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In addition, the Fisheries Research Department of the Hokkaido Research Organization will now comprise the

following seven local Fisheries Research Institutes. The study achievements of these institutes will be published

in the “Scientific reports of Hokkaido Fisheries Research Institutes”.
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Catch efficiency of dredge netting for sea cucumber, Apostichopus armata, in northern Hokkaido

MINORU SANO™', KE1 MAEDA?, SHIRO TAKAYANAGI®, MAasAAKI WADA*, KATSUMORI HATANAKA °,

HanME KIKUCHI® AND KAzusHI MIYASHITA

'Wakkanai Fisheries Research Institute, Hokkaido Research Organization, Wakkanai, Hokkaido 097-0001,
*Mariculture Fisheries Research Institute, Hokkaido Research Organization, Muroran, Hokkaido 051-0013,
*Kushiro Fisheries Research Institute, Hokkaido Research Organization, Kushiro, Hokkaido 085-0024,

*Future University Hakodate, Hakodate, Hokkaido 041-8633,

*Tokyo University of Agriculture, Setagaya, Tokyo 156-8502,

‘Hokkaido Government, Sapporo, Hokkaido 060-8588,

"Field Science Center for Northern Biosphere, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan

We estimated the catch efficiency of dredge netting for sea cucumber, Apostichopus armata, by using fishery records and GPS

data for fishing boats from coastal areas of northern Hokkaido. We calculated the catch efficiency by subtracting the abundance in

weight recorded on the final capture day from the abundance in weight recorded on the first capture day, and dividing the remainder

by the total catch within a grid. We showed that, for high catch rates, the range of estimated catch efficiency was narrow. We

superimposed the distribution map of catch efficiency onto bathymetry data, and used regression tree analysis to evaluate catch

efficiencies of <1. We revealed that the estimates of catch efficiency ranged from 0.09 to 0.53 (mean 0.29), because of the

complexity of the sea bottom. Our results confirm the validity of estimating the catch efficiency of dredge netting, by considering

the effect of bathymetry.
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Fig. 1 Geographic location of the study site (hatched area).
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cucumber, Apostichopus armata, in coastal areas of
northern Hokkaido.
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Fig. 3 Spatial data processing for estimating the catch efficiency of dredge netting for sea cucumber. 7, number of polygons; X.,
CPUE (kg/m’) in polygon a (a = 1, 2, ..., n); Y., dredged area (m”) in polygon a; C., catch (kg) in polygon a; L, number of
grids; n;, number of selected polygons in grid # (h=1, 2, ..., L); Xhi, CPUE in polygon i in grid 4 (i =1, 2, ..., ns); Y, area of
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Fig. 4 Distribution maps of (a) total dredged area (m’); (b)
total sea cucumber catch (kg); (c) initial sea cucumber
CPUE (g/m%); (d) final sea cucumber CPUE (g/m’); (e)
catch ratio (%) to initial catch weight; and (f) catch
efficiency of dredge netting for sea cucumber in 2008
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Fig.5 Distribution maps of (a) total dredged area (m’); (b)
total sea cucumber catch (kg); (c) initial sea cucumber
CPUE (g/m); (d) final sea cucumber CPUE (g/m’); (e)
catch ratio (%) to initial catch weight; and (f) catch
efficiency of dredge netting for sea cucumber in 2009.
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Fig. 8 Distribution maps of (a) depth (m); (b) slope gradient
(°); (c) rock cover (%); (d) gravel cover (%); and (d)
sand cover (%) per grid. All maps were superimposed
with the catch efficiency maps of dredge netting for sea
cucumber.
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Fig.9 Regression tree of catch efficiency of dredge netting
for sea cucumber in the study area. Explanatory
variables are depth (m), slope gradient (°), rock cover
(%), gravel cover (%), and sand cover (%). Decimal
values and » values below each node indicate the mean
catch efficiency and the number, respectively.

