 7hAALA,
vLzno, VONFO, FEMIZIZINSITmMANSY
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HOBEHHNY > TS, LEN->T, INH50#T
DIREDREMIN G EF YIS ) NIEERFTT
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EEZE I3RS H 2, 26D &b, &
HEOGHMAMAITS & L 0 EEORE LSRR -
EHILT, RANOERMEETIIIO LLEEZE
HIIR S 208N d 5, ZNSOMEZEMTSE, X
DEIITES,

Ok - BRI DO KE170~220230) miZ BIF 5, &
MIEMEAERNERKB mmIZE D AT A=, 7
HALA, B OB INFO/NREK
57T M THEDRE,

QF W D KH200 mfE D MEIZ BT 5 S izl
(HEWNER25~35mm) IZXBNYINY D/
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BX I DKHE220~350 miZ BT 2N (HE
NEERI90 mmiZ & B X7 A = Dl D /NEUEAR,
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125 XA HZDERE, MBI OERRICEE T 20
K <frbnjz (LIF, 1985,1994; Yamasaki,
2002; L& 5, 1985; (LR « 25, 1991a,1991b,1992;
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L& 5, 1993a,1993b; (L& 5, 2001b; (LI 5, 1992;
A5, 1983), ZOMOFETIE, Y HALAIZDOWN
TiE, =0 &M, g3, BEIZENT 51994, 1995, 1997)
W, EIOSfmZILIES (1999) 2%, 4Fjs & kEZ
IR, 1L (2006) BEUHITFS (2006) 23HE L7z,
YFFELIH LA TR DOV TR, KA (2003)
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RIZODWTHIFS (2005) 2% L T\ %,
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(L5 (2001a) 1SHTRMEEHNTYFFLI AL A
OMEZERMEZEFN, a2y KT ROHANREZ IR
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DN A ZDOREEHIHS T2 ZENTED &S
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FIZHANENHKSO mmD Iy R RAHAWS R
TWwb, ZOLDIZ, REZHET 5720D0EF T
HEOOEDELT, Iy R ROHENEEILRL,
INBIFR R T BIFFEIRA <fTbhiTwa (FL,
1961; B#fF, 1993; PEJII, 1994; #4 K, HE, 1997),

TR RO DWW THA D &, GIIRTE TR
B2 HWTAHR Yy 37 7 51 L E Pandalus eous (PUJ5,
A, 2010), 7HALA CENE, 1993) BLY
ATAHZ (GENIE, 1992) I LT, BEREHET
ZAyZ—brO—ILEHWTNYNY (BES, 1999),
VIONFELTHLA (BE, 199), 7oHFaTe
(BE, 1999b), M HFITLE (AE, 2003a), bl
ro (B, 2003b) IZRHLT, EREZHANWTNY
NG (AE, 2010) 1268 L TOMEERENHRE SN
TWb, £EHANROIERDICS, HENITEH
DINFIVEZTLO M T, BEZHET 2058570
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MREMRE AW THA 2 EZ 5B B OKRE
HEZIIal—2 3>, NINYD/NHADOERE
EHET ATy R ROHANRICDOWTHREH 21T
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Table 2-1 Catch number of Chionoecetes opilio, Hippoglossoides dubius, Glyptocephalus stelleri and Hyppoglossoides pineto-
rum, and catch weight of Ophiura sarsii in the codend and covernet for each haul.

Operation Catch number Catch weight (kg)
Depth Me;h C. opilio H. dubius G. stelleri H. pinetorum O. sarsii Total
No. Date (m) opennings
(mm) Codend Covernet Codend Cover net Codend Covernet Codend Covernet Codend Cover net Codend Cover net
I Oct.-03th-06 304 85.6 31 4 31 1 6 54 0 0 249 15.5 81.9 50.5
2 Oct.-03th-06 235 85.6 78 1 49 20 0 0 4 0 0.5 0.9 94.4 42.7
3 Oct.-03th-06 221 85.6 171 14 7 12 3 17 0 0 9.4 714 51.7 76.9
4 Oct.-03th-06 228 85.6 164 0 123 49 69 216 6 0 0.0 1.3 68.9 52.5
5 Apr.-09th-07 232 72.0 17 2 29 1 65 179 0 0 0.0 0.0 21.3 58.5
6 Apr.-09th-07 237 72.0 131 0 31 0 36 41 0 0 0.0 0.0 46.1 40.5
7 Apr.-09th-07 233 72.0 27 2 54 1 117 131 0 0 0.0 0.0 314 8.4
8  Apr.-09th-07 238 72.0 0 0 50 0 79 53 0 0 0.0 0.0 48.2 8.9
9 Apr.-11th-07 233 118.8 17 2 3 9 4 164 0 0 0.0 0.9 6.9 86.1
10 Apr.-11th-07 237 118.8 39 3 13 5 5 202 0 0 0.0 0.4 11.8 87.8
11 Apr.-11th-07 233 118.8 29 2 9 8 12 500 0 0 0.0 0.3 12.4 26.9
12 Apr.-11th-07 239 118.8 70 8 13 17 11 86 0 0 0.2 0.5 17.8 44.4
13 Jun.-07th-07 321 48.0 12 1 9 0 5 20 0 0 18.8 0.6 49.0 392
14 Jun.-07th-07 280 48.0 113 0 36 0 23 101 0 0 532 3.1 92.7 335
15 Jun-07th-07 183 48.0 1 8 62 0 393 227 0 0 0.0 0.0 78.8 163.4
16 Jun.-07th-07 165 48.0 0 9 0 0 43 97 81 13 0.0 0.0 249 18.2
17 Jun.-11th-07 323 35.6 55 1 23 0 8 0 0 0 6.9 0.2 60.2 6.7
18  Jun.-11th-07 275 35.6 3 8 33 0 176 83 0 0 41.3 4.7 66.7 9.4
19 Jun.-11th-07 178 35.6 8 3 15 0 22 84 11 0 0.0 0.0 47.9 6.3
20 Jun.-11th-07 158 35.6 0 0 0 0 0 0 186 82 0.0 0.0 28.7 13.9
21 Jun.-13th-07 213 40.7 96 1 202 0 46 14 0 0 140.7 0.9 194.4 6.9
22 Jun.-13th-07 232 40.7 109 0 109 0 182 163 0 0 1.3 1.5 64.7 113
23 Jun.-13th-07 259 40.7 27 4 108 0 59 23 0 0 49.2 1.3 99.1 12.6
24 Jun.-13th-07 122 40.7 0 0 0 0 0 0 0 0 0.0 0.0 29.5 6.5
25 Jun.-20th-07 208 35.6 126 0 167 0 14 5 0 0 163.2 0.1 214.8 0.4
26 Jun.-20th-07 229 35.6 24 0 120 0 0 0 0 0 119.9 0.5 1442 22
27  Jun.-20th-07 258 35.6 4 1 146 0 42 32 0 0 58.8 1.0 117.4 5.8
28  Jun.-20th-07 121 35.6 0 0 0 0 0 0 3 0 0.0 0.0 15.7 4.1
29  Jul-09th-07 324 118.8 52 31 28 7 1 6 0 0 1.2 11.8 20.7 543
30 Jul-09th-07 284 118.8 18 15 32 0 9 69 0 0 0.0 42.9 18.8 59.7
31 Jul-09th-07 211 118.8 0 0 37 55 0 12 0 0 41.6 27.2 131.9 40.0
32 Jul-12th-07 212 72.0 0 0 58 11 2 3 0 1 33.8 49.0 61.0 63.6
33 Jul-12th-07 240 72.0 22 0 10 0 95 73 0 0 0.0 0.0 14.2 5.2
34 Jul-12th-07 265 72.0 2 0 40 0 16 40 2 0 1.1 4.8 18.6 22.7
35 Jul-12th-07 203 72.0 155 6 183 81 0 2 1 0 7.8 30.1 41.9 39.8
36 Jul-17th-07 209 72.0 39 5 98 11 5 6 0 0 19.9 14.7 428 17.8
37  Jul-17th-07 230 72.0 73 0 59 7 35 222 0 0 0.0 0.4 272 333
38  Jul-17th-07 200 72.0 25 5 194 71 2 12 2 0 11.1 20.3 48.8 45.7
39 Jul-17th-07 180 72.0 3 11 8 3 53 202 0 0 0.0 0.0 8.6 40.9
40 Jul-19th-07 264 40.7 20 4 87 0 58 39 0 0 20.5 0.4 61.9 6.3
41  Aug.-08th-07 161 40.7 0 0 0 0 11 58 154 75 0.0 0.0 25.0 13.9
42 Aug.-08th-07 146 40.7 0 0 0 0 0 5 2 0 0.0 0.0 28.9 5.8
43 Aug.-08th-07 146 40.7 0 0 0 0 1 6 3 1 0.0 0.0 304 5.7
44 Aug.-08th-07 150 40.7 0 0 0 0 13 24 15 21 0.0 0.0 19.3 7.0
45  Aug.-20th-07 201 48.0 89 0 34 1 0 1 0 0 25.2 8.7 47.6 9.5
46  Aug.-20th-07 203 48.0 97 1 79 2 0 0 0 0 23.7 6.7 50.2 8.5
47  Aug.-20th-07 171 48.0 5 0 9 6 79 186 7 2 0.0 0.0 16.6 113
48 Aug.-20th-07 162 48.0 0 0 1 1 9 107 267 50 0.0 0.0 46.9 11.0
49 Jun.-09th-08 208 48.0 7 0 51 0 74 14 1 0 134.8 1.2 160.2 4.8
50 Jun.-09th-08 227 48.0 85 0 75 0 0 0 0 0 2.3 1.5 65.7 20.4
51 Jun.-09th-08 186 48.0 0 0 10 1 0 0 22 0 0.0 0.0 78.1 26.9
52 Jun.-09th-08 146 48.0 0 0 0 0 0 0 24 1 0.0 0.0 235 10.7
53 Jun.-11th-08 280 35.6 30 0 26 0 6 0 0 0 26.6 0.2 61.2 4.4
54 Jun.-11th-08 320 35.6 36 1 21 0 0 1 0 0 17.6 0.0 59.4 10.8
55 Jun.-11th-08 200 35.6 0 94 2 73 1 3 0 63.7 0.4 94.7 0.7
56  Jun.-11th-08 200 35.6 1 1 128 2 45 1 15 0 75.1 0.9 113.9 1.7
57 Jun.-16th-08 210 48.0 15 0 146 2 16 0 3 0 1134 1.8 184.5 10.4
58 Jun.-16th-08 260 48.0 0 0 121 0 24 14 0 0 26.8 3.0 66.1 29.6
59 Jun.-16th-08 180 48.0 0 0 27 0 60 50 38 0 0.0 0.0 232 10.1
60  Jun.-18th-08 300 30.2 0 0 55 0 1 0 0 0 24.6 0.2 733 3.8
61 Jun.-18th-08 260 30.2 0 0 122 0 6 2 0 0 14.5 0.6 68.1 42
62 Jun.-18th-08 230 30.2 0 0 74 0 58 49 0 0 44.0 0.4 66.9 1.2
63 Jun.-18th-08 200 30.2 0 0 94 0 10 2 2 0 222 0.1 53.5 0.3
64 Jul-09th-08 250 48.0 0 0 80 0 0 0 0 0 24.4 1.6 54.4 22.1
65 Jul.-09th-08 300 48.0 0 0 1 0 23 14 0 0 1.8 0.5 10.1 6.2
66  Jul.-09th-08 200 48.0 0 0 0 0 0 0 0 0 28.7 1.5 36.7 32
67 Jun.-22th-09 175 48.0 0 0 0 0 18 93 24 25 0.0 0.0 18.0 9.9
68  Jul.-06th-09 168 48.0 0 0 0 0 5 112 37 22 0.0 0.0 17.4 17.4
69  Jun.-14th-10 152 48.0 0 0 0 0 0 0 14 6 0.0 0.0 17.8 12.2
70 Jun.-21th-10 167 48.0 0 0 0 0 6 26 163 17 0.0 0.0 234 14.7
71  Aug.-10th-10 150 48.0 0 0 0 0 0 0 12 8 0.0 0.0 21.0 113
72 Jun.-08th-11 167 35.6 0 0 0 0 83 50 72 22 0.0 0.0 54.6 8.8
73 Jun.-13th-11 320 312 0 0 16 0 0 0 0 0 29.3 0.0 101.3 3.7
74  Jun.-13th-11 280 312 0 0 11 0 36 32 0 0 0.0 0.0 100.9 35
75 Jun.-20th-11 259 118.8 33 26 70 16 0 0 0 0 6.6 335 56.3 63.9
76  Jun.-20th-11 228 118.8 24 4 30 10 0 0 0 0 0.1 0.5 16.8 30.7
77 Jun.-20th-11 182 118.8 0 53 5 4 0 0 0 0 0.0 0.0 6.9 106.1
78 Jun.-22th-11 230 118.8 19 3 146 83 0 0 0 0 0.0 0.0 93.0 33.1
79  Jun.-22th-11 212 118.8 5 2 47 38 0 0 0 0 0.0 0.0 70.0 30.0
80 Jun.-22th-11 210 118.8 0 40 27 7 0 0 0 0 0.0 0.0 64.3 11.8
81 Jun.-05th-12 168 48.0 0 0 0 0 0 0 86 56 0.0 0.0 21.9 18.5
82 Jun.-11th-12 150 48.0 0 0 0 0 0 0 15 34 0.0 0.0 27.5 8.1
83 Jul-19th-12 150 48.0 0 0 0 0 0 0 39 35 0.0 0.0 134 34
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(Fujita and Ohta, 1990; /N&:, 2002) o HLHRHT O JE LA
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Table 2-2(a) Estimated parameter values and their standard errors of logistic curves for mesh selectivity and AIC values for

