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Variation in the maturity size of the Japanese sea cucumber, Apostichopus japonicus, by macroscopic observation,

in the coastal waters of Hokkaido, Japan
SHIRO TAKAYANAGI*' AND TADASHI MISAKA'
' Kushiro Fisheries Research Institute, Hokkaido Research Organization, Kushiro, Hokkaido 085—0024, Japan

Variation in the maturity size of the Japanese sea cucumber (Apostichopus japonicus) collected in the coastal waters around
Hokkaido, Japan, was assessed. From 2006 to 2009, 2,978 specimens were collected during June and August from 10 localities
and examined by macroscopic observation. Differences are found in maturity curves and 50% maturity size (body wall weight)
in the different coastal waters. Based on generalized linear mixed model (GLMM) analysis using the obtained maturity for each
individual as a response variable, the optimal model divided the 3 coastal waters into the Sea of Japan (including the Tsugaru

Strait), the Sea of Okhotsk and the waters of the Nemuro Strait and the Pacific Ocean (Hidaka area). The estimated 50% maturity

body wall weight was 97.5g, 76.1g, and 64.1g for each area, respectively.

Foy—F

~ -~ 3 Apostichopus japonicus %, ACHEEDHIUNE T
DOEMNZGAGT L, WA 5 KIE40m T TORIE A
e Fl2AEET S (Mitsukuri, 1912) o ASFE I B A JE 20 I8
B AEERRFEEETH Y, LB TIXEICHRE
TSI, ZDIENITEKIRICL BRI 5 EHD
HEBTON TS, HRASROWERIZ1T N Y RET
B, HERFEINZIbEE, HFHRE, IHOROJEICS
Vo JbimERERS B L HeiEE K ER S L, b
WHEIC BT 5~ F~ oo, 1956, 323 F >
(19644E) #52,835 b > (20074) ORITEBLTHBY,
FEAEIE20034F 122,090 B L ICET AL E, AWML TS
(Fig.1)o 2011 4EDIIFE N O~ F~ = fifl i & JRELUR B
IhBE, FHRENTRDEL, RVTERS, WHOIE
Lo TWh, ¥~ afiZENH L TR R b A
BWVIREENTL 27 by OENH Y, &EL NV TH
5L ERAFGOAFERIITL TH LB, F72, HF
OHANEEIC LY, AESEE (20114F) (Z4ET105EH
BB ARYE, ¥ FYaEMR L LIZEMTbILTY
ZVTNOWHICBVWTY, INFT T RICEELRE
BRI ->TW5, B, THBLOYIBENTIE, <

DR, AT X, AIREIE, duipE, <o

Fv aEI L,

IAEOMERIEKIE, PENCBI % 88070 TR I
it bR 2T R E LT (BEH, 2011), LT EHH
KLizZlilEoThebasnhizeEzons Bz,
FlE, 20127% &) 2O &) REEOE T 0 IXEFRED
LT HREMRH LT ENG, FFISTEIZR > Tl
FER S L -WHR T, BFERNE EMICIEEL, B
PRI 7 BIFAEBT % FATT 5 2 L ASBIROFEREHFI
5 ETEBTH 5L,

KEEBIR % AEFFER 2 7o —>2 & LT, /ANEE
RREEL, KERELTHOHET L HEND Y, #
TR DB SIS 4 A HEICT 228 0H D (B
ZUE, AR HE, 19577 8o dbHEE 0 AN CUL4E
MEEDNL L o TWDLANER=Y Y TlE, HlLEHE
BVIEREEA LR (RS 2 720 DFRD
Esh, ~EOMENDHL I LIRENTVWS (LD
5, 2010),

IHFESTIEITF Y IDESIRESI LY, KX 312
x5 B HEHHIATH FIEE SN TV DIBEHL N,
~F T IADOHEHAY A XIZONWTIE, EWFRINEE L

HoCE 5 AS00 (20134F 12 /] 24 HS-BH)
*Tel: 0154-23-6221. Fax: 0154-23-6225.

E-mail: takayanagi-shirou@hro.or.jp misaka-tadashi@hro.or.jp
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Fig.1 Annual catches of Japanese sea cucumber in Hokkaido and its 10 subprefectures.
Data source, Hokkaido Fishery Statistics (Hokkaido Gyogyo Gensei and Hokkaido Suisan Gensei).
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Mo, BGUTRRRE ~ i, AEFHAT, ATET, WEHrET, R
PURTES T, RENTISEAE, HERHT, BN s L o072
MPATD 10 H 7T (Fig2) I2BWT, KT 2I3BKkIc L -
THESNEADSEBLNZODTH D (Table 1)o 7%
B, EINEEHICEE T 5B O (FE, 1991) 1I2&ED

&, 6 A58 A T E COMMICIRE SN/ERAD
Mg - BIgEER A L7z,

FEA IR 100K E FRRE LT, K&, BEEBLO
AR E R A TR LY 0.1 g AL TlIE L 72e fRE
ZHET HHRICIE, RROMEWELRY RE, ~—3—
AN ETKTEREW- 720 72, B4 - JIIEH
(1996) 1ZHEvy, AFEROWIRBIZHC L0, BRI 5
P & fE SRR R B, RN & S kR
BARBH & HE L7z, AP TIEES - JIIEH (1996)
AR E LIARE 150 gD LR & IR ), kD
INE iR E S S V2720, PIREREHC & B EHEH &
EREERIGED L Do 720 ZD720, REETIIMERERE
F=F ERMH LRI E & LT, LA R IR A A
THro770
BERREMICH T E69 1 X—RABROHEE 10
HITOIREH (Table 1) 2B B4EY 4 X L BEE GO
BARR%E — M LA 7V (GLM: Generalized Liner Model)
WX D HEE L7ze MR A X & LTI M n 8 TR
EOLEVwE SINLBER (B, 1963) Hv, 512
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Fig.2 Locations sampled for Japanese sea cucumber specimens.
1. Hokuto Moheji; 2. Inaho and Kantahama, Okushiri;
3. Shakotan; 4. Yoichi; 5. Tomamae; 6. Kutsugata, Rishiri;
7. Soya-Bay, Wakkanai; 8. Oumu, 9. Shibetsu; 10.
Shizunai, Shinhidaka.

JHEIC B A< FYaOEHF A X 3

HEIIEEDIFEIZIHFIT A Z L (Yamane and Hamano,
2006) A5, FEHTICIZREREOIFR (CUF, 1 X
Be32) BRI, TICISHEFNTEESER version 3.0.2
(R Core Team, 2013) DR glm(O) %M L7zs GLM T,
OB AN ) T RE L, SR uIn
Ty ML L (UPVAT 4 v 2[R BRI
TEARBN R L 72t - RO 2T — ¥ %, BEAIZHK
IR O 4 X R L7z 1),

logit(p) = 10g<1'%p> =Bo+Bix (1)

Z T, pIIEES, 23R A R, Bo, Biidon
SA—=FTHAb,
BONIZETIVIC L) BEEARFERICBIT 5 50% Hisk
BEEEEE L7,
Y 4 Z—RABRICE T BBEEDKRET 9, &Y
A XL WAEE ORI B T B ERERB O % MG L7z,
10 I T OFER D SEED2 W T2 L, #4720 T
SHMOT—Fy PEIER LT, SNHLDOET—F Ly
MZoWT, K10 LB FEMZFHERE LEWET
VR IRIEIREE, NICERERE 7 T - E LGB
L7zEFNVESVARSE LT, LERBERTo7. B
EKHEIZ0.05 8 L7z,

iz, RCHRXS % H 7 T =85 LGanL 7z
EFNV (X2) 2HWT, —BILBIRRAET )V (GLMM:
Generalized Liner Mixed Model) ([2X 50V X5 1 v 7 [
Ja AN & AT 0 720 ST ISR IRIT BRI R DXy r — ¥
glmmML 2 F 15 B glmmML ()% L 72 (Brostrom
and Holmberg, 2011 ; APE - FA%¥, 2006) o

logit (p ) = 10g<1’%p> =Ro+pixi+ Pz +r (2)

Z T, pIIBEES, v 3R A R, e (3K
9, Bo, B, Bl3NTG X—=FTHb, riZPATTIVICE
J% 7 7 LRRT, FHICFEPT CHRILS AR (34
) ZIRE L7,

WHRX 3 2IE, REMTRGET 0L DL

& GESX 28 L), 107 FTOFEMIC XS L2E,
TERMEDRKRICIEDWTRE M V- TR T LD
BEDIODETFNIOWT, BIHEX S % 3iHEHE L
TR HRERE (AIC) 12X Y bR L 7,
BEEY 1 ZOME GLMM IZ X V) AICTHR/NE T IV HYE
S NIHEIX 4T, 32 OFAZEA O WX 55 % B
72TV EAGT, 50% A% EE L HEE L, 10,000 M
T—=FANT Y FITED 95% EHEX % KD 72,

F 7o, MEEBMGE CIRE & 2 Y £ X% )
TOVAGENIFEAETHLI NS, BEELD LE
FEIREL LD EEZONDLD, BREROMND Y AR



4 AN, KW IE

Table 1 Locality, sampling date, sampling method, number of individuals, total body weight, and body wall
weight of Japanese sea cucumbers used by this study.