Table 1 Deviance weighted score (DWS) of each explana-
tory variable for catch efficiency of dredge netting
for sea cucumber.
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Fig. 10 Distribution map of catch efficiency of dredge netting for sea cucumber, estimated by using the regression tree shown in

Figure 9.
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Fig. 11 Typical sea bottom at depths of 15 m and 20 m, in rocky sites of the study area.
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The effects of different methods of preservation and fixation in formalin and ethanol upon body size of juvenile chum

salmon
Kryosat KASUGAI

Hokkaido Research Organization, Doto Research Branch, Salmon and Freshwater Fisheries Research

Institute, Nakashibetsu, Hokkaido 086-1164, Japan

The effects of preservation (freezing & thawing, chilling, and chilling plus freezing & thawing) and fixation in formalin and
ethanol upon body size (length and weight) of three different fish size groups of juvenile chum salmon Oncorhynchus keta were
investigated. Body size decreased in most fish of all size groups after preservation, although body size increased in some fish after
chilling. Body size after fixation decreased in most fish compared to those after preservation. Decreases in body size fixed after

freezing & thawing and chilling plus freezing & thawing were larger than those fixed after chilling and death. Changes in body size

with preservation and fixation were different among the three size groups.

F—U— K BrOHfR, KE, KE, S~y -y —VEE, BIK, HF

AARICEW TV 7 s (3 Oncorhynchus keta,
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fif, HOVIT— BB WHIRAF L, oWEnS A dmlE L
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[E ERTOMLEL T (Theilacker, 1980; Hunter, 1985; Jennings,
1991), [EEiROFELE (Billy, 1982; Fowler and Smith, 1983;
Hay, 1984; Glenn and Mathias, 1987; Kruse and Dalley,
1990; Morkert and Bergstedt, 1990; XEH 5, 1991; Hjorleifsson
and Klein-MacPhee, 1992; Karjalainen, 1992; Theilacker and
Porter, 1995; Shields and Carlson, 1996; Fisher et al., 1998;
Cunningham et al., 2000; 22 i « ‘& %, 2004; Joh et al., 2003;
Paradis et al., 2007) , [EE# DR (2 H, 1951; 25, 1972;
Stobo, 1972; Lockwood, 1973; Lockwood and Daly, 1975;
Takizawa et al., 1994), [EER OB (NG, 1981), K+
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Table 1 Means and standard deviations of fork length and body weight of specimens for each experiment (40 specimens in each

Body weight (g)

0.570 +0.089 (0.365 — 0.822)
1.029 £ 0.193 (0.675 — 1.479)
2.326+£0.579 (1.513 —4.244)

0.568 +0.080 (0.366 — 0.728)
0.954 +0.152 (0.657 — 1.322)
2.298 £0.500 (1.403 — 3.444)

0.548 +0.072 (0.391 — 0.681)
1.003 +£0.178 (0.515 — 1.403)
2.426 +0.443 (1.625 — 3.674)

group).
Experiments  Size group Fork length (mm)

1 1 42.98 +1.99 (38.15 —47.53)
2 50.80 +2.96 (45.01 — 56.67)
3 67.81 £4.98 (58.78 — 79.37)
2 1 42.96 = 1.76 (38.11 — 45.95)
2 49.83 £2.75 (43.91 — 57.64)
3 68.41 £5.24 (57.23 — 80.43)
3 1 42.60 = 1.61 (38.93 — 46.23)
2 50.65 +2.70 (43.07 — 55.48)
3 69.12 £4.16 (60.39 — 79.41)
Control 1 42.57 +£2.22 (34.84 — 46.15)
2 49.73 £2.99 (42.24 — 54.30)

3

67.80 + 4.20 (59.45 — 76.63)

0.539 +0.088 (0.277 — 0.718)
0.960 +0.174 (0.587 — 1.287)
2.221£0.370 (1.500 — 3.054)

Experiment 1: Formalin and ethanol fixation after freezing and thawing; Experiment 2: Formalin and ethanol fixation after chilling; Experiment 3: Formalin and ethanol

fixation after chilling plus freezing and thawing; Control: Formalin and ethanol fixation after death
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A RZN—7 3: #)70 mm, 4H2H HI5E; Table 1; LARE,
A XTN—=T%2SGEEKTLT D), FSGIIAERICENTIE
LAEERYBRhoT,
FTEAE ABLET L ik U7 O RS L OMEE O
Z{b3# (Changing rate) Z LA FORUZ X o> TR L7,