Chionoecetes opilio

Mesh Haul  Number of samples Parameters Standard errors Test of model fittness by likelihood ratio test
openings number Codend Covernet @ B l50 SR. o B lsy S.R. MLL AIC Model deviance d.f. P value
118.8 9 17 2 0.11 -419 372 195 0.084 4.035 10.63 1448 -24 8.9 1.87 8 0.98
10 39 3 0.24 -1027 427 9.1  0.120 5.625 396 457 -32 104 3.62 11 0.98
11 29 2 0.15 -521 339 143 0.093 3.772 721 8.68 -33 105 6.53 15 0.97
12 70 8 020 -8.48 42.1 109 0.074 3.575 3.55 4.03 -51 14.1 6.13 14 0.96
29 52 31 020 -7.29 363 11.0 0.046 1.883 2.14 251 -87 214 1.87 14 0.92
30 18 15 0.19 -6.59 347 11.6 0.067 2432 3.15 410 -7.7 194 13.64 13 0.40
75 33 26 0.06 -2.68 443 363 0.015 0.769 5.63 9.05 -13.2 303 16.85 17 0.46
76 24 4 0.05 -0.64 14.0 47.8 0.029 1.373 22.12 3046 -5.6 15.1 6.07 13 0.94
78 19 3 0.16 -5.01 32.1 141 0.107 4.083 6.55 9.67 -29 98 2.99 10 0.98
mean 301 94 0.11 -393 354 19.8 0.012 0.515 1.62 2.17 -253 54.6 20.00 24 0.70
85.6 3 171 14 020 -6.03 29.8 10.8 0.088 2425 293 473 -35 11.0 2.36 18 1.00
mean 171 14 020 -6.03 29.8 10.8 0.088 2425 293 473 -35 11.0 2.36 18 1.00
72.0 35 155 6 026 -7.12 277 8.6 0.075 2594 271 249 -7.0 18.0 9.32 11 0.59
36 39 5 0.05 0.05 -1.0 464 0.045 1.888 40.76 4433 -7.1 18.1 8.00 8 0.43
38 25 5 0.13 -335 252 165 0.053 1.852 552 6.58 -55 15.0 7.33 8 0.50
mean 219 16 0.15 -345 236 150 0.030 1.128 333 3.05 -13.9 31.7 15.52 13 0.28
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Table 2-2(b) Estimated parameter values and their standard errors of logistic curves for mesh selectivity and AIC values for
Hippoglossoides dubius

Mesh Haul Number of samples Parameters Standard errors Test of model fittness by likelihood ratio test
openings number Codend Covernet @ B Is, S.R. a B Isy S.R. MLL  AIC Model deviance d.f. P value
118.8 9 3 9 0.09 -24.16 256.4 233 0.093 23332 1543 23.02 -1.7 74 3.42 7 0.84

10 13 5 0.13  -32.24 2466 16.8 0.074 18.776 725 957 44 127 8.75 11 0.65

11 9 8 0.09 -20.04 2282 250  0.039 9.004 866 1125 -5.0 139 8.54 10 0.58

12 13 17 0.16 -36.00 2257 13.8 0.085 18995 519 737 45 131 7.67 20 0.99

29 28 7 0.01 -1.63 151.2 2034 0.013 3.445 13898 24590 -109 259 12.74 17 0.75

31 37 55 0.04 -729 1947 587  0.010 1.838 698 1548 -21.7 473 18.13 26 0.87

75 70 16 0.04 -879 2242 56.1 0.010 2.574 11.13 1446 -20.7 455 32.77 30 0.33

76 30 10 0.07 -1591 2146 29.6 0.029 6451 6.89 11.54 -9.6 23.1 12.40 19 0.87

78 146 83 003 -7.29 210.1 633 0.006 1374 470 11.36 -36.8 77.5 36.82 32 0.26

79 47 38 0.02 -335 187.0 1225 0.006 1.273 1328 43.64 -27.5 359.1 28.38 29 0.50

80 27 7 0.02 -404 1706 929  0.009 1.927 24.64 3593 -9.6 232 16.16 24 0.88

mean 423 255 0.03  -6.37 2067 713 0.592  0.003 3.15 624 -73.8 151.6 66.77 54 0.11

85.6 2 49 20 0.08 -14.31 1848 284  0.024 4545 491 865 -11.9 277 10.17 23 0.99
4 123 49 0.06 -10.83 1733 352 0.011 2073 390 630 -21.3 465 12.84 32 1.00

mean 172 69 0.06 -11.25 1762 344 0.010 1846 324 530 -234 50.8 13.21 35 1.00

72.0 32 58 11 034 0.01 -52.3 3400 0.010 1961 379.93 502.97 -244 529 40.83 27 0.04
35 183 81 0.07 -11.06 -252 544 1.723  0.010 2.60 452 -252 544 16.23 27 0.95

36 98 11 0.07 -10.06 1409 30.8 3.679 0.022 895 957 -143 327 19.82 24 0.71

37 59 7 0.09 -1447 161.0 244  6.007 0.034 799 923 9.0 221 10.55 22 0.98

38 194 71 0.07 -10.40 147.0 31.1 1.505 0.009 292 414 -232 504 10.40 30 1.00

mean 534 170 0.07  -10.61 1502 31.1 1.039 0.006 190 280 -33.5 71.0 13.83 40 1.00

Table 2-2(c) Estimated parameter values and their standard errors of logistic curves for mesh selectivity and AIC values for
Glyptocephalus stelleri

Mesh Haul Number of samples Parameters Standard errors Test of model fittness by likelihood ratio test
openings number Codend Covernet a B ls) SR 1} B Isy SR. MLL — AIC Model deviance d.f. P value
72.0 5 65 179 0.07 -10.87 1562 31.6 0.010 1533 3.14 455 -28.6 6l.1 28.09 36 0.82

6 36 41 0.07 -10.01 151.6 333 0.017 2.590 5.60 840 -14.7 334 18.94 29 0.92

7 117 131 0.08 -11.88 1539 285 0.011 1.809 254 4.19 -21.1 463 12.02 39 1.00

8 79 53 0.08 -12.15 151.6 274 0.017 2.777 445 589 -163 36.6 18.87 36 0.99
33 95 73 012 -17.58 150.3 18.8 0.021 3.145 2.05 330 -152 344 10.18 30 1.00
34 16 40 0.04 -6.54 146.1 49.1 0.012 1.652 9.73 1386 -16.1 36.2 25.59 41 0.97
37 35 222 0.05 -7.52 1583 462 0.010 1.269 7.63 9.58 -262 563 23.62 22 0.37
39 53 202 0.08 -10.84 142.0 288 0.011 1486 327 432 -273 585 22.70 29 0.79
mean 496 941 0.06 -9.00 1522 372 0.003 0477 137 2.02 -374 788 0.28 43 1.00
48.0 14 23 101 0.03 -3.79 1202 69.8 0.012 0.889 19.14 2587 -17.2 384 15.10 15 0.44
15 393 227 0.08 -8.74 105.1 264 0.007 0.768 1.62 2.15 -345 73.1 19.11 33 0.97
16 43 97 0.04 -476 1262 583 0.009 0962 6.71 1343 -26.0 56.0 16.88 20 0.66
47 79 186 0.07 -840 1149 30.1 0.009 1.050 259 390 -263 56.6 18.55 26 0.85
48 9 107 0.10 -12.04 1252 229 0.028 3.371 839 674 -65 17.1 13.06 20 0.87
49 74 14 008 -7.72 936 266 0.020 2.129 6.95 6.37 9.8 236 14.88 25 0.94
58 24 14 0.06 -7.08 1124 349 0.021 2326 1443 1152 -39 118 6.13 20 1.00
59 60 50 0.09 -1035 114.7 243 2.017 0.017 429 455 -13.7 315 16.92 29 0.96
67 18 93 0.08 -10.00 120.5 26.5 2.121 0.020 5.00 6.26 -14.0 32.1 13.48 19 0.81
mean 723 889 0.07  -796 1094 302 0.382 0.003 1.05 143 -52.2 1083 22.20 40 0.99
40.7 21 46 14 011 -931 849 200 2.735 0.031 5.53 566 -63 167 7.94 17 0.97
22 182 163 0.10 -9.04 931 226 0955 0.010 1.78 239 -27.6 59.2 21.07 31 0.91
23 59 23 006 -471 845 394 1245 0.014 638 9.67 -169 378 23.76 34 0.90
40 58 39 0.09 -730 79.8 240 1.693 0.022 3.76 574 -148 33.6 16.34 32 0.99
41 11 58 0.09 -8.63 994 253 2338 0.029 8.0l 8.35 94 227 9.78 12 0.64
mean 356 297 0.09 -799 908 250 0.621 0.007 1.46 1.97  -38.1 802 32.22 38 0.73

Table 2-2(d) Estimated parameter values and their standard errors of logistic curves for mesh selectivity and AIC values for
Hyppoglossoides pinetorum

Mesh Haul Number of samples Parameters Standard errors Test of model fittness by likelihood ratio test
openings number Codend Covernet [} B lsp SR. [} B sy S.R. MLL — AIC Model deviance d.f. P value

48.0 67 24 25 0.17 -18.16 108.6 13.1  0.077 7.678 599 6.05 -38 11.6 4.05 22 1.000

38 37 22 0.12 -1433 1184 182 0.044 5392 490 6.54 -74 187 11.22 28 0.998

68 14 6 020 -22.68 112.7 109 0.135 14942 4.17 730 -26 93 2.16 11 0.998

70 163 17 0.09 -898 102.8 251 0.016 1877 4.89 456 -16.8 37.6 26.02 35 0.864

71 12 8 0.14 -1439 1064 162 0.065 6865 535 7.81 -54 149 9.50 10 0.485

81 86 56 0.12 -12.44 106.1 18.7 0.020 2.127 3.05 3.24 -145 33.0 17.73 32 0.980

82 15 34 0.09 -9.59 1055 242 0.037 3563 560 9.82 -8.6 212 4.76 12 0.965

83 39 35 0.11 -11.50 106.1 203 0.028 2974 2.74 524 -133 305 14.15 16 0.587

mean 390 203 0.10 -11.16 107.6 212 0.009 0967 145 1.84 -357 755 3431 49 0.945

40.7 41 154 75 0.16 -1512 954 139 0.038 3345 295 330 -78 195 3.44 40 1.000

44 15 21 0.19 -1856 98.0 11.6 0082 7.750 340 502 -41 123 1.43 12 1.000

mean 169 96 0.16 -1527 96.6 139 0.032 2920 235 282 -93 226 4.36 40 1.000

35.6 20 186 82 0.15 -1239 82.1 145 0.025 1984 1.67 237 -162 364 13.53 40 1.000

72 72 22 028 -2426 864 7.8 0.103 8778 2.08 286 -55 5.1 7.10 25 1.000

mean 258 104 0.16 -1329 833 138 0.024 1931 142 2.04 -189 418 17.87 40 0.999
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Fig. 2-2(a) Carapace width compositions and proportions
retained in the codend for Chionoecetes opilio in the
fishing experiments. Solid and open bars indicate the
codend and covernet catches, respectively. Open cir-
cles indicate proportion retained in the codend at
length classes with a sample number larger than four,
while cross marks at length classes with sample num-
ber of less than five.
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Fig. 2-2(b) Body length compositions and proportions
retained in the codend for Hippoglossoides dubius in
the fishing experiments. Solid and open bars indicate
the codend and covernet catches, respectively. Open
circles indicate proportion retained in the codend at
length classes with a sample number larger than four,
while cross marks at length classes with sample num-
ber of less than five
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Fig. 2-2(c) Body length compositions and proportions retained in the codend for Glyptocephalus stelleri in the fishing experi-
ments. Solid and open bars indicate the codend and covernet catches, respectively. Open circles indicate proportion retained
in the codend at length classes with a sample number larger than four, while cross marks at length classes with sample num-

ber of less than five.
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Fig. 2-2(d) Body length compositions and proportions
retained in the codend for Hyppoglossoides pinetorum
in the fishing experiments. Solid and open bars indi-
cate the codend and covernet catches, respectively.
Open circles indicate proportion retained in the
codend at length classes with a sample number larger
than four, while cross marks at length classes with
sample number of less than five.
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Fig. 2-3(a) Estimated selection curve expressed by logistic
equation in each haul for Chionoecetes opilio. Black
thick lines indicate mean selection curves.
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Fig. 2-3(b) Estimated selection curve expressed by logistic
equation in each haul for Hippoglossoides dubius.
Black thick lines indicate mean selection curves.