Locality Sampling date ~ Method Nu@!aer of Weight (g) Boc'ly wall
individuals weight (g)

Hokuto Moheji 2 July 2008 Diving 49 29-616 19 - 281
8 Aug. 2008 Diving 50 46 - 522 32-246

31 July 2009 Diving 80 77-514 45-238

26 Aug. 2009 Diving 70 120 - 436 78 - 224

Inaho and Kantahama, 7 July 2008 Diving 100 43 -295 29-182
Okushiri 4 Aug. 2008 Diving 100 22 -224 14 - 136
8 July 2009 Diving 100 40 -338 28 - 191

3 Aug. 2009 Diving 100 64 - 246 41-133

Shakotan 10 Aug. 2009 dredge net 59 78 - 466 56 - 226
Yoichi 9 July 2008 dredge net 99 41-471 25-248
24 July 2008 dredge net 100 46 - 473 28 - 246

7 July 2009 dredge net 99 50-310 25-162

Tomamae 8 July 2008 dredge net 101 61-169 46 - 109
22 July 2008 dredge net 100 32-170 20 - 84

13 July 2009 dredge net 106 29 - 236 16 - 139

24 July 2009 dredge net 110 50-220 31-154

Kutugata,Rishiri 14 July 2008 Diving 50 30-376 27-227
16 July 2008 Diving 47 73 - 505 60 - 268

28 July 2008 Diving 12 91-585 86 - 206

29 July 2008 Diving 44 60 - 367 36-301

Soya-Bay, Wakkanai 21 June 2006 dredge net 179 63-317 52-189
Oumu 31 July 2007 dredge net 106 42 -277 28 - 166
20 June 2008 dredge net 100 32-423 20-173

18 July 2008 dredge net 105 33-331 20-219

18 June 2009 dredge net 95 73 -472 40-191

22 July 2009 dredge net 98 35-244 19-108

Shibetsu 28 June 2008 dredge net 55 15 - 604 10 - 258
6 Aug. 2008 dredge net 90 23 -437 14-217

15 July 2009 dredge net 98 25-625 16 - 375

5 Aug. 2009 dredge net 97 37-570 27-279

Shizunai,Shinhidaka 16 June 2008 Diving 101 23-352 16 - 234
1 July 2008 Diving 84 43 - 386 29 -276

18 June 2009 Diving 94 32-345 22-194

7 July 2009 Diving 100 41-296 27-198

THOWIZHEIIDWTY, FERDHEE 21T 72, B 7= 2fit L, HBNCEER L7z, SKIRT —
ZARREBEICE T BKEBOMRET KEITRAARY 4 X 13, BEARRREN LOKRERM T OFET 5 BEIREE

252 BEEEWE T H720, FIERREEE LTl

K e ORREMETT 5720, KR THH L7ZEADR
EHBIIB A KEZ I L7z, ARREZ ML 72012
IHEATRE BN TRIIMICD A2 KBET— 5 2w
HIENEETHL, LoL, EARERCTEHE, M
e B S N7 KR T — Z EEE L vz, dbiffl
FE M SEIRB AT NI £ Lo TWw B [hifEER
FEREHFREIN Y O] 256, REMIEVKIRES

(F7213RIR) 4 CBELL 72, W% — AR — K
RERH S ORI RO E BY) TH S JEE—b}ili—
AP, KB — B & AR AR, AT — 4,
BRWE — WRTHT —HWE, EA —MENT R S I — 2
¥, Ak —v 7 —HaHT — 0, ARE — R —HEH,
HE—FOE»PT—200, &b, TN 0BHHICE
W, RUMT— 0o HEAZEE, FERDICIEIC
GHETDIRRT - DAREFH LT, HW/z7—% 1y
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Fig.3 Body wall weight frequency distribution of Japanese sea cucumbers collected from the 10 localities.
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D, EAMEEKIZ0gATHIL, 120gHll ETHEELNL
AEERE HD, 140g TTRTOEEAEHRL TV 7z, &
T CILREEHH25~248g TH 1, BIMEEIL30g
ATHHL, 100gHL ECREABEAMAEL HD, 130
g TTRTOMEDEI L TV 72, EHIAT TR ERHEP
16~154gTH 1), BFEKIZ40gETHEL, 100gELL
ETHEEARSER 7 o, 140g TN TOMMKA R
LTwiz, FIREIEE Tl EE#H27~301gTH D,
BAMERIZ60g B THIELL, 110gE L ETREA I
HE LD, 230g TTRTOMARLEIL Tz FENT
TIIFkEEFH52~186g TH V), BAEMKIZ60gETH
HL, 90gBL ETEEIEAMEEKET 5O, 180gTT N
TOMEDIA L T 7z, HERNT Tl E R 19~219

Table 2 Parameter (8o, 81) and 50% mature body
wall weight (SM50) of the size and

maturity relationship model (logistic

regression) estimated for each locality

using GLM.
Locality o B SMso(g)
Hokuto -16.36  3.42 109.0
Okushiri -8.70 1.91 94.4
Shakotan -11.15 2.36 105.9
Yoichi -11.47  2.51 96.0
Tomamae -8.04 170  106.5
Rishiri -11.17 235 107.1
Wakkanai  -12.18  2.63 98.8
Oumu -13.91  3.22 80.7
Shibetsu -12.13 293 70.6
Shinhidaka  -9.15  2.27 65.3

gTHY, HAEEII20gEBETHEHL, 70gBETEE
AR o, 130g TTNTOMEDNIR L Tz,
SN CIIRE BRI 10~375gTH V), AL 20
gBATHHEAL, 70gBL ETHEFRAMEMAEL D, 120
g T RTOMEEDHIAL Tz HOLLITTIIHRER
#iPH16~276g TH 1, WAMMKIZ20gHTHIIL, 70g
BLLE TR L K, 120g TTRTOfEED
L Tz,
BIREWICH T B6Y 1 X—HABHROHETE  50% ik
FREE IITIREMIC X BEWVDTH 54 (Table 2, Fig4),
Jesbil, REFHAT, ERTEN B X OFIRET T 100g R, B
B, 4Tl 3B X OHENTCTld90g B, MM TRogh, &
ENTB L OFH O TIE70g B U T TH - 72,
Y 1 X—RABRICH T 3 BEREEORE KA X
EBEEI G OBIRIC BT A IREME O 2 RET L7 R,
I 2R AE & B B REORILA S 72 (Table 3), b3}
T2 SHENTTIZ 2T TOREMR TIE, AbF1 & 4R
DHMAHBEDEIZDOREEEDN DY, NS OMAED
FCRIFERFZEHTE R b o7, HRITIX, §T
DREH L DMAEDLE THEEN D - 72, FEENT &5
O 7200, WE DA G b TIIFIRG % FEHT &
Lol ds, MOFEME OHMAGHLETIIEEEDLD -
oo INHOZEDS, KA X —KBABERIZBI 2 i
WMZOWKENIIE, bk, WERRT, FEFHET, STHT,
W, FIREMTARS L OCHEANT 2 S MK S L5 i,
HER N, # L CEEIT EHO 222 5k sh s
RO XS EHANDE Z EDFBTH L EHI SN,
TS BB % AN WE TV (model 1), 10 B ATFDIR
Sl 2 RIS E L2 BTV (model 2), JREHHSE
DIERIFEDNT, [ & RHIT &AEFHIT & 43T IT &
AT &M T &HET),  (HERRHT),  (REEEHT &#r

Table 3 Likelihood ratio test results indicating differences among localities with respect to the body size and maturity

relationship model (p value).

Locality Hokuto Okushiri Shakotan Yoichi Tomamae Rishiri Wakkanai Oumu  Shibetsu
Okushiri 0.075 —

Shakotan 0.884 0.302 -

Yoichi 0.041 0.244 0.325 —

Tomamae 0.274 0.148 0.985 0.739 —

Rishiri 0.932 0.073 0.906 0.186 0.484 —

Wakkanai 0.120 0.478 0.394 0.627 0.735 0.232 —

Oumu 0.000*  0.026 0.000* 0.008 0.012 0.000*  0.000* —

Shibetsu 0.000*  0.000*  0.000* 0.000*  0.000* 0.000*  0.000%* 0.015 —
Shinhidaka ~ 0.000*  0.000*  0.000* 0.000*  0.000* 0.000*  0.000* 0.000*  0.469

*:<0.001
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50 ,l o Yoichi 50 - Shibetsu estimated for three chosen waters
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Fig.4 Relationship between body wall wet weight and the proportion of maturity
estimated for each locality using a GLM (logistic regression).
Plot, observed value for each body wall wet-weight class (20-g unit); solid

line, estimated value at each locality; dashed line, estimated value using all

data collected from all 10 localities combined.

OZE) D3R5 % i 53455 e L7z E7 )V (model
3) IZ2WT, GLMMIZ & % AIC % I L 72458, model
3DAICH /ML 72572 (Table 4),

EREMAY 1 XOHEE  GLMMIZ & V) 38 k1 X &
BB G OBREHEE L, 50% KAk E R R 0V50% Mk
REZ S H L7 (Table 5, Fig.5)o 50% BiFak®E w1, b
P ~HENT Tl 97.5¢ (95% (EHEXIH @ 94.5~100.5g),

HERRAT Tl 81.2g (76.9~86.2g), IEEM &FrO72H 0T
1267.4g (63.2~71.6g) Tho7z F72, 50% BAAEIL
e ~HENTIClE 161.2g (95% fEHEK A © 155.9~166.8
g), MERATTIL146.8g (137.5~158.8g), TEHHT - #H 0 /2
AU TIZ104.7g (97.9~1114g) TH o7z,

ERIREERIC ST BACEDIEET AICF/NET IV (model
3) IZBVTHEAY A AOWHERZEITRD Sz LD
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W, HEWME#%%@#Lt (Fig.6)
WX &Nz, TbbiER ORIRERH @ m
W) ~F4 OKRBUNH @ #5), Ah—v 2 OKiREH
o) BIOHRE KR BH) - HE KR
BL . 29 3) 1290 T, FEHIEOKBOEMY % L
TICRT . A= 7 ERE - HEE, EE~FEHICKE
N, A&F (12~3H) OKEPMBEroT2, 72751, EE~
FAOSBIHME T DAY K & KRN A SN, FFIC
g CIOKIBE RO bz, T2, FiRTH 24
ATIIRE, +h—v 7, HEOIEICKL, EE~F4
DO OKEAET/NE o720 SHTIZAH LR
%, RE, HE, Th—Y70JREICKL, /2, Th
535 ClE, EB~FEA L OKEEBILATEL NN o
72 FR—Y 7 TIES AUBEOKEEAIRE L, #hE
TEDPo 72548 (BE) OKREIZIZFE CEE R L7,
8~9 F ¥ ToOKMDKIREAL (FiR) HEAIXIZIZFELET
HY, KEOBEOBEIIFEARNIIETAED 5\, 10

Table 4 Division of the coastal waters using GLMM and the AIC of each model.