Changing rate (%) = (M, - M.) / M. x 100

M: JLERFT O W E B, My JLBEE O W E i, all 134
(raw), MUK - fRIE (freeze), ML (chill), MEHATE - fF
7 (chill+freeze) 73 A 5 ; bIZIXW R « fREE (freeze), @
(chill), % JE+5 R - ol (chill+freeze), [EE (fix) 2% A
5
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HERR1 R - BERICERE) AR, ANEMC
KD W - R I E 1 O AL FR XSG TH E AR 2N
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- R I E B 9 5 [ E 4 E B 00 28 (L =R 0 S fE
13-15~-27% & ARREMIT T 5 B - MRt il E i oo 28
LR D2~4f51272 0, SG3, SGI, SG2DNEIZHEHE A K
Einodo, AREMEICKTT D EEGBEMOELE G m
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<0.0001), K&72% A ADSGTRERADEE R LT,

RETIE, AEREMICKTT 2 MisGRE E ORI,
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Table 2 Means and standard deviations (ranges) of changing rate in fork length and body weight after treatments in Experiment
1 (formalin and ethanol fixation after freezing and thawing). M..: measurements after death; Miee: measurements after

freezing and thawing; M measurements after fixation

Size Fork length Multiple Body weight Multiple
Changing rates  group Mean + SD Range comparisons Mean + SD Range comparisons

Miaw = Mireere 1 -5.07 £ 1.08 -7.15 —-2.87 b -9.89 +£2.40 -1591 — -5.56 b
2 -2.93 +£0.89 -4.93 — -1.07 a -7.32 +£2.06 -12.03— -2.30 a

3 -2.89 +1.38 -6.38 — -0.39 a -6.24 +1.96 -10.66 — -2.43 a

Mireere - Miix 1 -3.56 +£1.33 -6.81 — -0.44 ns -22.29+4.72 -32.27— -12.20 b
2 -3.15+1.05 -5.44 — -0.90 ns -15.51+2.98 -22.69— -9.98 a

3 -3.32+1.15 -5.43 —-0.44 ns -27.16 +1.50 -31.34— -24.54 c

Miaw - Miix 1 -8.45+1.44 -10.81 — -5.15 b -29.96 +4.93 -39.47— -18.42 b
2 -5.99 +£1.03 -8.12 —-3.79 a -21.69 +3.30 -30.72— -15.72 a

3 -6.13 +1.08 -8.57 — -4.41 a -31.72+1.74 -35.43 — -27.38 b

Multiple comparisons followed by the same letter(s) did not differ significantly from each other. Letters indicate mean value, with the letter “a” indicating the largest mean

value, “b” indicating next to “a,” and “c” indicating the smallest mean value. ns: not significant.
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Table 3 Means and standard deviations (ranges) of changing rate in fork length and body weight after treatments in Experiment 2
(formalin and ethanol fixation after chilling). M..: measurements after death; Mu: measurements after chilling; M,

measurements after fixation

Size Fork length Multiple Body weight Multiple
Changing rates group Mean + SD Range comparisons Mean + SD Range comparisons

Miaw — Mehin 1 0.79 +£0.70 -0.56 —2.90 a 4.10+1.54 0.83 —7.47 a
2 -1.43+£0.92 -449 —0.23 b 224 +1.11 025 —5.14 b

3 -2.76 £0.73 -4.11 —-0.96 c 0.95 +0.68 -0.68 —2.26 c

Menint - Miix 1 -1.82+£0.76 -3.50 —0.38 b -10.55+4.76 -20.60 — -0.67 b
2 -1.02 £ 0.80 -2.86 —0.97 a -2.97+£3.55 -10.23 —1.86 a

3 -1.67 £1.04 -4.39 —0.35 b -4.09 +3.08 -10.09 — 1.61 a

Mhraw - Mk 1 -1.05£1.02 -3.91—2.20 a -6.87 +£5.40 -16.76 —4.43 c
2 -243+£1.21 -5.55—0.26 b -0.81 +£3.67 -8.32—4.22 a

3 -4.39 £ 1.06 -7.12 —-1.65 c -3.17+3.22 -9.83 —2.57 b

Multiple comparisons followed by the same letter(s) did not differ significantly from each other. Letters indicate mean value, with the letter “a” indicating the largest mean

o ey

value, “b” indicating next to “a,” and “c” indicating the smallest mean value.