F1—T7TIE, S0%EIRHAGHIMERREIZY I L1 D5
HNEL, RnwTkelLrZno, VINFOIEICES -
(Table 2-3), T DFERIZZ D3OI TIE, HBHEAE
RHLULTT AALADERBMENSRITIC< W &%
BHRLTWS, #HiE (1993) 13IH LTI, KEK
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EOBRIZHS AT W, LML, ThENOED

Table 2-3 Estimated parameters and their standard errors of the selectivity master curve for each species

Parameters

Standard errors

Test of model fittness by likelihood ratio test

Species agr Br Rsp SRg ar Br Rsy SRy MLL  AIC Model deviance d.f. P value
Chionoecetes opilio 12.00 -3.72 03 02 1.032 0405 0.013 0.016 -99.0 202.0 140.06 184 0.99
Hippoglossoides dubius 333 -643 1.9 07 0.185 0397 0.022 0.037 -340.1 684.1 423.27 444 0.75
Glyptocephalus stelleri 371 -814 22 06 0.120 0.261 0.014 0.019 -491.4 986.8 571.02 622 0.93
Hyppoglossoides pinetorum 531 -1221 23 0.4 0365 0.825 0.022 0.028 -120.4 244.9 143.78 304 1.000
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Fig. 2-3(c) Estimated selection curve expressed by logistic
equation in each haul for Glyptocephalus stelleri.
Black thick lines indicate mean selection curves.
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Fig. 2-3(d) Estimated selection curve expressed by logistic
equation in each haul for Hyppoglossoides pinetorum.
Black thick lines indicate mean selection curves.
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Fig. 2-4(a) Master curves of expressing codend selectivity
for Chionoecetes opilio. Open circles indicate propor-
tion retained in the codend at length classes with sam-
ple number of larger than four, while cross marks at
length classes with sample number of less than five.
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Fig. 2-4(b) Master curves of expressing codend selectivity
for Hippoglossoides dubius. Open circles indicate pro-
portion retained in the codend at length classes with
sample number of larger than four, while cross marks
at length classes with sample number of less than five.
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Fig. 2-4(c) Master curves of expressing codend selectivity
for Glyptocephalus stelleri. Open circles indicate pro-
portion retained in the codend at length classes with
sample number of larger than four, while cross marks
at length classes with sample number of less than five.
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Fig. 2-4(d) Master curves of expressing codend selectivity
for Hyppoglossoides pinetorum. Open circles indicate
proportion retained in the codend at length classes
with sample number of larger than four, while cross
marks at length classes with sample number of less
than five.
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Table 2-4 Estimated parameters of ME and MWE models

Parameters Residual ~ Adjusted coefficient of determination
Model 2
s Bes Yos sum of squares R
Mean exclusion model -6.40 9.93010 1.5 0.865
Mean - weight exclusion model -3.64 8420102 -4.100107 1.0 0.912
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Fig. 2-5 Effect of mesh size and codend catch weight on
exclusion probability for Ophiura sarsii from the
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Fig. 2-7 Effect of mesh size and codend catch on exclusion
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Fig. 3-1 Net design of the Danish seine used in the cover net experiments.
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Jv RT> ROMEEREmGEE R TR, KE
1B ETHZROOD AT 14 v 7 RZEH N,

_explal+ B)

- 1+exp(al + f) S

ZZT, atpBROPAT4 v IRXDNTA=FTH
Do MIZADTENT NG OEBPFENICHREFIND
50% BPUARISOB X EREDOH S 2R THIETH
DIRL > PSR(=1,- L,

%=—£ (3-2)
[24
2In3
SR.="" (3-3)
o
TRk EN5,

OPAT 1 v 7 ROHEITIE, EAMHERESEL -
SELECTE 7 )L & i\ 7= (Millar, 1994; 257, Wi,
2003,2005; #H#E 5, 2010), 3FEHEOHAED S BiFKHD
HEG(=1,2,3)03y R REHWZEH O R
=1,IEBNWT, v R REIN—%v bENFE
NTRESINHRRIONY NG OEAEEEEC, &
ET D, TOEE, KRIODNINFZIZDONWT, O
v RILY REHN—F v b OEADEFHEAREI W
%0y RLY RTOEAREFREDOES ¢ 13,
Ci/'l
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(3-4)

EES, FHAOERMIIBTS 2y RLRTO
EAMERZ0,E L, IN—Fy b TOEAHE%RZ
7,£9%E, GHRXFOP T4 v I XEANTRD
FOBMEREIOMME L TERE %,
0,5()
0,5(1)+q,[1-S)]

ZORIZKEMRAT B &,

¢, ()= (3-5)
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—exp(a;l + ;)

g, =—11 (3-6)

i 4

i

ERD, FEL, T2 Ta,&B3 iBHOHGDD
v RT> R2HWEZEE RIS 2B ER
ZEITOVAT A v I RDINTA—FTH5, #HHE
REZRMEBICEB TSI ENH SN TND T &
5 (Fryer, 1991), £9, RMEHIC/NT A—F iR
5Hb0DELT, TNFNHET D E2E15, &
N7z A E) £ 7 )L (Between-haul variation model, LA
TBHVE T )L EIER)E T % (Mahjoub er al., 1994), %
LT, kEHOKREMTZLELZEE, ML EREK
IRk vERbI NS,

InZ{a,.b,)=Y[c,, ng, @) +c,, ml-4,00)] 37

BG-NRXZEHKAIT DINT A—% D IZ I Microsoft
Excel DYV )V N—Z i L 7z (H#E, 1997). BT
13, SEAR1992,199NIHE> TERIEZEZ BN TNV D,
RIZ, Ty RLY ROELHE TOMERRMRD N
7>< & EEE LU TR R 2 kO 72
(Mean selection curve ; L F MSCE & )L & If
A)(Mahjoub et al., 1994), Z ®MSC¥E 5 )L TiZ, BHV
EFINDE-6)XEG-DRIFZTNZILRDB-8)K & (3-9)
HE o,

% exp(e,l+ f)
q;
() =—75 (3-8)
1+ =" exp(e,l+ )

i

InL(a,,b,) ZZ[C,,,A Ing, (1) +c,, n(l-¢, )] (3-9)

S50, ERMEORMEEOETICHET S ERKE L
T, dv R FANOEERZID 1, Ri#EEED
v RIT > RNOARE QW EEZ5 8 L 7z i &K
7%%& 7 )V (Catch-size dependent model ; LA FCSDE T )l
ERERX)BHE L. HEMNFRH O3y RTYRT)
[EHORMITHT 2Ty RTY RNDONY NG Dk
HEW(@ELZEE, CSDEFI T, G-6)RDN
FTA=% a,& B IROB-10)XEG-1HRD K DI
8 O EE O — KL TEKD S N5 (Fryer, 1991;
Mahjoub et al., 1994; 757/, H#E, 2003).

a;=alnW,+b, (3-10)

B,=c;InW,+d, (3-11)

2B, a, b, PXUdIL, FEHOHGOHEE RN

IRETHRBEROEEERIINTA—FTHS, Zh
5DNNTA—FEHNT, o, FRMEITHEBEL,
B,Z2ADRTELK(a,c,d), a,Z3-100:LTEL,
B, M THIEE Uiz, b, B), a,BXUB %
G-10XB L@ 1HKXTEL % (a, b, ¢, d)D3IDDHL
BEDREICDONT, ENFIVNT A= EHEEL /-,
B, BETRENINYDUAIZDE L VO
Glyptocephalus stelleri®> X 7 -{ 7] Z Chionoecetes opilio
EHEEI NN, WEYOTIKDBNYNY THo 7
72, CSDEFITRNINY DN OHfEOREEE
3EELRRMho 7,
BHVETILEMSCETIV, BELUHELIZ/INT A—%
&l A G HEZCSDE T )L T2 1 £ 1NIZ AIC(Akaike
information criterion)(3E ¥, 1997; SEAR, 1992,1999; K
A5, 1998; HifF, 2009)%RKD T, H/NDAICH %R
LEETIVERELL, £, SHREEHRD ¢,%2/8F
A—=%ELETIVETIVEER, 1999; i, 2009)D
AICZEXR®D, ERULZEFINERKTSHIET, #HE
P2 R L7z,
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EBETORMAOEZEEIIDONTSD, ME IR
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19982002073 %, % Z TiE, MHZEIRMEIC &> TH
HAREE & AROERIEE R & OBIfRI IR S H /R E K
ERBMINTVWDCEES, 1994), £ 2T, 3MED

HBOF—F %I, KIFAEEEZHMEENE R TESE
LU 72 HRHAREEZ N TNINY DALY — T —
7 % %€ U 7= (Girth— mesh perimeter model : UL K GMP
EFINENER), ZZTIIHEENEEpZEMMICHA
NEmD2UGEE Uz E7z, KREBHKLOEIFAAE I,
RE & RIAEEORGRE 5RO 72, H8H N FE AR K
MAFEER, (=g /2m) T T 2B EREZ LT TR
Z—=H—=TSRIE, KOOI AT 1 v I7RIWKD S
DELT,

exp(a R+ ;)
L+exp(agR+ ;)

S, (R) = (3-12)
ZZT, aBLUBNEEPAT A v IINTA—=FT
H5,

GMPE T )L TiZ, BHVEFILDB-6)X & B-DHHITF
NFINRDB-1)HREG-1HR &7 D,
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q;
#;(R) = — - (3-13)
1+ R+ B5)

i
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RTEINDETIELFGMP+CSDE T I ZE K E L
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O DM EMTET 2708 SHOHGNEE L T
F72bDT, EHREET, sBXUfiE HENEDHE
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m=0959X303/(x-1) (3-15)
5B, mIBENEmMmM)TH D, xIEFREAE DR
ThHd, 2B, Iy R RRNIZBITDNINY D
ERITIKGFET 2 ETIVMEIRINSHETIE, WED
JERZHEETHETY R RNITEFHEI NN N
Y DEEEIIHADT D ENTHEINDN, 5EZ
KHTTHEDay RLY RNONY NG fERERET
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3-3-1. GRICMTIBRESLCERARDOBZRN
NG ING DIREIEREwDBRR, REIEARIAEEg
DR Z KR U (Fig. 3-2), 26 OBRRZENEN
BRI HTICE > TROK D ITRD 72,

w=5.69 X 10° [ > (FREFREL 0.956) (3-16)
g=049 [+ 10.33 GREFRE 0.843) (3-17)

()]
e
I

Body weight (g)

100

Girth (mm)

100 150
Body length (mm)

Fig. 3-2 Relationship of body length to body weight and
girth for Arctoscopus japonicus caught by a Danish
seiner off Kyoto prefecture.

3-3-2.B BRI DERGRIEM

WAAEIED NS NG OIEAERE, EARE RS &
NV R ] (R % & O F B A Table 3-11C R L7z, O v R
I RTONINY OEEERIT, WINOHGITS
WTHIEHEI D B2EE D HFMNEN o7z, KIZ, dv
RIL> REHIN—=Fy N THEBEI NN NG DFEAR
R EHLY & AR I Fig. 3-310 R L7z, HAWNE48.6

Table 3-1 Number of Arctoscopus japonicus sub-sampled from the codend and cover net, and estimated catch number and

weight
Haul Mesh openin Codend Cover net
pening Depth  Number of Sampling Estimated catch Number of  Sampling Estimated catch
number (mm) Date . —_— . -
(m) sample fraction number _ weight(g) sample fraction number _ weight(g)
#1 48.6 14 Apr. 2005 231 253 0.30 835 45,000 368 0.33 1,104 45,760
#2 48.6 14 Apr. 2005 234 250 0.17 1,500 83,837 361 0.33 1,083 43,099
#3 35.6 14 Apr. 2005 222 327 0.33 981 44,235 165 1.00 165 3,317
#4 35.6 14 Apr. 2005 234 306 0.05 6,120 294,706 249 1.00 249 4,827
#5 42.0 17 May 2005 176 411 1.00 411 13,293 303 0.25 1,212 65,351
#6 42.0 17 May 2005 180 635 0.50 1,270 25,567 546 0.17 3,276 85,444
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mesh size 48.6 mm
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mesh size 35.6 mm
_ #3 1%
X 2047 =327 E 1 n=165
SN~
oy e ]
g 0 T T T :—r —L T T
Q —
g' #4 44
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Fig. 3-3 Body length compositions of Arctoscopus japoni-
cus caught in the codend and cover net.
The letter n indicates the number of Arctoscopus

mmB L U356 mmTIE, AE120~130 mm&0IZE—
R 2 D/NRIEE SRR 160~ 180 mm[E0IC & — R 2 £F
DRBBEO2EENHI L 2. HEWNE42.0 mmTIE K
AV NEEETH O, RE150 mmZ i X S K136
HOHRMOIY RTRTHINICALNDEZHDD,
EDEMFIHB LI >z, BAENEL8.6 mmdD /1N
—x v b TRRMEBENEEENTHEZDITHLT, H
B NEE35.6 mmD 1/)N—F v N TIERBE I EE SN
Bhotz, ZNGHE—HEO2RMME THREMEZ O
wRIRBDIWIEAN—Fw FEICHKELEZED
A, SHATHMEMICERERREZA 5NN 2
(Kolmogrov-Smirnov test, p > 0.05),