AUBEOTRHTIE, AR8—Y 7 TREVWRTBALNR,

T/ARE L H S TR E{E’E?wato $7z,

WELHETREADOKRIIEID 0TI

5 h3,
Wiz,
DEDZ Ens, B 4 X TH S N7 5
KREREH) % WD S DR L OXIBfHT %35 Lk
YA XKD KEVIER~FR (bRl & BT &%
FHAT & AT T & 5 R AT &AM 2 & MENT) Tld, i
IR\ HRIRER TH o720 F72, B
d—v 7 (HERAT) EMR=E - H
e (REEERT & O 2 00)) TILIBAGRMEI AR & 7z,
12, AT A AHNLYNEVIRE - HETI’, 5%
(5~8BLXU9IH) DKIRIILFIMAKIRTH > 724K —
WA o 72,

D 2D DUEHHIKX 55
BT A X D/NE vt

4[] %l L 727Kk 0 ZS AL i;]'oioi‘,ria

GLMM structure Number
No. o AIC
(combination of waters) of waters
| (Hokuto & Okushiri & Shakotan & Yoichi & Tomamae & Rishiri . 2659.8
&Wakkanai & Oumu & Shibetsu & Shinhidaka) '
Hokuto, Okushiri, Shakotan, Yoichi, Rishiri, Tomamae
2 . . o 10 2661.7
Wakkanai, Oumu, Shibetsu, Shinhidaka
(Hokuto & Okushiri & Shakotan & Yoichi & Tomamae & Rishiri & Wakkanai) , 3 2651.0

(Oumu) , (Shibetsu & Shinhidaka)

Table 5 Parameter (80, 81) and 50% maturity size (body wall weight, SM50) in the size and maturity
relationship model (logistic regression) estimated for the 3 coastal waters using GLMM.

a: body wall weight, b: total wet weight.
a: body wall weight

Combination of waters SM.

bo A 50(e) 95% confidence interval
Hokuto - Wakkanai -13.75 2.99 97.5 94.7 - 100.5
Oumu -14.89 3.44 81.2 76.9 - 86.2
Shibetsu & Shinhidaka -11.46 2.82 67.4 63.2-71.6
b. total wet weight

SMsq

Combination of waters SM:-

fo A 50(®) 95% confidence interval
Hokuto - Wakkanai -12.20 2.24 161.2 155.9-166.8
Oumu -13.30 2.52 146.8 137.5-158.8
Shibetsu & Shinhidaka -11.01 2.33 104.7 979-1114
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Fig.6 Monthly variation in sea water temperature at 8 stations along the Hokkaido coast, expressed by Tukey’s box-and-whisker
plots. Rectangle, interquartile range; center line, median; bar, maximum minimum range, except for abnormal values; open
circles, abnormal values. Observation stations: SH, Shiriuchi; OK, Okushiri; YO, Yoichi; HA, Haboro; KU, Kutsugata;
MO, Monbetsu; RA, Rausu; ER, Erimo.
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Feeding habits of juvenile walleye pollock, Theragra chalcogramma, in waters of the western Hokkaido, Japan Sea
in August and October 2011
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Feeding habits of juvenile walleye pollock, Theragra chalcogramma occurring in waters of the western Hokkaido, Japan Sea
collected in August and October, 2011 were examined by the stomach contents analysis. The main stomach content items were
Themisto japonica, Metridia pacifica and Euphausia pacifica. The monthly analysis showed that the index of relative importance

(IRI) of T. japonica was high in August and low in October. On the contrary, IRl of M. pacifica and E. pacifica were high in

October. It is observed that IRI of the main stomach content items among the sampling stations were also different.
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Fig.1 Sampling stations for juvenile walleye pollock using
bottom trawl-net in waters of the western Hokkaido,
Japan Sea in August 2011.
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Fig.2 Sampling stations for juvenile walleye pollock using
bottom trawl-net in waters of the western Hokkaido,
Japan Sea in October 2011.
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T, FHRIAEBLOREICESBE I, 8A LD
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LEPo T,
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wEE (W), WBEE (FO%) % Table2 2R L 72,

Table 1 Stomach content analysis data of juvenile walleye pollock sampled in waters of the western Hokkaido, Japan

Sea, in August and October 2011.

. Mean fork Mean body Percentage of
Station Area Date Towing Temperaturs at  number of length(mm) weight(g) empty
depth(m)  towing depth(°C) juveniles™ 3
W/SD W/SD stomachs (%)
SKO01 EMB*? 25-Aug 173 6.5 28 88.6+6.7 43409 429
SK02 EMB 25-Aug 208 5.1 30 91.2+6.7 46+1.1 3.3
SKO06 Off Rumoi 27-Aug 270 2.4 28 102.1+6.3 6.8+13 0
SK07 Off Rumoi 27-Aug 205 6.6 27 98.0+6.1 5.3%1.1 3.7
SKo8 Off Rumoi 28-Aug 316 1.7 16 95.0+59 5.2+09 0
SK09 Off Rumoi 28-Aug 250 41 29 91.4+65 55412 3.4
AKOS Off Rumoi 21-Oct 334 1.0 4 108.8+4.1 7.0+08 0
AKO6 Off Rumoi 21-Oct 284 1.5 28 108.1%7.3 7.4%+14 0
AKO7 Off Rumoi 21-Oct 199 2.7 30 1049+119 7.24+26 0
AKO09 Off Rumoi 22-0Oct 183 5.6 30 98.8+90 5.7%+14 3.3
AK10 EMB 24-Oct 200 2.6 29 101.3+7.0 6.3%+15 13.8

*1 equal number of stomach analysed
*2 EMB :the eastem part of Musashi Bank
*3 SD: Standard Deviation

Table 2 Relative ratio (%) of the food items in the diet of juvenile walleye pollock collected in
waters of the western Hokkaido, Japan Sea, in August and October 2011.

August October
NG WH?  F®* N(%) W(%) F(%)
Aectideidae 1.8 0.6 14.6 2.3 0.4 223
Neocalanus cristatus <0.1 <0.1 0.6 <0.1 <0.1 2.5
Neocalanus plumchrus <o.1 <0.1 0.6 0 0 0
Neocalanus sp. 0.6 0.5 10.8 0.8 0.5 14.0
Pseudocalanus minutus 0.2 <0.1 1.3 0.2 <0.1 5.0
Pseudocalanus sp. 0.1 0 3.2 <0.1 0 0.8
Eucalanus bungii 0 0 0 <0.1 <0.1 0.8
Paraeuchaeta sp. <0.1 <0.1 0.6 0.3 0.4 6.6
Metridia pacifica 445 123 70.9 738 12.7 71.7
Scolecithricella minor 1.2 <0.1 3.2 <0.1 <0.1 0.8
Calanoida 0 0 0 0.2 <0.1 1.7
Inusitatomysis insolita 0.4 3.0 7.6 0.7 3.7 149
Mysidae 1.5 4.6 133 0.8 3.9 13.2
Cumacea 0.5 3.5 8.2 0.1 0.1 2.5
Tanaidacea 0 0 0 <0.1 0 0.8
Themisto_japonica 46.9 66.8 56.3 11.8 118 57.0
Physocephalata 0.1 <0.1 1.9 <0.1 <0.1 0.8
Primno macropa <0.1 <0.1 0.6 <0.1 <0.1 0.8
Gammaridea 04 2.6 7.0 0.4 0.8 7.4
Amphipoda 0.1 <0.1 1.3 0.1 0.1 3.3
Euphausia pacifica <0.1 3.8 1.3 4.1 50.0 273
Euphausiidae 1.4 2.0 184 1.7 10.5 248
CRUSTACEA 0 0 0 0.2 0.4 5.8
Sagittidae 0 0 0 2.2 4.4 223

Number of stomachs examined 158 121

Number of empty stomachs 14 5

*' N(%) : Number percentage of individuals, *> W(%) : Wet weight percentage, ** F(%): Appearance frequency
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Fig.3 Composition of stomach contents by the index of
relative importance (IRI) in juvenile walleye pollock
collected in waters of the western Hokkaido, Japan Sea,
in August and October 2011.
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Fig.4 Composition of stomach contents by the index of relative importance (IRI) of juvenile walleye pollock among

sampling stations.
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Fig.5 Composition of stomach contents by the index of
relative importance (IRI) among size-classes of juvenile
walleye pollock collected from station AKO06 in
October 2011.
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Fig.6 Composition of stomach contents by the index of
relative importance (IRI) among size-classes of juvenile
walleye pollock collected from station AKO7 in
October 2011.

AP AAEDO A 7 b ¥ F oA 17

NEWIHHFERE =R L 2o, RO T L
FE Y FIH I T B TERENERED S, kOB
Ty OWEITHLTVD EEZLTBY, K%
FEINEIRHTAERTH 72 AT NI ¥ IR,
H Ao L, mMIsE R L CGRERED 77
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THHEEENTRRENS,
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Relationships between the specific growth rate and biochemical constituents in the trunk of laboratory-reared juvenile
barfin flounder, Verasper moseri

YOSHIYUKI TAKAYA™*' AND NOBUKAZU SATO?

' Central Fisheries Research Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046—8555,
* Mariculture Fisheries Research Institute, Hokkaido Research Organization, Muroran, Hokkaido 051—0013, Japan

Relationships between the specific growth rate (SGR) and biochemical constituents in the trunk of juvenile barfin flounder
(Verasper moseri) were investigated. The juveniles were reared for 25 days under 2 dietary conditions (0.5% and 2% body weight
day ', respectively), to clarify the biochemical constituents, for use as the substitute indicators for SGR. Specifically, we analyzed
moisture, crude fat, triglyceride, phospholipid, glycogen, protein, RNA, DNA, and free amino acid levels after feeding. Crude
fat, moisture, RNA/DNA ratio, phospholipid/DNA ratio, and protein/DNA ratio exhibited positive linear regressions with SGR.

Our results show that these biochemical indicators may be potentially useful as a substitute index for SGR when evaluating the

growth rate of released barfin flounders in the field.
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I L2 385 Y C e £ D I DR R = I S L b
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DX HRRNREROEE, eI XTSI TS (%
M5, 1997 ; Watanabe ef al., 2006) & 9 (2T O R
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DR Z I L7z, BT IIAKRRE Y Th Lo
=D THBEKRIZ18C 2516 C THERR L7z 10A19HIC
R E AT o 2 RIERAL S L, 1021 B> 7y v
LCaE, RELZNE L THRHEBESE (Specific Growth
Rate, LL'F, SGR &%FEfL) 25l GHEzNdnik (B4 -
fiE, 2013) ) L, ffkx —30C CHRERA L 7
#®H, ISR, NIREREL S NIREEE &
W) ICREHICED? o TH I alE THAEZ IR L (B,
B, MiREEED, DUT, R RE), BEZRHUERRE
TR S TOKGELEIE L2k, N I THEETL <A
BTV oRL, —HEWL CHEOHERKE
Mmzcerabwy (4205 y 27 - =FF VHHHE)
THREVFA AL e 2OFREYHR— F550.5ml 2R
FEHIC, F7202ml% Y 87 B L7,
D ZBEZEFEEGREL, HEOTY / —)L - T—F) (3
1, viv) A TRERIGE DL, EF1mlZ40H L
TERFEICL > THIBLEZHE L2, $72, EEO#M
BESWLTCM) 7)) F (DTFTG LK) &) Vi
B O(LUFPLEEKR) OERICM L, BYILE TR
L— =Tl % BRE L%, 2mlD30%KOH % /lZ T
WL, 7V a—rrogsllftLz, ERFOERE
1, B (B - R, 2013) LAEEECTH D, T, B
IMOFLEETT Y OR LB O &2 5I L, 2% Ak
FFIVERZINZ Tl I VBREHH L, 73 JERE
B OHTEEE (L-8900, HITACHI) 2k > THT I/ M
R EE LIz TRLIWSTD ) BT AT F UH (Asp),
ML= (Thr), £V ¥ (Ser), V% I U (Glu), 7
V& 3IY (Gln), 7V (Gly), 77=~ (Ala), NV ~
(Val), A7 4~ (Cys), AF+=Y Met), 1 VEAL
v (Mle), ¥ ¥ (Tyr), 7==NV7 7= (Phe), bV
Th77 Y (Trp), EAF TV (His), TIVF=" (Arg),
Y v (Pro) O 17855 & FEEMET I /B (HII, 1993)
ELTC, ¥, PLA=Y (Thr), £V EA VY (lle), T
143 (Lew), FU Y (Tyr), 7=2=)V7 5= (Phe),
)T T 7 (Tip), V¥ (Lys) DTS4 bR
T BEEMCL R ) LT I e at) (HI,
1993) & LT\, ThoDEHERIELET I/ B
ThL, TNEEEMET 3 VR, 7 NEWET 2 /R
L7z,