3-3-3. HHBEIRMEehiR

BHVE TV, MSCET I, CSDETIVDHINT A
— 5 DA BEDEFRT, HBHAICH/NI N> DI,
(B-10)KD A2 HW/=CSDET )L TH U (Table 3-2), =
DEFINEGEL TS EHB L, B2, MSC
EFIEL D BHBBHVETIVDAICH/NS Ino /=2 &1
#EEO2RMM THEBZREN R > Thw=Z &%
AL TWS, REITHT 2 ¢,E3B-100KD A% H N
7ZCSDETFIVIZ L > TH SN ¢ (HDHlFRE ZFig. 3-4
WALz, ¢,OlIE o, ODMRICHXTHANE
356 mmPB L U420 mmTIE R ERBEEIIA S NN,
ENEE48.6 mmIZ BN TIE, #1DKE140~160 mm,
#1B X VR OKE185~200 mmT, ¢ ,DfEIX o (D
HARICHARTHAL TWARWEDITRASD, Zhb

. DA DR CIEIBRES L Thd, ERIZ, Ihn
Jjaponicus caught in the codend and cover net.
Table 3-2 Estimated parameters and AIC values in the three models for mesh selectivity of Arctoscopus japonicus
Model Mesh size  Haul Parameters Iso S.R. AIC

(mm) no. a B a b c d (mm) (mm) (partial AIC)
Between-haul variation model 292.0
48.6 #1 841x107  -14.0 - - - - 166 26.1 (77.3)
#  989x10°  -159 - - - - 161 222 (56.2)
37.6 #3 2.18x107 262 - - - - 120 10.1 (33.9)
# 309%X10" 364 - - - - 118 7.1 (30.2)
42.0 #5 186x107  -27.0 - - - - 145 11.8 (45.7)
#6 1.90X10" 276 - - — - 145 11.6 (48.6)
Mean selection curve model 319.7
48.6 938x107  -15.3 - - - - 163 23.4 (148.9)
37.6 1.87x10"  -32.0 - - - - 119 8.2 (79.8)
42.0 268X107 271 - - - - 145 11.7 (90.9)
Catch-size dependent model 291.1
48.6 #1 9.14Xx107 - - - 939x10" 253 166 24.0 (132.9)

# - - - 160 24.0
37.6 #B 0 2.52%10" - - - 5.72x10" -36.6 121 8.7 (65.8)

# - - - 117 8.7
420 #5  18.8X10" - - - -136X10" 259 145 11.7 (92.4)

#6 145 11.7
289.8
48.6 #1 - -149  573%10°  2.82X107 - - 166 24.5 (132.3)

# - - 160 23.6
37.6 #3 2300 471x10°  1.98X10" - — 121 8.9 (65.1)

#4 - - - 117 8.5
420 #5 - 272 972x10%  1.97%x10" - 145 1.7 924)

#6 - - - 145 11.7
292.1
48.6 #1 - - 237X107  -1.69X10" 22.99 18.0 166 26.1 (133.5)

# - - 161 222
37.6 #3 - - 479%10*  -2.95%10" -5.36 31.1 120 10.1 (64.2)

#4 - - 118 7.1
42.0 #5 - - S548X10° 1.93x10"  -7.75X107 <265 145 11.7 (94.4)

#6 145 11.7

*The smallest AIC value.
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Fig. 3-4 Proportion of codend samples to the total of the
codend and cover net samples, and the estimated
curves of ¢ (1).

5DETFIVOAICIE, 7IVETFIVOAICIETH 5419.7
KDBH/REL, SHRREHREDH R TCOHEAEIED
RFEFEDSNIRN o2 EMNG, #E LTz &H
W T &= % (Table 3-2)e Z D 3-10)X D H % H 11 7=CSD
EFIVICE DT, RSN 7z R E ORI iR 2
Fig. 3-51ZR L 7=,
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GMPE T I B L LGMP+CSDETFILDEHINT A —
Y DHAGHREOHT, ROAICH/NI MDD,
B-10XB L UE-1HH & HW/ZGMP+CSDE T IV T
& > J=(Table 3-3); T DETIVIZBIT 5 50% 5 R KR
FEBICERL > I3 REROEERIC K > TEL
T 5720, TIT10.893~0.9763 & 1f0.0772~0.105
Elot. BEFES#~#6DE R D H & NE &
#Z#GMP+CSDE T IV IZ & T3 D 7= iz & & 5 & (Fig.
3-6), WITNOHIRBRIHEELBENEEN 2T
LRICBVWTHBIRKINCEST, BHENEELD
BRI &2 FF DEAEDRT S5 RIT/8 >
7o 738, AICTHETZETILETIINDOENLD D
MNEL, BWELTWD ZENRI N
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Fig. 3-5 Estimated selection curves of each haul estimated
by the CSD model.
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7o Fiz, HEAITAEIZS mmTHlifE 2 XY > 7215
B, NS NWHOBEEITEERD405 %, KENEEDE|
BlIR595% & 50, Ty RILY RONYNF G
HEEAZ105kg&EKELZEE, GMP+CSDET I % H
WTHANE48.6 mm42.0 mm, 38.8 mmB L U356
mmDAFEFA O HIZRVEMAR &, 2 5 ER LR
Ty RIY RN DN N\Y DIRE R ZFig. 3-
TR U Tz,

Jv RLY ROHAWNEZ220 mm» 5356, 38.8,
208 L TV48.6 mmiZILK L 72856, 50% ERAREIT
114 mm, 126 mm, 138 mmB X K163 mm&E7R D, /)
S NHED#IZ61.2, 280, 9.0BXT0.7% 12 F THIH
INB., —F, RENEHOMEIAIL, 997, 977, 885
BLU3BTI% NIRRT NS,

34. £ 28

AWFFETIL, CSDETFIVDAICHEDH /NS Mo/
Em5, MHBERENOBRERDOZENRB I N
(Table 3-2), O’ Neill et al.(1996) & 751, FEHE(2005)1Z,
KEAMICE>Tay R RAHGEZVDZREIL,
HEBERIREICE B2 5252 E21EM L TWD, AU
ZTH, REMTI Yy RLY ROWEERICKZ/EN
o - BAENRE20 mmZERRE, HEE DLW AE
T50% BRI /NS Mo 72 2 &/ 5 (Table 3-2),
BENLZVWZEHREZONBZUER0D, NINY

Table 3-3 Estimated parameters of the master curve models and AIC values

Model Parameters R SR.inR AIC
o, B, a b c d > o
Girth-mesh-perimeter model 31.1 -29.7 — — — 0.957 0.0707 505.8
Girth-mesh-perimeter & CSD model 25.9 0.63 -31.3 0.906 ~ 0.981 0.0850 384.7
-24.9 0.64 19.2 0.910 ~ 0.982  0.0803 ~ 0.0866 390.1
2.4 51.6 2.95 -55.8 0.893 ~ 0.976 0.0772 ~ 0.105 377.1 "

*

The smaller AIC value.
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Fig. 3-6 Individual selection curve for each haul by the
GMP+CSD model.

MRTE< ao=EEZEZA BN,

PERDWIFE T & N7z MR 7 R iR O~ 2 &
— 71— TV AR £ 2790.570 & 3R =R O 1 fn a3
A5, 1.0%200 kES & A TERRIIIFIFNCE
U, 50% BEIRAHHAE & &GERL > 21390.85H &
COISHEETH B EMEINTNDCEEES, 1994; A
T, HE, 1997; #ifE, 1998), AHFZEDGMP+CSDE
FINZ &K BB~ 2y —h— T3, s~
A —H—TEWR—ETDHDOD, 50%ERMTHA
I JE E730.89~098 L 0 K&, FEINL > 213008
~0.11& /NS U (Table 3-3), ARWFFED K S 7KL
L ADERMTIE, 5D 0WOE L RO
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RO RN TTONRN T & s, BTLHHEEZK
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&, MR EN 2B TH 5 RIRRH 1I2RE
L72DI, NINY DOREGBIIHHITRTH 2 Z &n
5, MENBAEXD b0 RERKFABAEZREDNS
N BHEZHTHZ S D EHERIND,

B RQOI0IAWFIE & [[ERIC AN —F v MEICk o
TEEE L RERAIC BT 2EHREE7, SKUEID
Jvw RILY ROMEBREMREZ RO TED, ThT
NDOHERD50% EIRAKEIZ161 mm, 131 mm&
10l mmé&, ARPFFEOFERICITWETH 72, LoL,
MEFRE &7, 8KkU9FEIOHAEMIEIE, BKQ010)D
WG TIEZENZFN42.99 mm, 34.16 mmPB & 830.09
mmTHD, FFEOMELO BENZD /NI NWETH S
Joo TOREDIIRAY —=HN—TMhoRD - HEHDE
WM T, BRQI0)DHMDKEBEEDNST N
Y ETHHZRTDEREBR>TWD, ZOMEMITEH
K5QO0O)DFEREFEKETH D, —F, BES(1999)
1%, F vy —bO—)LHEOIERE &7 8D H &N
DOERHEMEZZFNFN0E43 mmERELTBD, Z0
MEVTER O L AR TENZTNT7.0L8.8mm
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Fig. 3-7 Changes in body length compositions of Japanese
sandfish Arctoscopus japonicus caught by the codend
of the 22.0 mm mesh size and the four enlarged mesh
size, estimated from the selection curves of the
GMP+CSD model. Solid and open columns indicate
estimated number of catches and escapes through the
mesh, respectively.

FHANC B U =it & H 505, HEOHIEHROM%R
ANOESOMT HEE S HENROEMITHEEL 7=0]
REMENEZSNS, ZOHGONEERI@EL HEN
AEIFAEEICE DS RAY ——TICREEET
B72%, T LR EEm T otigicid, BHE
NEDHZS TR EDEZHIERL THELED
12, BHEWNROERENSGHAHE DML N &
AN, £k, BESU999)ICL D HN—F v ME
TRO=F v & — b O—ILD50% EHIKEZIEHRE &
TEBEHITENZENIISE105SmmEE > THD, AL
(2010) D BRI 4 L DFER DS E 5 ITII AR ORKER KD
BN TS, TOXDITEEDOHNTIZEL-
THBIEN R D a[EMENH 0, [F BRI L UK
W THILEERMEE KRS, 200600 BRI (A E,
2010) CIEHE E DAL TIZB T DRI DE W ZE L
T, MCHAEDOY R RTHBERMEN R > /=0
D d D, AUIZETHESNZBRINEORRIL, FH
JF T W ST B ERTE L X0 JE R EiE B 2
WTRDZHDTH D Z EM S FEIFTORRITE LR
JERMDEEEIZED BDTH O, MDNYNY DS
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Fig. 3-8 Relationship of 50 % retention length estimated
from the GMP+CSD model to catch weight in the
codend for each mesh size.

BICEDBINEANDEESHEETELZENS, TOD
BFREHICHWDDIZHEY ThH S EHW L 7=,
TUERRT IR AR O AR D 2% DL R 5 & LT
Ffa 2 TE5- 0 RET2-0ICEERERIION
THHdT 25, 4HICHAERNE20 MmO Iy R R
THEINZEREMAKICAS N 22D0E— K115 mm
E 150~ 160 mmiZ NI 1% &2 L EGENT, 1991,
JREEIT B HEHE SR PR, 2000)E B X 61, KE
135mmMNEE &2 %, ZOREMEONIY NS & HE
NEE48.6 mmd 5 W1 1d420 mmD I v RT > R Tk
L7ZGEE, IRADEFEAEEZRETDHIENT
X5, HENE48.6 mmTII2mLL LA DFEEL,
&S Z L2 B (Fig. 3-7), HEWNE38.8 mmB &
U356 mm TR Lo AIFIZIF & THETESD
DD, HEWNEE35.6 mmTIXURADRIO0 %% gL
TLED, LENST, ZOFEFTIEIHENELO
mmA3H T NIC2RL EERO RS Z IR B 08, 1
RAESHLUTHETZIOICHEL TS, 2R ED
RO LN L =< BWEEICIZIEEH &8.5H11CH
=% HAENE3RS mmb M &7nD A, T DEITILI
RADKIB0% ZHEBELTCLES Z&ELATL
ANSYANAN
FNENOIY RIT Y RTOEREIIZNENK
20012, #913.000 KT TH o=l EnB(E
£, 2010), 8fi&% Ui D#ERITIXTHIT R THEE
MREMD 2O ZEDFEND > Il NH 5.
7z, AT, TNTNOHAGEBICHEE L 2%
REFHROYZAY —H—TTH, WEERENTY R
I RANOHERICHFEEIND LN RINE, £
ZC, GMP+CSDETIVZHWizifa#E &50% # R
HREE DORfRZFig. 3-8IZm Lz, 7B, AWK TIE
dw KL RTOHEERITHI13~294 kg DEIPHN T H

S /=7)%(Table 3-1), MEENS OB EH D IZ X NIEE
BROMEETIZ @D 72 D DI RENKI600 kgZ B A 5
Labdd I Lo ffEr O ERPE%0~1,000 kg
U7zo HREI13S mmA R &2 LB TH % ERE
o5&, INSEHEET 2IT1E, WHEED300 kel T
THIUIHEGHNES3S.8~42.0 mmAtiE L TWB7A5, 300
kgZHBA D EHENER20mmE D HREBHENHE
T5HZ &b, EERIZ, FARRFORT ML KR
HEETIMD 72 D 600 kgbh EAT AR L - HF 121, 1%
FITE EITIERREA7EI(H S MNE48.60mD 3y KT
CRICMOBATHEAL Tz, ZOMHEIL, faNn
BEIORME TR ERD 2 END, BMlOLWIRA
DB ZEHNT 2 720 I B2 TRDNIZ MK TH >
EWwS, ZOZ &L, AHROKREZFLTWD
EEZBND, G, KOFFMICERENT A—FD
EEEZTNICRITTREREOZEEZRFTL T D
213, S5 ICHRMEEREZEST I ENYNTEI O
MEEEREZZEEL TONMT 5 ENnEEEZ SN
5,