R

FEHKFEDN S OROCE LFIC X VIELE L722% A5
XD 3RE% BT, Table 1 ICEBREI RO & RKERZBIT S
HRDOREZ R L720 0.5% GEEX TRt O E

86.3mm - IR E R 5gAH 25 H [ D # FEAL T #1213 88.5
m - 89gTah Y, FHMERIT22m, FHHEERIL0S5
g TH o720 2% FGHIX TIE, FH4E86.1m - FHAE
13 83g A ZFNZEI96.6mm - 12.7g IR L7z, FHMER
12 104mm, FHWERIT44gE %), HBEEOEIZLDY
RO D BRI ES N7z SGRIZ0.5% FEHHX T
0.18% - #&/h—0.59% ~ % K0.85%, 2% X TIiL1.71% -
1.58% ~1.84% T& » 72,

MEMEE L, 0.5% #GEX CEBRBGRFICTFE131TH 0,
FERHETIZIZ 127 TR E A EBALD R o 72D L,
2% FAHEIX TIXBAIEREIZ -4 1.29 TH o 72 DA THEIZIE
141 L7 0), FREERZ ML Tk L7 (Table 1),

SGR & JREER A3 AT DO BIAR % Fig 1 1R L7z IFisR
TWE B e LT, MR, TG, Vo=
¥, KA, FURIEBIUERET I BIZOWTIEK
L7458, SGR & AHRAAS G 72 DIXHUIBE (7=0.932),
TG (r=0.685) B L UKS (r=0.949) T -7z, WHET
I (r=0.568) 1ZINS XN RRLMEREIMEL, 7
) a—47 VI ED R o 722 K T0.04% B S h
7RI E A SN LD o720 T2, WEENTRE &
LT, RNA/DNA, PL/DNA, % /X2 '%/DNA, HEEM:
TIBRB LU MNEMET I BRI E S,
SGR & HIBAAY 2> - 72D 1E, RNA/DNA (7=0.983), PL
/DNA (r=0.905), % »/327E/DNA (r=0.600) T»H 1),
rREMT I R (7=0.565) 1325 XD b RRME
MEL, MR LD DX b REh o7, T/, HEE
PET 3 BEERIE SGR & DA DTS Do 72,

£ =

0.5% FFEEX TIE~ Y A THEADOMEIIITI L A LKL,
EBFIGRFOREE MR L7 —J7, 2% MK TIIeR,
RE, REGEE & b BB L ) AL, MEREERN

Table 1 Growth performance of Verasper moseri juveniles
reared for 25 days under 2 dietary conditions (0.5%
and 2% body weight day™', respectively).

Parameters DEtary grovp

0.5%BW/day 2.0%BW/day
Initial total length(mm) 86.3£2.9 86.1+4.1
Final total length(mm) 88.5+3.5 96.6+4.8
Length gein(mm) 2.2+1.5 10.4+1.8
Initial body weight(g) 8.5£1.0 8.3+1.1
Final body weight(g) 8.9+1.6 12.7£1.9
Weight gain(g) 0.5+1.1 4.4+0.8
Initial condtion factor 1.31+0.04 1.29+0.08
Final condition factor 1.27+0.11 1.41£0.05
Specific Growth Rate(%) 0.18+0.44 1.71£0.11

Values indicate meantstandard deviation(»=10 or 7).
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Fig.1 Relationship between the specific growth rate (SGR) and some biochemical constituents in the trunk of Verasper moseri

juveniles reared for 25 days under 2 dietary conditions.
*FAA = total free amino acid

**Rate of GAA = glucogenic amino acidx100 / FAA
*#* Rate of KAA = ketogenic amino acidx100/ FAA
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Table 2 Relationship between the specific growth
rate (SGR) and the listed parameters of

Verasper moseri juveniles after the 25th
day of the feeding experiment.

Parameters r P

Crude fat 0.932 <0.001
Moisure 0.949 <0.001
RNA/DNA 0.983 <0.001
Phospholipid/ DNA 0.905 <0.001
Protein/DNA 0.600 0.011
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Effects of cottonseed oil in diets on growth, feed efficiency and health
parameters of chum salmon Oncorhynchus keta fry

NAOYUKI MISAKA*, SHINYA MIZUNO, DAISEl ANDO, TATSuYyA KOYAMA, TeETsuo TERANISHI and
NoBuHISA KOIDE

Salmon and Freshwater Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido 061-1433,
Japan

Abstract: We evaluated the effects of replacing fish oil in diets with cottonseed oil on chum salmon Oncorhynchus keta fry.
Chum salmon fry were fed commercial diets supplemented with 0.5% or 2.0% fish oil (0.5FO, 2.0FO) or cottonseed oil (0.5
CO, 2.0CO) for two to three months in aquariums in 2005 and 2006 to compare parameters between 0.5FO and 0.5CO, 2.0FO
and 2.0CO diet groups, respectively. In 2005, fish fed 0.5CO diet for three months, 2.0CO diet for two and three months showed
significantly better growths. Feed efficiencies of fish fed 0.5CO and 2.0CO diets were almost better both in 2005 and 2006.
The ATP contents of fish fed 0.5CO and 2.0CO diets for two months were significantly increased both in 2005 and 2006. Burst
swimming velocities of fish fed 0.5CO and 2.0CO diets for two months were significantly faster in 2006. Tolerances to fasting

were significantly higher in fish fed 2.0CO in 2005, 0.5CO and 2.0CO in 2006. These results suggest that supplementing the

diet with cottonseed oil is effective for improving the growth, feed efficiency and health parameters of chum salmon fry.

Keywords: Chum salmon, Cottonseed oil, Growth, Health parameter

Chum salmon Oncorhynchus keta is the second most
abundant salmon in the North Pacific Ocean and one of the
most important species for coastal fisheries in northern Japan.
Approximately 1 billion fry have been released since the
early 1980s and over 30 million adult fish have returned to
the coastal areas of Hokkaido, northern Japan, every year
since the mid 1980s (Watanabe, 1999). Unfortunately, the
price of adult fish has declined and the total amount of
returned adult fish has not increased in Hokkaido recently
(Shimizu, 2002). So the cost of rearing chum salmon fry must
be reduced. Also, rearing methods to create healthy fry must
be developed in order to attain higher return rates to coastal
areas as adult fish.

Chum salmon fry are fed artificial diets for a couple of
months after emergence in hatcheries of Hokkaido and the
cost of the diet for fry is one of the main expenses in the
rearing of chum salmon fry. With the decline in the catches
of pelagic fish such as pilchard, demands for fish meal as the
ingredient of diets in aquaculture have risen recently in Japan
(Tacon, 1996). Fish oil is often supplemented to the diet,

however, the supply of fish oil is expected to remain static or

dwindle in spite of increasing demand in the future (Higgs
and Dong, 2000). So the costs of diets for chum salmon fry
are increasing.

Lipids play important roles in the nutrition of fish
(Watanabe, 1982) and specifically fatty acids are the favored
source of metabolic energy in fish (Sargent et al, 2002).
Supplementation of oil to the diets has protein, the main
component of fish meal, sparing effect (Lee and Putnum,
1973). One report suggests that supplementation of fish oil to
diets is effective for growth in salmonids (Watanabe and
Takeuchi, 1976). The replacement of fish oil with vegetable
oils in diets has been investigated because vegetable oils are
often cheaper than fish oil (Naylor et al., 2000). Many reports
suggest that vegetable oils have equal effects compared to
fish oil on growth in salmonids (Bell et al., 2001, 2002, 2003).
Moreover, supplementation of vegetable oils to diets
improves the health of fish as shown by their swimming
performance (McKenzie et al., 1998) and resistance to fish
pathogens (Bransden et al., 2003).

In the present study, we investigated the effects of

replacing fish oil (FO) in diets with cottonseed oil (CO) from

Accepted: 24 December 2013. Contribution A 503 from the Hokkaido Fisheries Research Institutes.

*Tel: 0123—32-2135. Fax: 0123—-34-7233.
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the viewpoint of improving the growth, feed efficiency and

health parameters of chum salmon fry.

Materials and Methods

Fish

Experiments were conducted in 2005 and 2006. In 2005,
chum salmon eggs were artificially fertilized on September
27 in the previous year and fry were fed from January 12. In
2006, eggs were artificially fertilized on October 10 in the
previous year and fry were fed from January 10. They were
reared in a 60/ volume acrylic tank using running well water
until April 1, 2005 and March 10, 2006, respectively. The
water temperature ranged from 7.36 to 8.35°C during the

experiment.

Design of the experiments

A total of 800 chum salmon fry were divided into 4
experimental groups in each year. Each batch of 200 fish was
fed commercial diet supplemented with 0.5% (w/w) or 2.0%
fish oil (0.5 FO and 2.0FO), 0.5% or 2.0% cottonseed oil (0.5
CO and 2.0CO). Commercial diet and FO were provided by
Marubeni Nissin Feed (Tokyo, Japan) and Nihon Chemical
Feed (Hakodate, Japan), respectively. CO was purchased from
Kanto Chemical (Tokyo, Japan). The fatty acid component of
FO, CO and lipid in the commercial diet, and the chemical
composition of the commercial diet were analyzed by Japan
Frozen Foods Inspection Corporation (Tokyo, Japan). Fish
were fed every day and the total amount of diet supplied to
each group from January 12 to March 10, and from March 11
to April 1 were each 200 g for each group, respectively in
2005. Those from January 10 to February 10, and from
February 11 to March 10 were 85 g and 160 g, respectively
in 2006. In each group, the number of dead fish was counted

and the amount was weighed every day.