FAE ERINRNERWEXT A A ZDRERR

4-1. (ZFC®IC

BE25 D I LM I 3 o0 EE B S I kO B A SRR
PR OHEEFERN NS, Ty RLY ROEAILKT
1Ak - BN BT B X T A J = ORIE O HIE I R
THDIENHESNI DTz, FIETHRNZLDIT,
AT DR, HEZFERT D201, # - HFift
HIZHBN T, ERMEEESE O EMRARICXD,
AT A HZ AR T 27K EERI220~350 mD #IE T D
PREEMEE E 3 T W B (Yamasaki, 2002), LrL, &
DERZEEE E R K D B E V7K BE200~220 mfiFiE T
¥795 &, FIF100 mmAH O X7 A H = E g O
RENZ N, INSOWHIET IV AHZEOI L1
DEBLTH D, I57R2HFEE R ORI HEER
HEEET D ERERITH 5,

JEIL 5 2000)IE, IR E THEZET 2 /N K B
EXHREL, AMLEXTA &N LA & &5k
LTHETHIEMTEDHMBZEZRBLEZCLR, Z
D2 BT IR, 2L, #ONIRICHEE DK
TUVGEPINFIVZRET S Z X0 EHEE LRIy
o, R EAET S0 LA ETENN RIS T
w R RETEL, ERkNZEZELENWTA AT
BRSNS IRTES, BiEzdy RT2 RA
BNNDENDIBDTHo. ZOXDITKEETNZ
R E > THRET D2 &1F, HESERKENTO
IRIET IR TH D, L, —RAICERME
HETHOWSN TV SO TIR BRI IR I &
STHATHY, KEMOMOEAIZHZ>TIE, Hh
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W EDHDIBIROEEIVEEICEET 20ENH D
(FAF, 2000). HCEBHFIN OAREKRI7Z8HE & #aiHE & T,
REIDEENRLD, T2 HRMEESRMS R
TWS7e®, BEiHEZEEAFICEAL T TEBED D
BHRZED T EFHL L., Lo T, FNOERE
HEBFENFRT M2, MERE, ARETIE
MLETH %,
AFETIIKG200 mEIETHNW SN TN D NITHESD
T EFERL T, XUA 2@ cHE L,
THALAEE LT OEDH LA HEZRET L7200
SrEERE ORIt E R L 72,

4-2. MEERE

4-2-1. BEYSBERE DX

AWFSE T H W 72 5 Bl O 4 32 2 Fig. 4- 112 R L 7=,
TS oy B 1 OO RS R AR 5 (2001) & TA]
FRCTH O, EMNSEHEIZH > TH A (sorting panel)
L, XTUAHZENVAEEEHEET 2720 DH
#5600 mm® EHl| /X 3 )L (separator panel) % JECHE 1 5 L
TETICIO 1T 7=, #RSR)L o BEEMO» 5 3
w R RIZWAIGTC3H & Uiz #ERNRIVIIERKI3
mm®D k7 A > O0—TFTEYEL, MEkEI330%TH o
7o BN OBEBIIIH ML ER L 2. 7%
DB, SEEEEERNN IV 2R T o 7= EECUTF,
IDdy RITY Rz EMEER), BRI FILZHT
ZTFEHEAT, 2ody R RZ2TFHEEIER)D " H
e L, HLAEEIEHECAD, XU HZIZ IR
ICADZ E2MRFHELZ, A TIENITHET, 4
BEA SIS & X4 LT, BB, o
HEC, S HEEDDS K U BEMEE &IV D& 515 D
A Uz (Fig. 4-2). 7238, BEMEB & rBEEC, 7
BERED & 7 BERABI AL UM SR BN R IV O HEB LT
RO ALEN R D[ —HTH D, SEIFN TN
IND I BB, CH&SrEERED, BRI K
MEns, MEHZETEHTH, LHENECLT,
HE EMESITEESICISHTE ) FAIZKD 1 mmH
RLTEHAIL, ZOFHEEE Uiz, M 5= R)L
ETOEIZMRT D20, BRIV ORTRHICEN

Sorting panel

Upper net
Separator panel
(mesh size 600 mm)

Upper codend

Lower net

Sinker

Depth recorder

Fig. 4-1 Sorting panel and separator panel mounted in
seine net.
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Fig. 4-2 Net plan of seine net ? newly designed in this
experiment. (a) Net A; (b) Net B and D; (c) Net C and
E. Solid square indicate the location of sinker for
buoyancy control. Open and solid circles indicate the
location of depth recorders and the location of floats,
respectively.
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Table 4-1 The position of front of sorting panel and length
in mesh number of separator panel

*1 *2

Distance from ground rope H': H Number of meshes
to front of sorting panel

Net A 3.0m 55 12

Net B 1.5m 5:5 8

Net C 1.5m 6 4 12

NetD 3.0m 55 6

Net E 1.5m 6 4 10

" Number of meshes from the bottom panel to the top of separator panel.

"2 Difference in number of meshes between the top panel and the top of separator panel.

U HiT S D AIHE ~ O BU U A1 3 K OS8R %)L DR
M H# % Table 4- 11278 U 720 (U O Rif it 1 75 Bl AE
ABXUDTIRMOMNS3 mOALEIC, 7EEFEB, CH
KUETIIMEON 515 mOLEICHST T 7=, £z, #
BRIV D EIGE 2 BEREA, BB X UDTIEAIE DK
NERIFFTOHKL TS:SOMEI, HDEECR IO
ETI36:4DALE ICHEUAT T 72, 7 BEEA, B, C, DB X
OERIZBIT 2RISRV OfE RO BEIZZ <,
12, 8, 12, 6BXTUI0THo/=, EfOay R R
DHBE, /7 EEEATIZT3 mm, /8B, CTI1Z37 mm,
TEEMEAD, ETIE32 mmTHo7z. FHITDODWTIL,
BN M SIRIT DD 2N T =DICF DR
W EEI23ImICOZ>TYDEL, TOEHHD
%2 B<ZOICEENO MmO Y > 514 > O0—T7%
BT 7z, #ERISRI NS HRTZd01E, Zoo—7
OfM SN SN S, AFZETIEER SRV )
SHITZODITDNTHRE S DHEB XU ETT
D721, HEEATIZIHAT3 mm, BB, C, D
BELUETIEHE43 mmD I N—@2Ef T2, 2B
THDaw R ROHAEWIE, 22EEEHATIZ73 mm,
EEEB, C, DBXUETIZ3 T mmTHh o 7=,

4-2-2. RIFRER

43 B AVE 2003455 A 20 H IC4RHE, 2 BlEREBIZ 2003
F9H26HIT3HME, 4 BEREICIZ20044E5 H 20 H T4 R,
S EERDIZ20034E 10 HO H IC4RME, 43 BERIEIZ20044E5
H25H IZ3H M D3 % 1T o 72 (Table 4-2), #4315k
W EER T DK IE234~265 mTdH > /7. DEEHEAD
SENII BTSRRI A 2 & R T E % WG
(16 ~2>), /BB, C, DB X VEDIEIZFHES
2B O/NEMA4 s 2EE AL 7z, BRI
ETKRIRFETH > 72,

WEL=XT0 020, B¥ETEITEMETHICH
T, ENZRUCDOVTHIM ET / FRICLDHIEZL
mmEALTHIE Lz, THA LA B0 OiIcD
WTH EME RHIZTT, BRETRCF 2 TICLD
REZS mmEfI THE L. XTAHZBXETH
AU AWREEZ2EELEDS, b L7 aid#200ME Ak A&
WDEGEITITEE, TN EOSEITIZSEEHEBS K
OETIIARBIE > OEAE EFHL 2. 2BEEEDTIZ
s, BEEREEHEE L.

4-2-3. BRITHE

ZXTAHZ, THAVA BEOE L7 ODKHAFE,
BOEEEO L TRESINDEGE AME LR &
L35, srEEEA, B, C, D, EZFNZTNh=1~5&
LT, ZN60OLBETOAMEREpETDE, ik
Hn INERDS AT L, T D D BafE KA Ll T
INBHERIP,EINT A= E L RO2ESTTHE
T ZENTEDCER, 1992).

N,—ny,

N, Cn,, phnh I-py) (4-1)
F B Op, D R, ROKX D TRETIVERE L
TIFo e, B T 5N 5/ BER Dp, % W IEIZ
A, B, THU DS LTRSS BHE DG

Table 4-2 Catch number and proportion of upper net for Chionoecetes opilio, Hippoglossoides dubius and Glyptocephalus stel-

leri for each haul

Operation C. opilio H. dubius G. stelleri
Net Depth Propotion Proportion Proportion
Date No. (m) Upper  Lower of upper net Upper  Lower of upper net Upper  Lower of upper net
A 20-May-03 1 265 244 593 0.29 83 32 0.72 64 36 0.64
2 253 105 155 0.40 152 49 0.76 228 161 0.59
3 244 383 454 0.46 109 33 0.77 262 128 0.67
234 893 1,070 0.45 86 21 0.80 225 176 0.56
total 1,625 2,272 0.42 430 135 0.76 779 501 0.61
B 26 Sep. 2003 1 235 70 491 0.12 72 9 0.89 1,457 676 0.68
2 240 73 405 0.15 78 28 0.74 512 386 0.57
242 83 439 0.16 42 9 0.82 455 254 0.64
total 226 1,335 0.14 192 46 0.81 2,424 1,316 0.65
C 20 May 2004 1 239 142 410 0.26 163 64 0.72 218 142 0.61
2 246 2 83 0.02 121 39 0.76 67 31 0.68
3 247 11 78 0.12 86 24 0.78 62 37 0.63
4 241 185 587 0.24 41 14 0.75 507 322 0.61
total 340 1,158 0.23 411 141 0.74 854 532 0.62
D 9 Oct. 2003 1 235 219 307 0.42 25 6 0.81 2,686 545 0.83
2 240 273 342 0.44 91 11 0.89 4,423 482 0.90
3 242 44 57 0.44 59 14 0.81 1,676 573 0.75
4 232 54 56 0.49 78 11 0.88 2,300 499 0.82
total 590 762 0.44 253 42 0.86 11,085 2,099 0.84
E 25 May 2004 1 244 81 912 0.08 89 20 0.82 408 177 0.70
2 240 67 1,148 0.06 45 13 0.78 556 383 0.59
3 239 75 339 0.18 14 7 0.67 1,155 666 0.63
total 223 2,399 0.09 148 40 0.79 2,119 1,226 0.63
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WBODOETFINEZREL, %TETIDAIC(Akaike infor-
mation criterion)(LLIFH, dtH, 1990)% [Li#kd 5 Z &1C
K0, FEAETINERRLZ. £TTIVOILERE
Lp)&, SoBEETORERZiG=1, - -+, k), 5%
¥ETOAMEEEEN,, EHETORERE K E, &
5 &,

5 ky,
Lip)=[1I1s,Cop" -p)"™ @2

h=1 i=1

ERTIENTE, TOMBLER

InL(p,)= ZZ[IH Ny nh +m,; Inp, +(N, _nhi)ln(l_ph)] (4-3)
h=1 i=1

ETR B, INT A= DEHRIZIIMicrosoft— Excel D/

JVN—Z M U7CGRME, 1997). 7235, HphfDZED

HIX, [ U < Microsoft—Excel® ) )L )N — D il R 4%

FELTREL, L, WEEKENL TS

QRDEFIENKEL RV TETCHEHTHA L
BMOAZBNOHDEMS, EEOFHEITER
(1992,1999)IZHEVy, EFEIHZ AW RRKICL OEIEZ
o7

5 k

InL(p,)= hZI:ZI:[nhi Inp, +(N,, —n,)In(l-p, )] 4-4)

REBEEOENEFEH HOE—TaWnwew, BEME
IR NGO EPIRN, BAMIIIHSRE L &R
AR ERAA R EEE R ITE > TV Tiﬁw%'é i1 5%
BN RIVITHE BB RIE DI A 5 72 85 ZDENTA
MR EERITTEEZEND, %;T ZXI4H
=, THALABLUE L 7 Oichd 5 &5 8D
R 2 RO THIR 21T > 7o BIRPERFRS()ITI
KA DLogisticHifE & W 7z,

S() S — (4-5)

1+exp(cd + )

a B LU BT LogisticHHFRDINT A= Th b, ik
HRIZ BT 2 K/ HFEOEFED 2 WId &K &Rk
IG=1, -+, DTOAMERES), AMEEKEEN,,
T OREEEEE,ET D E, FHIED DWW
BIRER T B EIRIEDFERICE = 5855 O ERM
BIaBRUBENTA—FELZRATERT I EN
T&%,

Ny j=nn

J
Le.p)=]1, C, SC" A=SEN™ ™ @6
j=1

ORX DR EREE N S TEIAEZ WK DR E
RIEIC K DETE 21T D 72,

L p)= SN, 05+ (N, =y Jna-50)) 47y

Jj= 1

727U, BB, DBXUEDOE L/ Oicx L Tk
FORBEREL TWRWI EM5, HLESELECTE
)V (Millar, 1994; 757, 3R, 2005)Z@EHL . &
Sy BERE O & IT BT 2R RO 2RIE R AR EIT T
% L ORIE BAEZOEIE,

$(l) =" (4-8)

ERED, BEEREO BRSBTS L TOEAM
W&z, T TOEARMEERZY,ET DL, logistic
K2 o> TRRIIAREIDE &L TR TEE S,

¢(1) — uth(l)

u, SU) +1,[1-SO)] @
OXIZG)HXERAT S &,
1
#(0) = o

1+ 5 exp(al + )
Uy,
L7125, logisticD/INT A= TH21BL V%5
BRI E & U, SRR O LD S EHIEHZ
B 72 RAOMFREREIC LD, SR ZT-> 7

L p)=3 3 [V, 001+ (N, Jm-0] a1

i=l =l

INT A —% DI I Microsoft— Excel DY/ )l )\ — %
ALz, £, HEEERENEO N NIEDHE
A6N50, SHEBOSON—EDETILE DL
BT, LAKE, MIEERMEHIRICE 5 ET IV &2 RR
HEFIN, SOB—EDETINE—EETIVEERZ
EET B, METIVOLEIZIZAICE =,

X“U'fﬁ:&iﬁiﬁ%@}zﬂ%’f%67ﬁﬁlﬂr@6}%&
RENZFHE T 272012, FEERNRCEHS, 1997)7%Kk
oy ﬁ%ﬁ@%cizﬁ@/ﬁ WO 5y Bl % AT S —
72 5iETH O, SRECBIT DT HZOAME
Zr, 7HAAVA DAMRZEZr,ET D E, SRR €
FARRICLDERS NS,

e, ~—r)+r—1 (4-12)

ﬁ%ﬁxJJYLBUNI@%BIWT e L, *Eﬁbt%zh%

ND T BESN2BEMTESR ﬁ%ﬁéhf&%/‘ 1, 8%
ENEM Do BT BE S N A T3, £<§i%ﬁé
NN HEITI30E 85,

4-2-4. FERINRIIVDEZE DBIE

BERICB 2RI DOE I ZHFHRDL DI,
JESHE D D F i, SRS )V R D P 3 K DR D3
HEZTY Ly 7 BB TFWREOB/NY AT —XEE G
(MDS-D, Zf#8E : 0.125 m)Z B 0 1) (Fig. 4-1, Fig.
4-2), B OERELCELERL 2o BRI E S
W, A D DTREE N S RN VRGO R B KO

U DIEEDZ TR Uz, TNTNOH/NERATY —5
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EENAER R 2RSS, 10BBETHEEZAEL
7zo BIERETORRERNTHELE L /208, HEEECIZD
WCIREER N BERIC NS TV 2RI L, 218%S
DTF—F WD EMTERMOEDT, LIRED
DB 168 DT — % & RITICH Wz,

4-3. #ER

4-3-1. DA HZBLUVH LA EDRERR

A8 ORI ICB T AU A=, ThA
L1MBEIOeL 700 s T TOREREE & A
% & Table 4-21TR Uiz, X7 A HZDAMHEIL, 4
B, CRBEIUETIIETOHEETO26U R TH - /-
DR L, DEEHEAB X UDTIE, SEEEAD1EH O
029040, ZTH04L EEBWER SRS, &
B TO2EEEZSRE L AMWRITIZNET NP =042,
p=0.14, p=023, p=044, p=009THo7. 7 HH
L1 DOAMRIZIZENZTNP=0.76, p,=081, p,=0.74,
p.=0.86, p=079TdH o7z, b L 7 1ODAMRIL
A, B, CBXUETIZ2TOHEFETOIOL T TH-
DI LT, EEED CIZ 2 TO#HETOISLLET
Holz. BENHEEOEREEARI LI AMEIENEN
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Table 4-3 Comparison in proportion of the upper net catch
for Chionoecetes opilio, Hippoglossoides dubius and
Glyptocephalus stelleri between the sixteen models

Species Model Parameter AIC

C. opilio Ps = P = p3 = p; = ps 1 12,855.98
pPs > P1 = Py = pr» = Ps 2 12,671.06
Ps = P1 T Pz T P2 T Ps 2 11,730.47
Ps = P1 T P3s > P2 T Ps 2 11,808.26
pPs = P1 = Py = pr» > Ps 2 12,122.07
Ps > P P3 T P2 T Ps 3 11,730.92
Ps > P1 = P3s > P2 < Ps 3 11,786.63
pPs > P1 = Py = py > Pps 3 12,051.53
Ps = p1 > P32 P2 T Ps 3 11,611.07
Ps = P > Py T Py > Ps 3 11,610.10
Ps = P1 = Py Z P2~ Ps 3 11,774.89

Ps = P Z pP3 Z P2 > Ps 4 11,577.70 *
ps > p1 = Ps > Py > Ps 4 11,753.27
Pa = P P3 T P2~ Ps 4 11,610.56
Py > Py > pP3s Z Py T Ps 4 11,611.53
Pa > Py > P3s > P> > Ps 5 11,578.16
H. dubius Pa = P2 = Ps T PioT P 1 1,938.00
Ps > P2 T Ps T p1T P 2 1,926.66

Ps = P2 > Ps T p1 T P3 2 1,923.88 *
Pa = P2 = Ps T P1 T P3 2 1,927.39
Ps = P2 T Ps T P> P 2 1,934.28
pPs > P2 > Ps = pi = p3 3 1,925.88
Ps > P2 = pPs Z pr T Ps3 3 1,925.07
Ps > P2 = Ps T P> P 3 1,926.60
Ps = P2 > Ps > pr T P3 3 1,927.29
pPs = P2 Z Ps T P17 Ps 3 1,927.43
Py = P2 = Ps > p1 > D3 3 1,928.98
Pa = P2 > Ps T P1 Z P3 4 1,928.88
ps > P2 T Ps Z P17 D3 4 1,926.66
pPs > P2 > Ps = pi > P3 4 1,926.97
Pa > P2 Z Ps T p1 T P3 4 1,926.83
Ps > Py > Ps = Py > Ps 5 1,928.42
G. stelleri Py = Py = ps = p3s = p 1 25,664.20
pPs = P2 T Ps T Pz T P 2 24,378.02
Py = P2 > ps = Py T Py 2 24,983.29
Ps = P2 = Ps > Py = P 2 25,374.29
Pa = P2 = pPs = Py > Py 2 25,528.93
Py > P2 > ps = Py = P 3 24,374.32

Ps > P2 = Ps > Py = P 3 24,373.19 *
Py > P2 T Ps T Pz T P 3 24,376.15
Py = P2 > ps > Py = Py 3 24,982.52
Ps = P2 > Ps = Py > Py 3 24,983.61
Ps = P2 = ps Z Py > Py 3 25,376.13
Py = P2 > Ps > Pz > P 4 24,984.36
Pa = P2 = pPs Z Py T Py 4 24,375.03
ps > P2 T Ps T Pz T P 4 24,374.64
pPs > P2 > Ps > p3s = Py 4 24,373.54
> > Ps > pP3 = Py 5 24,375.38

Pa
* The smallest value of AIC.
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Fig. 4-3 Carapace width compositions of Chionoecetes
opilio caught by Net A - E.

18, 16BEITBWTTY IHL A DAMEERNE L
JupAfEHEE ko 7z,

BEFEICBT D AMLOE T )V L D §E 5 % Table

43IZR LTz ATAHZTIE, p,=p>p.>p,>psD
TSI, THHLVA TEp.=p,>p=p=p,DETI,
bl 7 aTliEp >p,=pop,=p DETINHR#EE LS
7zo

FITHEE CHIE S N2 XU 1 AT Z ORI KT

THHVA, kL7 OOKEMMEZEFig. 4-3~512R" L
2o AT A HZIZFE20 ~ 140 mmD KA X N,
ZDE— RIZHIE60~80 mmiZ A 54, FHE50 ~100
mmOERNTE~97 % % 5D TWW/=(Fig. 4-3)e 7 HAH
L1136 £ 140~360 mmD @A (Fig. 4-4), 1L 70T
1ZARET0 ~250 mm D fE (K358 S 317 (Fig. 4-5). %
HEEETHREI NI D, THAL1BXUE
L7 0 ONEHHES X MERERICDW TR U 724

ETORBIZBWTEFEERMICEREENA LN
(ANOVA, p<0.05),

B0 B O & RIS 2 BIRMEIR D /N T XA —%

32 HCRIF DBR T 78 U 20 B i 3 1 51T 2 1R G IR IR D B 8 12 B 37 2 58

DOHET K5 R B K TAICZE Table 4-412, Hit & 72 o /- 5%



20 Net A

| N=565 ‘ \ [I
10 mean=295+35.7 mm
0_

100 150 200 250 300 350 400
20__NetB

10 N=238
i mean=224+51.4 mm
0

100 150 200 250 300 350 400

<
< 20+
é’lo'NetC N=552
5} T mean=242 +63.4 mm
£ 100 150 200 250 300 350 40
20
Net D N=295
10 mean=202+31.2 mm
0
100 150 200 250 300 350 400
20
Net E
N=181
10 mean=2811+46.8 mm
0

100 150 200 250 300 350 400
Body length (mm)

Fig. 4-4 Body length compositions of Hippoglossoides
dubius caught by Net A - E.
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Fig. 4-5 Body length compositions of Glyptocephalus stel-
leri caught by Net A - E.
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Table 4-4 Estimated parameters in the two models of mesh selectivity and AIC for the five types net

Chionoecetes opilio

Logistic equation*™*

Constant***

Parameter NetA  NetB__ NetC___ NetD _ NetE NetA  NetB__ NetC___ NetD _ NetE
[ -0.015 0.006 -0.015 -0.018  -0.049 - - - - -
B 1.490 1.349 2356 1.841 5.984 - - - - -
P - - - - - 0.42 0.14 0.23 0.44 0.09
Number of parameters 2 2 2 2 2 1 1 1 1 1
AIC 52545 * 1,294.5 1,600.0 * 1,829.2 * 1,418.0 * 52999 1,293.1 * 1,606.6 18543 1,527.6
Hippoglossoides dubius
Parameter Logistic equation** Constant***
Net A Net B Net C Net D Net E Net A Net B Net C Net D Net E
o’ 0.003  -0.002  -0.004 -0.015  -0.002 - — - - -
B -2.104  -1.055  -0.218 1.102  -0.723 - - - - -
Dh - - - - - 0.76 0.81 0.74 0.86 0.79
Number of parameters 2 2 2 2 2 1 1 1 1 1
AIC 624.0 237.4 626.1 * 2405 * 1983 6233 % 2357 % 6293 243.5 196.6 *
Glyptocephalus stelleri
Parameter Logistic equation** Constant***
Net A Net B Net C Net D Net E Net A Net B Net C Net D Net E
o -0.012 0.007  -0.015 0.013  -0.005 - - - - -
B 1.605  -1.547 2.028 -3.707 0.218 - - - - -
P - - - - - 0.61 0.64 0.62 0.85 0.64
Number of parameters 2 2 2 2 2 1 1 1 1 1
AIC 1,686.1 * 2,525.7 * 1,780.8 * 1,633.5 * 2,178.8 * 1,715.6 2,543.5 1,8479 1,682.6 2,186.1

*

smaller value of AIC between the two models.
x S(1)=1Tvexp @1+ B, =G =1, )
Sy p> h=(1,+.5)
44 £ B

X T4 HZ T EEHEAB X VDD AR Z Dt
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Fig. 4-6 Mesh selectivities for Chionoecetes opilio (a), Hippoglossoides dubius (b) and Glyptocephalus stelleri (c) caught by
Net A - E. Sigmoid curves were expressed as logistic equation. Solid circles indicate the proportion of upper net in all
hauls. Solid squares indicate proportion of upper net catch to the total in first haul. Open squares indicate proportion of
upper net catch to the total in second haul. Solid triangles indicate proportion of upper net catch to the total in third haul.
Open triangles indicate proportion of upper net catch to the total in fourth haul, respectively.
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Table 4-5 Separation efficiency between Chionoecetes
opilio and Hippoglossoides dubius

Operation No. Net A Net B Net C Net D Net E
1 0.43 0.76 0.46 0.39 0.73
2 0.35 0.58 0.73 0.45 0.72
3 0.31 0.66 0.66 0.37 0.49