Sampling procedure

Fish were sampled on March 10 and April 1 in 2005, and
on February 10 and March 10 in 2006. Thirty-six fish were
caught randomly from each experimental group and
anesthetized in 2-phenoxyethanol solution on each sampling
day. The body weight (BW, g) of the captured fish were
measured. Five fish from the group were stored at —80°C
immediately after measuring for analysis of adenosine

triphosphate (ATP) content as described below.

ATP content analysis

The ATP content of fish was measured using the
bioluminescent reaction of luciferin to the existence of
luciferase and ATP, according to the method described by
Maeda (2004). One part of the body sample homogenized
using luminometer buffer (in mmol// MgCl, 10, HEPES 25,
to pH 7.75 with NaOH) was mixed with one part of luciferase
-luciferin (18.5mg/ml in distilled water; Wako Pure Chemical.
Tokyo, Japan), and the luciferin radiation was measured for
5 min using a luminescence reader (BLR-201, Aloka, Tokyo,
Japan). The ATP standard (Kanto Chemical, Tokyo, Japan)
ranged from 0.1 fmol// to 10nmol//. The ATP content was
shown as ATP (pmol) per g BW.

Burst swimming velocity

Fifteen fish were caught randomly from each experimental
group on April 1, 2005 and on March 10, 2006. Burst
swimming velocity (BV) of fish was measured using the
water tunnel apparatus for chum salmon, which was first
described by Kobayashi and Ohkuma (1983) and modified by
Ohkuma et al. (1998). The horizontally-placed swimming
chamber received a fixed inflow of water from a header tank
from which water overflowed. The water current velocity in
the chamber could be easily changed by adjusting the height
of the drain pipe. The internal diameter and length of the
swimming chamber were 20 mm and 30 cm, respectively.
Using polynomial regression analysis, the water current
velocity in the chamber was proportional to the height
difference between the chamber and the drain pipe, as
follows:

Water current velocity (cm/s) =
7.32 x height difference (cm)®*®

After the fish were housed in the swimming chamber, the
water current velocity was immediately changed. The BV was
defined as the water current velocity in the swimming
chamber into which the fish were swept, and was expressed

in centimetres per second.

Tolerance to fasting

Thirty fish were caught randomly from each experimental
group on April 1, 2005 and March 10, 2006. They were
fasted in the same aquariums used in the experiment with
running well water. The number of dead fish was counted
every day, and changes in survival rate during the fasting
experiment were examined. This experiment was continued

until all the fish had died.



Feed efficiency

The feed efficiency (FE) of each group from January 12 to
March 10, from March 11 to April 1 in 2005 and from
January 10 to February 10, from February 11 to March 10 in
2006 was calculated using the following equation:

FE(%) = BWi (g) / SD (g) x 100

In this equation, BWi and SD mean total increased BW and
total amount of supplied diets in each period, respectively.
Total increased BW was calculated using the following
equation:

BWi (g) = (BWu — BWx) x Ns + (BWa — BWi) x Nd

In this equation, BWu and BWy mean average BW at the
end and at the beginning of each sampling period,
respectively. Ns means the number of surviving fish at the
end of each sampling period. BW4 and Nd mean average BW
and the number of deceased fish during each sampling period,

respectively.

Statistical analysis

The student #-test was used for comparison of BW, ATP
content and BV between fish fed 0.5FO and 0.5CO, and
between fish fed 2.0FO and 2.0CO diets, respectively in each
year. The Kaplan-Meier method followed by the Logrank test
was used to determine the difference in the survival rate in
the tolerance test to fasting. Results were considered as

significant if P < 0.05.

Results

Chemical composition of commercial diet and fatty
acid compositions of oils and lipid in commercial
diet

The chemical composition of the commercial diet is shown
in Table 1. Fatty acid compositions of FO and CO and lipid
in the commercial diet are shown in Table 2. Fatty acid

compositions of FO and lipid in the commercial diet were

Table 1 Chemical composition of commercial diet fed to
chum salmon fry

Weight (%)
Protein 48.1
Lipid 7.7
Carbohydrate 21.0
Ash 13.4
Moisture 9.8

Composition
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similar; palmitic acid, oleic acid eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) were the main components.
Linoleic acid was also one of the main components of lipid
fatty acid in the commercial diet. In FO, eicosenic acid and
docosenoic acid were also the main components of fatty acid.

About half the amount of fatty acid in CO was linoleic acid.

Growth of experimental fish

The average BWs of fish in each group on the sampling
days in 2005 and 2006 are shown in Table 3. Initial BWs
(average + S.D.) were 0.281 + 0.04 g on January 12 in 2005
and 0.31440.05 g on January 10 in 2006. In 2005, the average
body weight of fish fed 2.0CO diet on March 10 was
significantly larger than that of fish fed 2.0FO diet (P=
0.002). On April 1, the average BWs of fish fed 0.5CO and
2.0CO diets were also significantly larger than those of fish
fed 0.5FO and 2.0FO diets, respectively (P < 0.001). In 2006,
no significant differences in the average BWs of fish between
these groups were observed both on February 10 and March
10.

Feed efficiency

FEs of each group in 2005 and 2006 are shown in Table
4. There were no leftover diets after feeding in all groups. The
FEs of all fish fed CO diets were better than those of fish fed
FO diets in 2005. In 2006, FEs of fish fed CO diets were
better than those of fish fed FO diets except the fish fed 0.5
CO diet from January 10 to February 10.

ATP content

The ATP content of fish in each group on the sampling
days in 2005 and 2006 is shown in Fig. 1. The ATP content
of fish fed 0.5CO and 2.0CO diets on March 10 was more
significantly increased than those of fish fed 0.5FO and 2.0
FO diets, respectively both in 2005 and 2006.

Burst swimming velocity

The results of BV of fish in each group conducted in 2005
and 2006 are shown in Fig. 2. In 2005, no differences were
observed in the values of BV between the fish fed FO and
CO diets. In 2006, the values of BV of fish fed 0.5CO and
2.0CO diets were significantly higher than those of each fish
fed 0.5FO and 2.0FO diets, respectively.

Tolerance to fasting

The changes of survival rate in the tolerance test to fasting
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Table 2 Fatty acid composition (%) of fish oil, cottonseed oil, and lipid in commercial diet

Fish oil Cottonseed oil Lipid in commercial diet
Lauric acid (12:0) N.D. N.D. 0.1
Mpyristic acid (14:0) 39 0.7 59
Myristoleic acid (14:1 n-5) 0.1 N.D. 0.4
Pentadecanoic acid(15:0) 0.3 N.D. 0.5
Palmitic acid (16:0) 10.0 19.7 19.0
Palmitoleic acid (16:1 n-7) 6.8 0.7 7.3
Hexadecadienoic acid (16:2 n-4) 0.5 N.D. 0.7
Hexadecatrienoic acid(16:3 n-3) 0.4 N.D. N.D.
Hexadecatetraenoic acid (16:4 n-1) 0.9 N.D. N.D.
Heptadecanoic acid (17:0) 0.2 0.1 0.4
Heptadecenoic acid (17:1 n-8) N.D. 0.3 0.3
Stearic acid (18:0) 1.9 2.8 5.1
Oleic acid (18:1 n-9) 16.0 23.1 129
Linoleic acid (18:2 n-6) 1.0 511 113
Linolenic acid (18:3 n-3) 0.7 04 1.9
Octadecatetraenoic acid (18:4 n-3) 22 N.D. N.D.
Arachidic acid (20:0) 0.1 0.5 0.3
Eicosenoic acid (20:1 n-9) 12.7 0.2 1.6
Eicosadienoic acid (20:2 n-6) 0.2 N.D. 0.3
Eicosatrienoic acid (20:3 n-6) N.D. N.D. 0.3
Eicosatetraenoic acid (20:4 n-3) 0.8 N.D. N.D.
Arachidonic acid (20:4 n-6) 0.6 N.D. 1.3
Eicosapentaenoic acid (20:5 n-3) 112 N.D. 112
Heneicosapentaenoic acid (21:5 n-3) 0.6 N.D. 0.5
Behenic acid (22:0) 0.1 0.2 N.D.
Dococenoic acid (22:1 n-9) 18.3 N.D. 1.4
Docosatetraenoic acid (22:4 n-6) 0.1 N.D. N.D.
Docosapentaenoic acid (22:5 n-3) 1.4 N.D. 1.6
Docosapentaenoic acid (22:5 n-6) 0.1 N.D. N.D.
Docosahexaenoic acid (22:6 n-3) 7.9 N.D. 11.9
Lignoceric acid (24:0) N.D. 0.1 N.D.
Tetracocenoic acid (24:1 n-9) 0.9 N.D. N.D.
Others 0.1 0.1 3.8
(1): Not detected
Table 3 Effect of diets containing 0.5 or 2.0% (w/w) Table 4 Effect of diets containing 0.5 or 2.0% (w/w)
supplementary dietary lipid as fish oil (FO) supplementary dietary lipid as fish oil (FO) and
and cottonseed oil (CO) on growth of chum cottonseed oil (CO) on feed efficiency (%) of chum
salmon fry in 2005 and 2006 salmon fry in 2005 and 2006
A. 2005 A. 2005
Mar. 10 Apr. 1 Jan. 12 - Mar. 10 Mar. 11 - Apr. 1
0.5F0 1.378+0.39 2.052:0.61" 0.5FO 43 42.1
b 0.5CO 101.4 68.1
0.5CO 1.477+0.36 2.594+0.61
2.0FO 86.8 45.6
2.0FO 13154032" 2.062:0.58" 20C0 1078 22
2.0CO 1.548i0.30b 2‘5074:()‘41b B. 2006
Jan. 10 - Feb. 10 Feb. 11 - Mar. 10
B. 2006 0.5FO 95.5 102.4
Feb. 10 Mar. 10 0.5CO 83.0 108.9
0.5FO 0.728+0.17 1.765+0.43 2.0FO 79.7 100.6
2.0CO 89.7 106.8
0.5CO 0.672+0.21 1.768+0.34
2.0FO 0.667+0.16 1.712+0.37
2.0CO 0.701+0.16 1.769+0.40

Body weight expressed as means + S.D.
Means without a common letter differ between 0.5FO and 0.5CO or 2.0FO
and 2.0CO (¢-test, p <0.05)
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conducted in 2005 and 2006 are shown in Fig. 3. In 2005, the
survival rate of fish fed 2.0CO diet was significantly higher
than that of fish fed 2.0FO diet. In 2006, survival rates of fish
fed 0.5CO and 2.0CO diets were significantly higher than
those of fish fed 0.5FO and 2.0FO diets, respectively.