4 0.35 0.51 0.39
Average 0.36 0.67 0.59 0.40 0.65
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Fig. 4-7 Changes in height of the center and left end in the
front edge of separator panel in each haul of net
respectively. Solid and broken lines indicate height of
the center and left end, respectively.
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Fig. 5-1 Five categories of scale loss on the dorsal side of flathead flounder for visual assessment.
(a) CSL 1, little scale loss; (b) CSL 2, slight scale loss on some parts of the body surface; (c) CSL 3, scale loss on less than
50% of the body, (d) CSL 4, scale loss over 50 % of the body surface; and (e) CSL 5, scale loss over almost entire the body

surface.
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200845 13H1C, KDSFFATE DMEMICHB N T,
ZIAHZOHH TN —% v b 235 U= EEE
(BB S, 200)ZHWT, v RTYREHN—Fv
NTHEIN=T LA &5, 128, Jv RL>
R TOMEBYNIIRBEY N DR IEEAERT AL A
THoZDIZH LT, WN—%y hTEREHONSH
FEBDXTAHZIZRE > THOINIIT AHLAMN
WEINTZ, TOL7EZENS, FEAERMYN
Wy R I, BEOHBENIZEE A ERNWCSL 1
HBENROT AV AEREGD I ENTER, £
TZHN—=Fw nSid, X7 HZEDRETLESLL
FOWEMNHEEL 72CSL 45 D WIESOEAZED Z &
MTE, NS OEART, ZNLL RO RBEH =
BNESITEBIZER Z IR USICANT, Hokz
PEFED - EMABWATFO—)VEERCIT, AL
T HMRICIOEERT D ZNAE L /2e ZDX D IEEK
T, 7HHLAIR15CHh 5300 FEE THEIENE T
TCUTIZTFITFS EENTWAUREH, 2006), ke kic
B> 725, WIEO3REMEZN S I 5 ITAHEIRE 2
IKER(1°C) ERER(SC)D2EAFITHE D HIBENN T & A ETs
WEEAR EZE L WEARZ ST, AFH4DDERSMTIC
ZIOEROEAZBNTHEL . ZNETNDOEMET
IZBWTHRDIZMEERN S, WIER D6, 12, 18, 2435
K DASIRF I #% 38 1% (SR EL L 7= 15 A O KAl 2 5 U 7z,
BB, WEEBIC, IhsoEAEIIcay R
RS HHI U 72380 SR L 2RI DONWTH,
KiEZHE L7z, 728, KEAC)EBWRGET)DSEM
T LT REBNIRE & FL ek 2UR % 5T (Automed Systems
HITOMPROBE) Ttk L 7. IRtk Az RBR=EIC
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FBEIRD, HFlBX2 SKMEFHIO A & 7230
Rz ZNFIECH L, mmBif TORESH&EAIR
BOFTHINAATHFEERE TN, BEITRE L7z,
il OB BT ETR & FAE D F ik E AL TG
U, &EEOHEERZE L 2, HIEZO3RRH~48
BT ORINE, BEEITISCICRE LB EN THRE
L7z ZOBRIZ, SCTHRIERL 2548 O Id oK 2 B
DERE, ICTRIRT 288RI1C1E, ERPFOKITR<
BSBVWED ICHERKEHEFED .,
BEEXREZOEEBREMFORBEN SZEUHL /23
fEARIZDNT, R Z S IR R DX W54 ¢
TOZERL, T<IK2mmAD/NFIZL, 15%i
HWEMPCAMO mIZE ATz, TDH, IN5ERY b
O REDFAF—THEL, ATPRE/L G &M
IB5EEHIT, ATPEIE L EWRIZEE D 2 Wk 2 0
ES87z. €L T, 300#iE L%, Iz
(10,000X g, 2°C, 2041 L CLEEERZ. S SITIRE
IZ15% PCAZ 15 mIINA CHFE L3054 #E L 72tk [
S TEOAEEETY, RiEESZ. 205200k
W& A&bDYE, NaOHTpH7O+02ITHFHIEL 121812, 5
W(No2, HIEAHHZHWTHSIAM L =22 24K
KTI00 mICERL T, KIEOHHEEE L, 20
SATaEL 2 7 )L I 1 L (Asahipak, GS-320HQ, JH
{bpk) 2 %75 U 72HPLC S 2 7 A (LC-10A, B BLERT)
IZHE L CATPRESE L & & 43T L 72,

53 # B

5-3-1. TR E S BMAICE T BERAN OB O R B

IMIBETIET WAL A EEBITXTA DR
EOREBTHEEINTVDDICH LT, SEHETIEX
TAHZF F o< XN > = (Table 5-1), £
7z, HRRIZ X 20 FIEEREE D 5 $ECSL T HIEfE D2 B
MREVIZE, EETHNZMAE ETOEOHEEES
OEHMEEEARI0EANT, E<RD LD BMHENAS
117z (Spearman rank correlation coefficient),(Fig. 5-2). %
& EFIBEN TN EZINBHCSL ITIE, K& BT,
FHEEL TWAHEIFIZ00 T TH S, £/, FIRMO
fidk > FBE AT TR D50% LA &3 HCSL 3 TIEHE
BRIZ02~04FEFETH > 72 DITH LT, KREDFEHLU
O RIEEL TW5 &9 HCSL 4T HHEBEITIFS0%
DOHBEIH TR WEEHH D, BHICKDH5HEITO
ik D FEE 2 B RFAG L TW 5, KR o #EEL T
W5 ET HCSL SITEHEEN0FITICH D, Ty

MINET LA TRIREDSEILL L BEA HIEEL
TWbZ E&ERBL TWe, FCSLIZpEINZT
H LA EROHEER DG EZ, X TOCSLHE T
Lz U2k R, TN TTHEENED S N7 (Tukey
test, p<0.01). ZDZ &5, HEIZ X 2O HEkT
DRI KFEMIZ 72 B IEMDH DB OO, FEEIREEZH
MEIZHETETHD, LIETICE S0 HERRED
J3HECSL 2 FI U Tl 0 FIBRIRAE 2 314t 9 % o

B WY WA LA RO ERIE, ik
M TiX260+£49.3 mm, 57 TiX228+49.8 mmT H
0, MMM THEEZAINED SN/ (ttest, p<0.05), L
N5 T, WMETOT WAL A EADCSLE Ligd 5
®iTid, REOHEEZEZERTD2MHEND S, MWiElT
BIF 2 CSLFD B 2 & (R BRI kD 7= (Fig. 5-
3 EBEHOMTH, RENKRELEDITHEST, #H
BERDEN T & 2R T CSL 54D E &AL, #
BEDDIRNCSL2 & 1OEIGMEML /e 2D Z &I,
INERIE EBEDHBEL BN £ 2 ERL TS, &
MIEHIIZ B W TIE, HEEENENWCSL4E50 505
AL, RE200 mmE TIE84% TH O, (KEMEF N
KELRBDEEHITERE250~300 mm Ti348% 12 E T
BT B0, KE300~350 mmTH £/Z16% DEIGT
WL/, ZHUuc U T, 28 Tid. /£&200 mm
FTOCSL 45D HIEIG1334% TH o 2nd, S
s LRI E DEIGIIARERERNRES KD ELED

—_
o
1

Max

Mean
S.E.

Min.

Mean value in fraction of scale loss
[e)
i
1

5
()
L
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CSL

Fig. 5-2 Fraction of scale loss on the dorsal body side mea-
sured by digital image analysis plotted versus the scale
loss category of visual assessment.

Table 5-1 Number of Hippoglossoides dubius samples, and catch weight

Catch in weight (kg)

Date of sampling Net Number of samples TFlathoad flounder  Snow crab — Others
19 Jan. 2008 Conventional seine net 66 30 30 60
20 Feb. 2008 Conventional seine net 63 21 23 15
2 March 2008 Conventional seine net 100 15 15 15

18 March 2008 Conventional seine net 60 15 15 30
27 March 2008 Seine net with separator pannel 48 180 0 90
7 April 2008 Seine net with separator pannel 101 45 0 135
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Conventional seine net
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Fig. 5-3 Comparison of the scale loss category composi-

tion by body length between conventional seine net
and BRD seine net.

12K E250~300 mm Tl 16% 12 £ THA L. £KE300
mmPA ETIIHBE L >7z, Z2OXDI12. B
CSL 4&5O B RIT, ZNTNDOREREN T, 0
BRI LE R T4 D 1 630 DIFEEIZIL 5,
5-3-2. BiOFIBHIKEE & RBURE R OKIEDZERBZ(L
FERGM T LT, EERE &R B & Table

Table 5-2 Mean categories of scale and body length of
flathead flounder Hippoglossoides dubius

Mean
Storage Mean
temperature (°C) csL”! body length
(mm)
1.0 0.031£0.028  310.3+£16.04
1.0 0.61£0.088  271.3+£11.77
5.0 0.04£0.017  313.3+41.02
5.0 0.61£0.088  250.0£10.00

522 U7Tze ERICHWEZT I A LA Ok o8k
G, BORBENBRVWEBRKX TIIS9RKHTHD, —
5, BEORBEN O EVWERX TIZ0%HIBRTH D, <
NZFHCSL 1B LT, CSL4MSICEYST B, £ I T,
SHIZTNFNCSL 1B XL RCSL4or 5ENIERT 129
b, INST AN LA OFEEERER, BEOREEIEE N
FEEHRE TIE310 mmi B Th o720 LT, R
BEDYOE WFEBRIX TIE271 mm&250 mm & 0/NE )
27,

BASPENTEHI L 7218 % O 2L 2 Fig. 5-412 R L /2.
BHKINSCTH > = arNIREN, W3R I
E2TORBTRICETETL, MEBoRHFITITIC
BMERTIINIC, SCHRERTII4~5CER- . £
LT, @go~48hFf DARMNIRIEIL, ZIFERE L
BENMRIZN T,

B RSN TITHBT SKME ORRF 2L % Fig. 5-512R
U7z, 3R OKMEFHAIBA AR IC B W T, B
HEIREE & SR E RRIRE [T T T A RE R T, oD B
IREERIOKMEICH BIRZNRO SN, 2R ERH
IIZZEIIED S NBD 5 QRER B HT, p<0.01),
7B, WHEER OO HBENIT & A ETRWEERTOK
EDONHEIZ1.84TH D, CSL 1D3KFHKFOKE & 1F
FELWHDTHoTm, TDIT EMND, FEIEH3EH

154 . 15-
Storage temperature 1'C Storage temperature 5°C
Category of Category of
O 1 | scaleloss 1 scale loss
< 10+ 10
o 1| — 1 ]
% """"" 4or5 _
%3 H
g
U.E) 5%
= ]
0 T 0 T T T T T 1

0 6 12 18 24 30 36 42 48

0 6 12 18 24 30 36 42 48

Elapsed time (h) after catching

Fig. 5-4 Changes in temperature of storage accommodated flathead flounder of slight scale loss (CSL 1 or 2) and heavy scale

loss (CSL 4 or 5) at 1°C and 5°C temperature.
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257 o 251 9
1 Storage temperature 1°C 1 Storage temperature 5C
204 | Category of 204 | Category of /{
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Fig. 5-5 Changes in K value of flathead flounder of slight scale loss (CSL 1 or 2) and heavy scale loss (CSL 4 or 5) under stor-

age temperature of 1°C ad 5°C.

£ TOMICIED HERRED O E WER TIAEE DT
MIEFLAEZEZEKRT S, EOEBREMETSH, K
BRI OIS & BT, ER U, 3, 6, 12, 18,
248 X 48K DKMEIC DWW TH S &, {RIRiRE
I'COKMEI, BEOFERREICED 5T, 12K E T
HERETIRD S NRBN 72, 18RMUEBIZEERER
ZZDVERD 6 N7z (HEIME A & R E L 7= Williams' test,
P<0.05), {REEESCOKIEIX, CSL 1 TIE6MEEZIC
1%, E/~CSL 4 or 5T 120 MBICIEE E 2N
5 N7 B INE A Z R & U 72 Williams™  test, P<0.01),
RERENENWER N SKED EFANED 5N 54
RElzo7z, 18IRTREERFOKEIZIE, CSL 1D1°CHR
17 ECSL 4 or 5SO5CIREFDORICZ T A REIRANED 5
417z (Tukey-Kramer test, p < 0.05). 48HRf [ £ Ff D KAE
1%, CSL4or5DO5COEMITH LT, CSL1DITE
5C, BXUCSL 4 or SOICTHAEREITHETE > 72(Tukey-
Kramer test, p < 0.01),

54 # B
5-4-1. BEORBEDFFMAE L DBEREIC K D BRI BE
DIEHNE

AR TIE, BIRMOKREERZREE LT O ¥ IVHEi§
=T, BRIZEK > THORBEDIRIEIZ K > THHITH
iz, Fiz, BNCHI{G OO REEL 7= mifEH S Z
BT OFiEE AW TG L 7z, HEEMOREDEED
HEEZERZICHETHMT 2 2 &iaLiZLidfrbnT
& 72 (Soldal, 1997; Broadhurst, 1997; Purbayanto, 2001;
Butcher, 2010), AHFFEIC IV 5 HAUT & 2 D HIEER
RO, B HERRIL, BEGRMNTIC K 2 Rk
DEGZES M 2 &, HEOFhAETHEEL
TR DRIBER L D BORBAFM &2 > Tz, L
L, BHRICK 208 RIZ, 28T S ITEBGMTIC X
LD HBERNHFE I I Tl &Ens, BT

HBHEEZEZOEND, THOLEEBBRICL2BORBED
HIIMETH O, KEOHRIEY OO HEEZ TGS 5
DITHEB EEZE5NT NS, FFIZ, AWK TIE, Heg
L 7-Hi{& EToBOHBEOHEHHFHTH o, D
KOTHRERHOT VI HiGERE LAEEFEL THZ
ET, FHMiiEE AL TRAZZRS<T I LS, H
HICKDHI 2175 L DAREE 785,

AW TIE, S 07ME & B & B I/ ERIE E
D FEER DM o J=(Fig. 5-2). L L=k D, &
WHTIET WAL A EEBIL, XTAHZDFEY T
NI E'E S TR ENEES NS (Table 5-1), €D L
RIS, THALAREOGEBEORBRL, v RT
CRANTATAH =RV B TR EDEEME DR
filC X B EEDIENICE > TRITZELSZHDEEZS
N5, —RIIZ, BRI WE, HEKEET MWL
TETRRICE 22T 5 & D a0l Y & Ol &
MOEGET HEENH/NI N &, KEE B BN
NI NI & BIFHRE S 1TV 5 (Surronen, 2005).
ZOENT, EREINNS WREERZE EEEDR O 22
RICADRAE Z & TR MDREY & DA 1
AC, SHIBERMNEEIM U ZRIREENE 2 51 5,

K300 mmZE A D EEKITH LTI, ST
WL THCSL 4 LiFiFEnEronalizolz
(Fig. 5-2)o A£300 mmE TOCSL 48 L N5 I F
&, SO S R EEREL D B25~3EEN o 2
—7, FERFPEICBT 5 AR OEEO BRIIKE
300mmEA R TH D I Ens, HEEEEZRECHERT
LR DEHESNABORBERZXTEIED D
EMTES,

— RNk D RIBEN DTN, B Z KT 2% D
AETRPEDNE W 2 & AYALS 31T W S (Suuronen, 2005),
Kaiser and Spencer(1995)(3, Beam trawliZ /2% S 17z
plaice Pleuronectes platessa & dab Limand limanda 13 %%
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RNE L (61% £76%), M- L 7zplaice & dabld30%
KA EDOHEEDFTBH N AL N2 L E2MEL T
W5, F7z, Kaiser and Spencer(1995)i%, #EM D S
B COIREY N SO EGEEZ T2 EHCRNE LSS
5 EERBEL TV, srEETIE, ME2SHKITS
THAHAVA R DNTS, WA TREDN DN
ET, IMBHEEID BEEOREEN DIz < AFERMEE N
ZENIfFE N5,

5-4-2. BiDFIBE EKIEDRIR

FKERICH L7 HW AL 1 DEE, CSL4or 50
A13300 mmAiETH D DICK LT, CLS 1DEADEK
£13300 mmPL - Td > 7z (Table 5-2). Fig.5-2T LR L
&I, RENREVIZEHOHEEOREIZ DN
DT, ZTOHIETHENHEEL S >7=2 L13FEZ 5N
%, WHELIIRH OKME B IARE T, FARIC AR
LTWEADDEZRD DB, ik ORI BERAER TKEIZ
BREBENED SN, BEOHBEND EWERSEMTIX
KB & o 72 (Fig. 5-4). —MXIUIZ, JERMTIE
N TRMEKRL TIRET S &, Oy RILORA
THOBREY EHEMTHZETARLAZZTEHD
&F Z 5315 (Suuronen, 2005), I [E UFEIC £
LTWwkizgebhnbsd, T LEENHEZDII,
CSL4 or 5O 7 AL A RO HBEN O Epo Tz &
NHEEEIND XKD, HENTREY & OBl
WEDERMREICH - EEBEA SN, ZDROITH
NTIZRILF—NIHEINT, KIGTHNTT TIZATP
BED L TW=nlfetEnd 5. EERIZ, PN T
U TlE, ERELEEEICKED EREITR W Z &%
5 1TV % (Kaiser and Spencer, 1995; %2 H, {2/, 1996),

KIFZEIZBNWT, KIED EFIT L > THE%3ER
e FEARENH D DI, 1CTHRELZHATIZIS
Rt &, SCTORBEDOBZEITILRNTRREN S /2
(Fig. 5-4)e E 7= DFIBEN D ENWCSL 4 or SOFEMT
13, 24N S48 TOKME D ERRIZEmMN o 72
(Fig. 5-4)e E T AR T VR EDMDEATETH, {fE
WBENENE, KIEO ERANEWZ ENHAISENTWS
(Iwamoto et al., 1987; 2 H, ik, 1994), [F CIRET
R U2 ERAICH W T, 48K 1% OKIEZ,
FEERNEmWIEEE L, 3EMIFICBIT 2L D B
ERDHDERO=(Fig. 5-4) DFEVD, FEERDKE
ROKMEIZ, HEEROEWERDZNID B, &
ELTHAMA 5Nz,

5-4-3. SEEMAIC K SEEETHHIORTRENSE

K2 LU 7ZEBRICBWT, oHEEO O EWN
CSL 4 or 507 HH LA DREIL, Fig. 5-204KE
250~300 mm®D FEFRICIFITREHS L, Ihiafl T
NETHH LA DT DERED 58808 Z O fif O H L
BIZEINTNWS, —F, CSLIRDOY HHL A1
300 mmPA_EDIRE T, BRDZ M U /= 40 Bl 0 s
MOZOREDEZ E#RELTVNDEEEZENS,

Z TR, ROz s N—Fy N T
SINETHAALA DS, BEOHEENR D ENVEAZET,
Kz L7z, SnBEoay R REDD, X
TA Al EDREMN L, LI ATV &2
7= mIREMED S B, Sy B T OIS IC K > TREN
WD ZET, EINDT AL A OO HEEDMEI
INDDHRIFFED SNz, UL, FRRIEEMICX
LERANDT A=A ML ADRDIBNT EERBL
TWa, £/, BOHEENDIRNZE, HEOMK I
Ml TnWB I EERLZ, AT, oz
HbBEZDE, HEEEE S TREINZTH
LA OKIEZ BRI L 2D T ng, 5k
WERWTHEISNZT IALA1E, IhsHE g
SNZHDOEDD, BHORBEIN DL, FEEK T
HE N2 alEetENd S,

FOMKREBERICITEERCAEKDOREIHD
FRZTRBERMNH O, EIRLAZIDICEETIDEAAD
Z &, BOHEEDARROHEOE Es EAKDIEHZ
DODHRFDO—DEHRIND, HEHAED /=2 HIZ
IREDKIH T H 20, RFLD K S IZREDEEED
HEH O bR RERE L TR, 2
WEFDEEREBEAT DT O—DITR2 ]
PR H 5,

B6E HAEER

6-1. BEHIRICEL /=1 T

BIET, AT O KR SE ORE OMEIZ DN
CRl7z, 22TlE, TOREZHENT 2 DI L /=
WY1 TBXUOHANREIIDNT, HE2~5EDHEHM»
SHIARNICER 217D (Fig. 6-1),

6-1-1. Bk HA

AL AEANDOME FE2ETHLMILZLDIT,
KEITO mLAETOT AAL A, eL7oBIUTV Y
NFERGEUZBRETE, fHIND IO O
v RIL> ROHEZHIKRD3S5 mmAH 5 65~72 mmiZ i
RKTZDZENEELW, ZOHBEIHTDIINSDNH
LA EDS0% BB EIIBLZI150mmTHD, i
2D, HEBMENENZDICHREINTVSHRE
150 mmA i O /NEUEROREZHIH TED EEAS
b, KFEISOmEALTOYFFLI AL A ZRHRE
U7 B3ETid, BT S (2001a) O H R
BROFEEMNS, 2w RT2 ROBADKIS0 mm®D & 7
BHENEAINTVWS, ZOHETOVYFFLI AL
1 D50% ERREITK1B0 mmTH O, HEILARLIE]
OV FFLIHVA DKBTHEEBDB/NME (8
100 mm) KD HNBRDRKREND, YFFLIHALA
D RBEIEAE (EEK150 mmAiH) DEEDZHIT
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Autumn Winter fishing season Spring
fishing season [Nov. 11 to][ Jan. 11 to] fishing season
(Sep. & Oct.) U Jan. 10 AMarch20) (April & May) (June to Aug.)
K1
300— | Prohibited <l or Prohibited
ﬁShll‘lg K22 ﬁShlng
E
< 7] Closed
o,
o season
A T for
T - - BRD
0 BRD . T T fishery
20 L T S1 S3
S1 1 =L
: = T
- T s2
- S2 L Kis
L Kis
100— —

Fig. 6-1 Net type plan to reduce bycatch for the Danish seine in each fishing season.
BRD: Bycatch reduction device (mesh opening about 70 mm)
S1: Sakana net (mesh opening about 70 mm)
S2: Sakana net (mesh opening about 50 mm)
S3: Sakana net (mesh opening about 40 mm)
K1: Kani net (mesh opening about 120 mm)
K2: Kani net (mesh opening about 160 mm)
Kis: Kisu net (mesh opening about 22-25 mm)

ZOHBGNEDI Y RLY REAZIN TN S,
ZTAHZANDOHRE T4 =iz LTS, %2
BETRLULEEDIICATA H DR XN 5 7KEE200 m
DIROWE TIE, SN0 HEGNEZT72 mmiZiik
LTH, ZATAHZDREHIRICIZE > < AT T
HD. REINDXTAHZOHIEIZHKTI60 mm
A, MOEIETMA S EZDEIITH500 mm
DlEIZIe 2, 2, ZTOREZIDXTAH_DEEZE
B TEx5 L5 BED0IOY R REZHWS &
o FRMOERNFMTH DN LA HERET LS Z &
ITERWV, LENST, F4ETHONIZLELD
TR - BRI X T 1 = ORMENE U D T,
A1 HZOREZEHIET B =013 B E WD
ZEMEL TWD, ZOnEEOFHICED, X771
N DIRE DRIy ZHEN e & 782, T HH LA
b L7 OoKGTORMNIZNZEIN19~26%, 38~
35% &350, ERAMITIHAGAHREZAEL TWE &
EZ2oN, ZOSBHEIEE, K- BRI L1
MEEMRE L BEICEAINTVDS, I5IT, 5
BETHOSMILELDIZ, HEEEIC L 21ENT 17
LA DR gk D HIEE O3 K KT D HfNIC
BENRND DI E, SEERAEFER TSR AIIREN,
FRCRI NI X T 1 H Ol o B & 72 0 (G4,
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1970), HHEZOAEFRRNIEFITRN I L MESI N
THOLIES, 2011), RMALRNS XTA H_zHE
HT 208, 2 e DX T A HZOFEITE R
Thbd, —FH, —WMOBWHEENSIE, HEEHEOMERZ
AR &L, Bk - BN B 2 HEEE F KEER
BEWIBERSH D, LL, BFERIEREANICITH
100 mmLA EORBD XA HZ bK< AEBT 5,
J3 BEREVE FEIE 100 mmPA b O AT 6 U Tk s
BFTHZEME, DEEROMEIINO XTI 1 H=
ML AERT 2KE230 m& D HEWHEEAEE L W
EEZEND,

FEOL/NIEE FTFADME

THALA, ELZ7ABEPIINFEZHLEETS
SN OHENEZRKNTO mmAJERT B ik
T, JKEI180 mPAED I ICEEEIC T H5F5 7
TINZEE T OREZETEILEHIKT S Z A
RTE, ZNE- T, HETOBMDERIEIMET
T2 EEHIT, BEPITIRDFEE R ORENNN D,
HIETHARZLDIC, BHE F¥U72 /NI EE
N FORBICH LTI, M0AEEMFEN S %SNS
NTWa, ZHIEFENM R NLATA VEBR LT
JoRO—JEDMNSFI I )N EE bTEHE
HT2ZE2E-bDTH D, HEBEINMTL TH
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ALTWRZENS, “ENTIIRNDDDHBEIZAE
HI2Ha2HNT20RIIH 2 EEZ 5N 5, Ludvig
etal. (2010) ¥ ~hO—)LAT L2 XofE AW
T, EKEDES 3 v RGadus morhual )N K 7
Melanogrammus aeglefinus% 778 L, X U ¥R W\ E
kT 23y ROBEZHF TES EWME L TW
%, LENSTHOEIBWTHFY IS I NI EE
NFEF TR, WIKIDNS W TA HZ 2P
L EMTELREMEND S, BHS (20060 13, iF
DNTL BT RO—=JIZHLTAT1 AZidiF &
WERINERIBMN o EHREL TR, HEEREICH
DEZEZTDHIEICKD, IBIATAHZDHkH
RrEEmboNsugEENH 2, 270, MOADR
WE>TRALVAHOEES DT 2NN H D, &
BISHIN—Fy MEREICELST, F¥I7INTE
E b FOHMOHIR ST, XUAHZOPEhE LA
BOMBE DR RZ MG DHEND 5.
ZFRANDME ZFRITHL T, BHIROETH
WIZHENER20~25mmD Iy RT2 RAHNn S
TWaM, ZHUI=F R L THEL I/ 0WE
BTCHD, ZOHEMEFASIN DAL, ZFA0a
v RLY ROMHEICREF 2 2 L2l<D
HIE) THDM, TOEDICETTHOHBETIZI=F
AT LA O /NRUEROIRIENZ < BIRDOH ) FI
D@L, FENRIZEFROF A F B M DK &
WO RBEZIA TS, H T TOHANESS mm
ORO—=)VHEIZHTZZF2AD50% ERAKEIT163
mm&EHEEINTVD CGEHE, FEHERE) . EFIC
B =ZF 20w XIEARE120~130 mmPL £ T
HO, HEZES MmN 5 H I D UMNT S &IcKD,
ZF 2 O/NEUE KR DR % HlE T X D ATREME YD B,
I 51T, ETHTDN LA D /NEERSE DRI HI
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Fig. 6-2 Spread effect of bycatch reduction toward the future Danish seine fishery off Kyoto Prefecture.
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