Discussion

The weight of fish fed 2.0CO diet on March 10 and 0.5CO,
2.0CO diets on April 1 in 2005 was significantly better than
that of fish fed FO diets on each day. The replacement of fish
oil with vegetable oil in the diet is reported to show an equal
effect on the growth in salmonids (Bransden et al., 2003;
Menoyo et al., 2005). But CO has a better effect on the
growth of chum salmon fry than FO in the present study. Fish
do not synthesize n-3 and n-6 polyunsaturated fatty acid
(PUFA), so they must be provided with it in the diet for
normal growth (Nicolaides and Woodall, 1962; Castell et al.,
1972; Watanabe et al., 1974). In salmonid fish such as
rainbow trout O. mykiss, n-3 PUFA like linolenic acid, EPA
and DHA are more effective in their growth than n-6 PUFA
like linoleic acid (Watanabe, 1982). However, Takeuchi et al.
(1979) suggested chum salmon fry fed the diet supplemented
with each of 1% linoleic acid and linolenic acid showed
somewhat better growth than those of fish fed the diet
supplemented with n-3 PUFA. Although the commercial diet
and FO used in this study contain a great amount of n-3
PUFA as EPA and DHA, they contain less n-6 PUFA.
Linoleic acid that is highly prevalent in CO might be
effective for the growth of chum salmon fry. In contrast, no
differences of growth between the CO and FO diet group
were observed in 2006. Takeuchi et al. (1979) reared chum
salmon fry at a water temperature of 15 to 18°C for 7 weeks.
In our experiment, the water temperature was relatively low
and the rearing period in 2006 was 2 months, shorter than that
in 2005. Perhaps the rearing period in 2006 was insufficient
in such water temperature to clarify the effect of fatty acid on
the growth of chum salmon fry.

Feed efficiencies of the fish fed CO diets were better than
those of fish fed FO diets except in fish fed 0.5CO diet from
January 10 to February 10 in 2006. In the supplementation
experiment of vegetable oil to diet, the appropriate feeding
period of diet or supplemented ratio of oil to diet to gain good
feed efficiency have not been thoroughly examined to date;
however, replacement of FO with canola oil that contains a
lot of linoleic acid had a better effect in feed efficiency in

rainbow trout for 140 days feeding (Drew et al., 2007).

Feeding of 0.5CO diet for one month might be insufficient
from the viewpoint of the feeding period of diet or
supplemented ratio of this oil to diet for better feed efficiency
in chum salmon fry.

Health parameters such as ATP content, burst swimming
velocity and tolerance to fasting of fish fed CO diets showed
greater improvement than those of fish fed FO diets. In
particular, feeding of 0.5CO and 2.0CO diets for two months
is most effective because the ATP content, burst swimming
velocity and tolerance to fasting in these groups were all
improved in this study. Mizuno et al. (2007) suggested a
positive correlation between the ATP content and burst
swimming velocity in masu salmon O. masou. The results
observed in this study correlate with that result. ATP
produces the metabolic energy as its hydrolysis, and is used
for various life activities such as swimming. Swimming
performance is an integrated assessment of several
physiological processes (Plaut, 2001). Larval striped bass
Morone saxatilis had slower swimming speed were less
responsive to simulated predator attacks than larva had faster
swimming speed (Chick et al., 2000). As the chum salmon fry
has high ATP content and burst swimming velocity a high
survival rate after release is expected. The reason for the
effectiveness in the improvement of ATP content and burst
swimming velocity of fish fed CO is unclear in this study;
however, McKenzie et al. (1998) reported that swimming
performance increased significantly with higher levels of
oleic, linoleic and linolenic acid in diets. They suggested this
fact indicates that these mid chain fatty acids are efficiently
oxidized and preferred substrates of exercise performance.
Perhaps oleic and linoleic acid, which are contained in high
amounts in CO, affect the increase of ATP content and burst
swimming velocity. Improvement of tolerance to fasting is
important for fish because starvation would directly relate to
survival in jack mackerel Trachurus symmetricus Ayres
(Theilacker, 1986) and indirectly in Atlantic herring Clupea
harengus (Gamble and Hay, 1989). Therefore, feeding of 0.5
CO and 2.0CO diets for two months would be effective for
improving the survival rate of chum salmon fry after release.
The amount of triglyceride, the main component of neutral
fat, in fish affects survival during fasting in masu salmon
(Misaka et al., 2004); however, their amounts did not differ
among the fish fed FO and CO diets during fasting in this
study (data not shown). Therefore the reason for the effects
of CO in the improvement of the tolerance to fasting must be

investigated.



Cottonseed contains gossypol causing high mortality in sea
lamprey Petromyzon marinus by intraperitoneal injection
(Rinchard et al., 2000). The amount of gossypol is not
analyzed in this study, however, the CO used in this study
was purified as a chemical reagent to remove impurities
including gossypol. The influence of gossypol is therefore
considered negligible in this study.

In conclusion, CO supplementation to diet showed more
positive effects on growth, feed efficiency and some health
parameters in chum salmon fry than FO in this study.
Improvement of health parameters such as the ATP content,
burst swimming velocity and tolerance to fasting by
supplementation of CO suggests that it would be effective for
producing healthier chum salmon fry with an expected high
survival rate after release. Moreover, vegetable oils are
cheaper than fish oil as described above, so replacement of
FO with CO might be effective for reducing the cost in
rearing chum salmon fry. Therefore, supplementation of 0.5
or 2.0% of CO to the diet for two months is most effective
from the viewpoint of cheaper production of healthy chum
salmon fry. In future, further investigations are required to
clarify the most appropriate feeding period of CO
supplemented diet or supplemented ratio of CO to diet in

chum salmon fry.
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Age-9 chum salmon caught in eastern Hokkaido (Short Paper)
YASUYUKI MIYAKOSHI

Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido 061—1433,
Japan

Chum salmon Oncorhynchus keta usually mature at two to six years of age (i.e., age 0.1-0.5 in the European system), and
recently the existence of age-7 and age-8 chum salmon has been reported. For management of fisheries and enhancement of this
species, the Salmon and Freshwater Fisheries Research Institute examines the age of chum salmon returned to rivers and coastal
areas of Hokkaido. An age-9 chum salmon was found in fish caught in the set-net fishery in the Utoro area, eastern Hokkaido,
on 12 September 2012. The fish was male, and scales were only sampled but the body size was not measured. From the scale
length, fork length of the fish was estimated at 67.5 cm (95% confidence interval: 66.8—68.2 cm). This is the first record of age-

9 (age 0.8) chum salmon in Japan.
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Table 1 Number of chum salmon examined for age in the Utoro area, eastern Hokkaido, 2012

Date Age-3  Age-4 Age-5 Age-6 Age-7 Age-8 Age9 Total
12 September 0 42 50 2 0 0 1 95
21 September 0 41 56 1 0 0 0 98
2 October 2 54 41 3 0 0 0 100
19 October 13 63 20 1 0 0 0 97
27 October 19 56 23 2 0 0 0 100
6 November 13 57 28 0 0 0 0 98
17 November 17 61 20 2 0 0 0 100
Total 64 374 238 11 0 0 1 688
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Fig.1 The scale of age-9 chum salmon captured by a set-net in the Utoro area, eastern Okhotsk, on 12 September 2012 (left:
whole image , right: enlarged image). Arrows indicate the annuli formed on the scale.
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Estimation of number of downstream migrating chum salmon fry in the Nishibetsu River in 2006 (Short Paper)
KiyosHl KASUGATI*', KaTsuMI TAKEUCHT, YASUYUKI MIYAKOSHI° AND MITSUHIRO NAGATA’

'Doto Research Branch, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,
Nakashibetsu, Hokkaido, 086— 1164

* Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido, 061—
1433, Japan

Marked chum salmon Oncorhynchus keta fry (n = 104,200) with a clipped right pelvic fin were released in the upper reaches
on 28 April, and were recaptured with a rotary screw trap in the lower reaches of the Nishibetsu River, eastern Hokkaido,
northern Japan in 2006. A total of 23 marked fish were recaptured between 5 and 26 days after release. To assess the trap
efficiency, chum salmon fry clipped upper the lobe of the caudal fin (n = 5,970) were released at the 2 km upper the trap, and

seven fish were recaptured; trap efficiency was estimated at 0.13%. Right pelvic fin clipped chum salmon fry that passed the trap

site were estimated at 17,167; the rate of recaptured fish against released fish was estimated at 16.5%.
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Fig.1 Map of the study area showing the locations of (1)
release site (solid triangle) and sampling site (open
circle) in the Nishibetsu River; and (2) data logger for
sea surface temperature (Betsukai ST: gray rhombus).
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Fig.2 A: Changes in water temperature in the upper and
lower reaches of the Nishibetsu River and sea surface
temperature at Betsukai ST in 2006; B: number of
chum salmon fry released into the Nishibetsu River in
2006; C: number of chum salmon fry recaptured using
a rotary screw trap in 2006; D: number of marked chum
salmon fry recaptured using the rotary screw trap.

B L 720 3 D FFEKIEAT8C % 2 7= R
274 L7z (Fig. 2A, C)o
T A OFEEIRR

BLIERI S A8 2 & Bt & 7z A R B ARk £,
B D 5~26 AR ICHER S L (KA IE8~18 %), H
HWanrRBiEiz2s3RBTho7 (Fig. 2D), ST TD
SEHEER L, 116 + 440 TH o720 H I 7223
B0 LHlE L7221 ROFHET 4 Xix, K& 5.15cm,
AE1.04g, W74 TH o7,

FT oy TORENREHT T B 720 LR E
WAL, WRRH T TICTRIE SN, RE
BEIL0.13% (95% [EHEX I © 0.07~0.25) & S iz,

RO NIIRESER Y H T, BENIISEE
5t S N7 A IRV SRR A O T OB R
HELAE A, RAHEEHETIZ17,1672 (95% FHEKX
M :4,155~30,1798), 7— MA N T v FHEEHETIZ17,245
R (7,349~37,319)8) THh o7z, MitREIKT 2 e
WREBROES (BFERER) &, 165% (RAHEEM : 4.0~
29.0% ; 7— MAMT v THEEME 1 7.1~358%) &oTl,

TR h DOFEERNER F 0.13% T—E L IRE L7254,
S B 2 858 2 #5013 27,020,000 (14,050,000~
50,190,000 %) & e S 7z, B AR oAk E L

BRI BT 24 F i oORET & fHl 39

66.5% (34.6~123.5%) &7, EHMA LD EHVEELR
L7z,

z =B

A S W S AR L R A O TR T O AR
RIZIIKRERBOND o 70, AL EREINLS
AEPIE b T v A& 20 7 HEBOBREREAT1 H 1,000
RULETHo7z7z0, EikfelEke L, TRz #
ANERAN L 7oAt 5, ARRREE MK T LTRSS D % o

b7 v TORERZF TN O ERLTHEIC & > TES)
TEHIEDMENTYS (EHS, 2001 ; Volkhardt et al.,
2007) o AWIFE CRIIERNFEDHEE A1 T/ 072D T,
ISR 217 o 725 A HALUAVCUERERRSE R ),
EE @B RIS BERER & 3R % o T TREN:
bd b, TECTEDEREH L U THEE ORER
FREERIT, T—FEERL, FRICESWTERRE
BEAHE T HLEND L,

—h, BRENFRDINEBRBOEREL T ST
HbHEZ SN L, THHNNIBWTIE, HRE AR
FITERGTICHEEZEL, 4 LRI TIZ20HLLE, 4
A2l R, SA EATIZ10 HDATLERD At
B o TS F THET 5 (Kasugai ef al., 2013)
F 72, [ UAETIEECEIC R L2 A o EHE ()
MRS T 2 BHMEROEE) BV OTEE £
DV (Kasugai et al., 2013) o TE30JI1TIE 1960 £ 12 B
WA TRl S 2 7 HER DA R IZHG - Tw
LUREMATRIE SN T 5B (MRS, 1965), TERIIITNICHE
W N Ty TR S e A O SRERIREE I3 <
OkEr, RFE£T—%), BRIEMIINICHEET S22 LT
REREPELL, BEISKE L Lo 2WEEEIS 5,
O DE MR IRT 720121, 4%, WIINICBL
2RO ERT T R EMT LLEND b,

E

EEERB IR ) 2= F Ty TOREILE, ik
HEEAN REER ST - EIREFER A S LKL
NETEVTz, JIEAERRIMS KEBZK, NEE
BICIITFEL (Lo THW 2, REBUEIICSITES -
KT 7K P BB B S S 3 LS L C D AR R B K
IR ERN R E I W 72 r HER ORI % T(Eo
THW/, IR LTEHLE T,

51 FCER
Kasugai K, Torao M, Nagata M, Irvine JM. The relationship
between migration speed and release date for chum

salmon Oncorhynchus keta fry exiting a 110-km northern



40 FHIH B, MABE, EEEEZ, KEDEE

Japanese river. Fish. Sci. 2013; 79: 569-577.

BT IE, RE g, FTERE—. TERINC B A% -
S ADOERERA 1. YRR ORERENE IR
IZoWT. duifEE S - 9 5UEEHGE 1965
19 : 1-10.

I, R g WERINCBUT AV - Y ADARE
gt M. 77 b AMEORBSE), W, k.
JeifpE <0 - 3 SLETZEERE 1966 5 20 & 1-10.

EE Ly, EEEE, B E, BEE—, KHGHEL
O—%)—KA7)2a—1+TF7 v FIZLAHAEBLY
B 7 7~ AXEN D OFIHROILE. JRERHE
2001 ; 49 : 445-450.

Murphy ML, Thedinga JF, Pella JJ. Bootstrap confidence
intervals for trap efficiency estimates of migrating fish.
Unpublished manuscript, Auke Bay Laboratory, 11305
Glacier Hwy, Juneau, Alaska, 99801—8626. 1994.

Volkhardt GC, Johnson SL, Miller BA, Nickelson TE, Seiler
DE. Rotary screw trap and inclined plane screen traps.
In: Johnson DH, Shrier BM, O’Neal JS, Knutzen JA,
Augerot X, O’Neil TA, Pearsons TN (eds). Salmonid
field protocols handbook: techniques for assessing status
and trends in salmon and trout populations American

Fisheries Society, Bethesda, MD, USA. 2007; 235-266.



Jek#HBH 85, 41—46 (2014)
Sci.Rep.Hokkaido Fish.Res.Inst.

WENZR/E—FOwy 7INNCETS

Y777 AEBRKOAH (FER)

THEME", JIFES]

IEBELEEMEEES T T3 - AKEKERRS

REREAED

Distribution of masu salmon redd in the Doudoromappu River, a tributary of the Abashiri River, before and after

the construction of fish ways (Short Paper)

KazuTtAkKA SHIMODA* AND HiLosHI KAWAMULA

Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido 061—1433,

Japan

We investigated the distribution and number of spawning redds of masu salmon Oncorhynchus masou in the Doudoromappu

River, a tributary of the Abashiri River in Hokkaido seven years before and after the construction of fish ways. Although the

distribution of spawning redds had expanded into the upper reaches of the river, the total number of spawning redds had not

increased in one to three years after the construction of fish ways. Four to five years after construction, the total number of

spawning redds had increased by 2.6 times as many as that of their parents generations. According to previous reports, the

population densities of juvenile fish were high in the year after construction of the fish ways, and the mortalities of eggs were

high in the upper reaches of the river. We supposed that expansion of the habitat and spawning area by construction of the fish

ways might lead to high mortalities of eggs and juveniles, and increase the number of seaward migration fish and ascending

adults.
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Fig.2 Distribution of the spawning redds of masu salmon in the Doudoromappu River.
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Fig.3 Total number of the masu salmon spawning redds in
the Doudoromappu River and total coastal catch from
May to July in the area of Hokkaido Government
Okhotsk General Subprefectural Bureau.

AR B 725 20094 D 1,615 TH > 72013 L, SR
REIZ 1455 TH o7z, RAERMBICAS L 20124 135FIC
X [ 4 DFEIIREAMOE L LT %o 72 (Fig. 2)o
2012 fEDREINRAEDOBICHIZRE L2 AL 25,
BT SEREE & FIRR @K Ll BT RE R REE T H - 7278,
PRE T i ORGP TIE# 20m 12D 72 o TR AR
L, BEOKIE % B S eI 2 B § 5 2 L AR R L
o Tz,

=B

Kﬁ*%%%ttém frOBE ”ié%%ﬁ@#%
2o T = Faxy 7&K T400ROEIIHT]HE
HETL, Zor&ERIEOHEL LTE %Lt(T

H - JIAS, 2008) AREGOMRIZE DL, MEHE,S
A4ELL FARRE L 7220104 & 2011 SR ICHARE A B 2 25D
FEINRDERR S 7o EINREL L R OFZ L2 5t
L72& 25, 200645225 2009 F 121 T IR E 014
WIEHEEOBME B < —3 L TWzDs, 20094252010
FATHT TOREINRB OB INE &R OB g A &
AR 2EDMOZ IR L7z 72, 20104F L 2011 4EDif
BEIZNZNOBHCD11~1415TH o 7-DIX L,
FEIURBUT AL L R TWF N B 26 TH o7 T
5D Z I3, 20104F & 201 14EI2B1T 5 BEINRE O HINDS,
F=Foxy FNFEEOBHLTH o2 L 2REL T
5o F—=Fuo~xvy FNTIRAEDOHKEDIHIERED
AR R AR OB &\ - 72 B PRI é#é;v&;k
FATh Tz, EIIRBOBEINCAEOEDS
MRL TS EHfEEsN D,

HEERO L OR; ECEFRSEI L 722002 2n T, Fl
RHENE L 72500 A B EER AT 1T B\ T 20104 & 2011
EK@%Lt%ﬁwﬁﬁuﬁﬁwﬁﬁfﬂméﬁﬁﬁﬁ

ool s (FH - I, 2012), EIE2 5 LhHEM
T TOMDATREDE Do 72 2 & TR HLR Bl w8

BHDSML, FEIRBOMIMICES >z NS5,
A FE coEBRKRR M ELZRERE L TIE, F—Fo
< v T EFRIBIE S Wz EESIR TR $ TO /M
DIND AT DS EMEA D 5 720 (FH - 1K, 2008),
FBERREIC L) BINRAS LR~ SR L7722 &L T A&
HFHEPEHEY, HAORERBOEMLIZZENEZS
Nb, F72, HIIKRE LR HI3KRE LD Ltz 2 5
TAMADERBBENENZ E0S, EEE LTHHE
LTWa EHEZEINTBY) (FH - I, 2012), fuEqk

WY INsoAEBGERIHATEL L) ICholcl
AERZEN EO—RH2d LN\, 2oy, Myl
AR L) PEINIEAL R L 72 2 & TREIN R ShAE f o
B %O C A ERE S AR S N, IIR R OE



BENET o2 EZ ONL,

—7J, 20124EDFEINREIL20104E R 2011 4F & b b 7
{, BEDL0RIZEL Lo F— Ko<y FNo
7 IRADEEREIFELRET SH &, 20124 EINHEI
2009 {EEEINIE D T-HALIZ 472 D, 2006 4F-EEINHE DO FR AL,
WAL T 5, L7225 C, BEIUREUIIALIE T 2006 0
27T RH 5 2009 4ED 192K, 20124ED 270 R~ L HER L 72
Z LT B, 200647 5 2009 45 12 A CREINR BN IR
L7z & LT, BUEFEM L7z LMo 4 B3 ERATIC
BWT20064EBD 0SS (200746 H) TOERFFED
DM & LR L THE K> 2 &0 5, DS
S FE COMICRIBR AR E- LIS, Zh
12132006 £ D 10 A 7 H ~9 HIZ 21 TR - 72 #8 / # 200
mIE VRIS & B KIS & o TR ASEEL X, JEASR
FELZ-WREEDSE 2 ST E (TH - I, 2012), ¥
7 I RATIIV o L AR LIZBEEPEET 201D
CHVOMIE A ET 2 2005212 LB EWDS, 2012
EDFEIIRIEAT2006 4 & ZIZFABTH o722 L%, &M
WeEEZ T DR OKUEIZ T TEFENFRIEYT 2DI34ET %
bEIROMAERAEE L2 LERL TV,

72721, 20104E%° 2011 4E D REINREAHIAL & T
WD 2.6f5 TN L 722 & LT 5 &, 20094 £2012
FELoBToOBEME (1415 3KV, HEEOBIM & Xt
WL TAhBE, Ih—v 7 REREFENIZBIT 52012
EDY 7 T < ADHIERIL2009FED 1.6 TH 722 &
5, EBEANOEIKED F— Ko<y 7| & FRREELC
BWMLTWwa2b Lhizew, XoT, F=Fa~vv 7
(ZB1F % 2009 4F & 2012 4 D] T D EIRIREL O 4N FaiE
DHBEIPEG- L TWD & ITHE Ly,

DX HIZ = Fu~y FNITERRS 7z foE
HRZ, V7 IV ADOEIR ARSI 24EH (20104
L U201 1 ERYRERE) (2B TEINEROMINIEGS- L7
EEZOND, Fh— Y 7 BEIRESHE AR E T
LYo Z) OFFENEINT BIE L T20134E3 B ICAG L
TEBIC @ B SA2 R E T M % % iE L7- (Fig. 4), S42
IRE T Ll X EEIR T BE 72 A A ST AL HEE C 7 kmFE 5%
ENTWZens, MEORBIIRNNOY 7 T~ A
B KIBICHENE 2 TRER 2> Twb, k-
7 A IRELR HERFRAREE TLE 2013 RIS FHE A % BAdG
L, SRKEBETOEHE THRTY 7 7~ ZADEINESATD
FAEEZRATND, FAFERETIEINEITICLEAEKRE
WNDEBNARA T L VRO RY o b PRIk
B L7z IOV CHEBRD S ETHERE LT, 20
HREAHLTWD (A=Y 7 BEIRER R — 4 X —
< http://www.okhotsk.pref.hokkaido.lg.jp/st/tst/, 2013 4F-9
H24H)o 29 L-SERETRIC X 2B OHERAE, A

I T ADEIRS AT 45

Fig.4 The new fish way of S42 groundsel constructed in
2013.
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Overview of tagging experiments (1964 ~2008) for the hair crab (Erimacrus isenbeckii) off the coast of Hokkaido

in southern Okhotsk Sea, Japan (Note).
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1084 #85kC 6306 1984/7/10 44 37 143 16 8 { 3 76 1984/7/13 44 38 143 13 * 8  HC 78 3 2
@KC 6360 1984/7/10 44 37 143 16 87 | 3 73 1984/7/13 44 38 143 13 * 85 * mC 73 3 0
#8KC 6426 1984/7/10 44 37 143 16 87 1 3 78 1984/7/13 44 38 143 13 * 85 ne 78 3 0
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T2 HEIIBUT AR E, Butks L OEEE
XK HERKEA T
pr e 3 Tﬂun.%l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
R AH WG = G o EE A% BHE#
1966 5/ 3~ 6/14 ERER, GEIER, 312 312 17
1967 5/12~ 5/27 ERER, HE 1,800 1,800 191
9/26~ 9/29* ERER, GETER, B 277 277 17
1968 5/17~ 6/22 JEBER, GEIER, 1,460 1,460 118
11/21~11/23%  ERER, EMER, &3 180 180 13
1969 4/17~ 6/10 JEBER, GEER, 1,500 1,500 139
9/ 4% JEME R 150 150 8
1970 5/ 6~ 6/ 4 JEBER, GEIER, 2,500 2,500 243
1971 4/14~ 6/13 JEAER, ¥ 3,150 3,150 63
8/24 = 300 300 1
1972 4/28~ 6/15 EBER, GEER, 2,600 2,600 18
8/20 ERER, HE 800 800 1
1973 5/24~ 7/28 EBRER, HE 3,500 3,500 66
1974 5/13~ 7/18 ERER, B 1,975 1,975 83
8/8 FETE A 1,000 1,000 7
1975 7/13~ 7/117 ERE R 2,000 2,000 72
1976 7/3~17/9 ERER 1,800 117 1,917 58
1977 7/ 1~ 17/15 ERER 1,854 41 1,895 2
1978 7/11~ 7/20 ERE R 1,142 105 1,247 190
1979 7/17~ 17/21 JETE A 1,512 53 1,565 46
1980 7/ 9~ 7/18 SEMER 1,445 555 2,000 125
1981 7/11~ 7/15 ERE R 1,875 125 2,000 98
1982 7/13~ 7/19 SRR 768 64 832 30
1983 7/ 9~ 7/24 ERER 1,622 328 1,950 64
1984 7/16~ 7/18 ERE R 1,979 20 1,999 46
1985 7/27~ 17/31 ST 2,658 672 3,330 5
L1986 1022 oo EREA .59 S i 998 .. 1
1992 7/ 9~ 7/21 (ERZEERAER) 1 396 397 0
1993 7/ 9~ 17/26 (BREEHRER) 178 178 0
1994 7/13~ 7/21 (BREERER) 1,072 1 1,073 0
1995 6/15~7/5 (BERZEERAER) 3,020 3,020 6
1996 6/28~ 7/23 (BRZEHRER) 3,171 3,171 3
1997 6/18~ 6/28 (BEREERNER) 2,955 2,955 6
1998 7/17~ 8/ 3 (BERZEERAER) 3,378 3,378 13
1999 7/ 9~8/3 (BREERER) 3,683 3,683 6
2000 6/19~ 7/22 (BREERER) 3,722 3,722 16
2001 7/ 1~ 17/26 (BERZEERAER) 1,629 1,629 1
2002 6/21~ 17/26 (BREERER) 509 509 2
2003 6/20~ 7/19 (BREZEERNER) 435 75 510 5
2004 6/20~ 7/25 (BERZEERAER) 663 663 0
2005 6/15~ 7/26 (BREERER) 1,237 1,237 3
2006 6/20~ 7/12 (BREERER) 745 25 770 2
2007 5/14~ 6/ 7 (BERZEERER) 1,164 65 1,229 11
2008 6/17~ 17/ 9 (BREERER) 523 155 678 9
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T2 KEIIBT DRORHAT, BB L OFHE Gt x)

X EKRBES
R AH BORHhE e 1’ ﬁﬂz """ B
i ® FB &
1964 7/20 B 355 24 379 58
1965 6/20~ 7/ 5 BB, #E 823 165 988 43
1966 5/26~ 6/20 HE, #805, g8, §E 1,944 1,944 224
1967 5/23~ 7/15 HE, A, B, f#E 2,999 2999 352
1968 5/ 9~ 6/13 BHE, B, 80, &5 1,820 1,820 330
1969 5/30~ 6/ 6 HEE, B0 1,196 51 1,247 132
11/19~11/24 I 896 19 915 29
1970 4/24~ 6/17 HE, A, BE, #8E 2,196 62 2258 347
11/20~11/22 TR 1,060 1,060 14
1971 5/29~ 6/16 HE, A, B8, #8E 2,650 2,650 452
HE, W8, 8, g8,
1972 5/28~ 8/ 1 @t aE 4,677 60 4737 132
H#E, W8, 85, g8,
1973 6/ 3~ 6/22 @t 2,700 2,700 273
1974 5/1~6/6 R, 28, BE, ®8E 1,898 1,898 377
1975 6/ 3~ 6/17 K, B35, EH, E2, #@FE 1854 146 2,000 294
1976 6/ 1~ 6/24 K, B3, B, B2, #@E 2280 2280 587
1977 6/ 1~ 6/10 Al BRl, EEE, BE 1,198 142 1,340 354
1978 5/13~ 6/19 W=, Bl B E 748 252 1,000 63
1979 6/ 8~ 7/25 HE, Bl EBR, EE 1,918 201 2119 132
HEE, #, E A,
1980 6/11~ 7/27 ERy e 2117 562 2679 144
R, BRIl B,
1981 6/ 9~ 7/26 pmpg o 2,477 63 2540 365
R, BRI, BRI,
1982 7/ 9~ 7/29 pmpg o 1851 400 2340 76
HE, 8, Bl EA
1983 7/12~ 7/29 g e 1,964 36 2,000 117
1984 7/10~ 7/23 W, B 1,000 1,000 56
..1985 /18~ 7/19 ] meR, B 628 o 628 . 0.
1995 7/ 4~ 7/18 (BREERER) 2,858 28 2,886 58
7/17~ 8/11 HE-EERERBBUR) 3,329 3,329 19
1996 7/ 2~ 17/15 (BREEHRESR) 3,642 954 4596 107
7/ 8~17/9 BEE, #E 372 108 480 10
7/ 8~ 8/12 HE RBE/RBBR) 5492 5492 84
1997 6/17~ 7/11 (BREEHRESR) 4620 967 5587 155
8/22 HBE (REBRIBBGR) 2,625 2,625 39
1998 7/ 1~ 7/16 (BREERER) 1,828 1,828 40
7/ 2~ 17/ 4 ®E, HE 71 4 75 1
7/ 2 HE 44 44 6
8/21~ 8/23 HE (REBIBBUR) 3,500 3,500 4
1999 7/ 1~ 17/16 (BREEHRESR) 1,710 1,710 28
2000 6/27~ 17/ 1 (BEREZEERNER) 315 315 1
2001 6/26~ 7/ 5 (BERZEERAER) 687 687 6
2002 6/27~17/5 (BREEHRESR) 273 273 2
2003 7/ 1~17/9 (BREERER) 367 367 0
2004 6/24~ 6/30 (BREERER) 422 422 2
2005 6/20~ 6/28 (BREEHRESR) 768 768 9
2006 6/20~ 6/27 (BREZEERNER) 395 395 7
2007 6/20~ 6/27 (BERZEERAER) 308 308 5
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A= WA DI =
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REREREREEN AHR—YIREREFEN =
WHRE 1966~ 19864 1964~19854F
1992~20084F 1995~20074
g 2 TBH I\ q e B 5
3 &5k 48,157 2,978 20504 71,639 61,929 4,333 14,946 81,208 152,847
B 1,276 48 480 1,804 5318 147 69 5534 7,338
BHE 3% 7% 5%
BB I B A HIBAL T ULV = BE D B 781 23 5,229 143
e 1 B AR R 2% 1% 8% 3%
BHAOEHEIERIN-BEEK 1,275 48 466 1,789 5,223 147 67 5437 7,226
EHERE (MRERICER) 1,072 44 437 1,553 4553 138 25 4,716 6,269
thER 84% 92% 94% 87% 87% 94% 37% 87% 87%
3~ 8AMR-3~ s B 1,046 44 429 1519 4474 138 24 4,636 6,155
3~ BAMFR-9~12BEH 26 5 31 79 1 80 111
I~12 MR- 9~12A B 3 3 3
EHBH BMREOBELRIZER) 203 4 29 236 670 9 42 721 957
R 16% 8% 6% 13% 13% 6% 63% 13% 13%
3~ 8AMF-3~ s A EiE 180 3 18 201 668 9 42 719 920
9~12 -3~ 8RB 23 1 11 35 35
3~ 8AMMFR-9~12 A BiH 2 2 2
Bt S OBREEHTE TEERK 811 22 364 1,197 4,248 121 57 4,426 5,623
ST PR B (20kmk i) 712 20 311 1,043 3,837 82 51 3,970 5,013
thER 88% 91% 85% 87% 90% 68% 89% 90% 89%
rh 6 B EE 47 (20km LAk 100km 3R 535) 99 2 53 154 407 39 5 451 605
R 12% 9% 15% 13% 10% 32% 9% 10% 11%
R IEBE A (100kmeL £) 4 1 5 5
toE 0% 2% 0% 0%
W RAUMZ- L FS =R Eod 5 1 6 6
Bt S OBREEHTE CELERK 2 1 3 3
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