RTIXEDME AR Lz (Table 3), AERIEMIT 392 ik
BIEMOLEALZIL, SGHITHERENRD LI (f =
69.42, p < 0.0001), YA AD/NZ72SGIE EIEDOK & 70 %)
iz R, A ANNSWIEEBILDEENRRE N7,
— 07, PREE O WAL I E %63 B @ 5 0 e il o 28k 3R
IERI DA DA R LTy, KE B K CTIIEOME AR
TS R ST, (KEOMERZNEWIC T 5 B E%

HEEOZELRITISCH THERENR D biv (f = 47.52,
£ <0.0001), SGIAMLO2BEL W FREICKERADHERL
7o IREOAEREMIC KT 5 FEZ R EEOZ(LFE S SG
MTHERAENR LI (fF=28.24,p<0.0001), FHIfE
IJ3REE LADfEE /R L, SGI, SG3, SG2DJEIZAIZRKE
REE LD, SG23h o & BIHER /NS o Tz,

HEX3 ChE+5FE - BERICEE) AREEICxd

Table 4 Means and standard deviations (ranges) of changing rate in fork length and body weight after treatments in Experiment 3
(formalin and ethanol fixation after chilling plus freezing and thawing). M..: measurements after death; Mo
measurements after chilling; Mi....: measurements after freezing and thawing; Menin-eere: measurements after chilling plus

freezing and thawing; Ms. measurements after fixation

Size Fork length Multiple Body weight Multiple

Changing rates group Mean + SD Range comparisons Mean + SD Range comparisons
Miaw — Menin 1 -0.73 £ 0.69 -0.64 — 1.96 a 416+ 1.51 0.97 —17.16 a
2 -1.35+0.80 -3.32—0.94 b 1.15+0.63 -0.50 —2.18 b
3 -3.18+0.71 -4.71 —-1.80 c 1.13+£0.55 0.30 —2.28 b

Menint - Mireere 1 -4.05 £ 1.56 -6.66 — 1.36 -14.59 +£3.34 -26.01 —-10.03

2 -2.224+0.69 -3.80 —-0.72 b -8.66 =3.41 -19.49 —-1.70 b
3 -1.03£0.75 -3.04 —0.72 a -3.21+£2.07 -8.38 —1.56 a
Miaw - 1 -3.35+1.58 -6.29 — 1.38 a -11.03 +3.69 -20.72 —-5.21 c
Mehitt+freeze 2 -3.55+0.88 -5.78 —-1.71 a -7.62+3.41 -18.24 —-1.48 b
3 -4.18 £0.55 -5.18—-2.98 b -2.12£1.90 -7.13—2.54 a
Mehintsfreeze - 1 -3.27+1.62 -10.43 —-0.15 b -18.88 £5.85 -32.34 —-4.57 b
Miix 2 -2.58+£1.15 -5.36 —-0.38 b -16.89 +£3.44 -22.57 —-10.72 ab
3 -2.03 +£0.55 -3.52—-1.18 a -14.98 £2.53 -20.25 —-10.33 a
Moy - Miix 1 -6.53 +1.27 -9.19 —-4.19 ns -27.81+£6.26 -39.36 —-15.00 b
2 -6.04 +1.19 -8.20 —-3.03 ns -23.28 £3.17 -31.29 —-17.44 b
3 -6.13£0.72 -8.28 — -4.67 ns -16.82 +1.78 -20.80 —-13.18 a

Multiple comparisons followed by the same letter(s) did not differ significantly from each other. Letters indicate mean value, with the letter “a” indicating the largest mean

value, “b” indicating next to “a,” and “c” indicating the smallest mean value. ns: not significant.



L WA EMEOZBEIL, K, MREORFG L &R
R2DPRAFAER & [7] U 72 O THME LT,
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AL, SGRITHEREZNRD b (f =7470,p
<0.0001), A E AL 63 5 M e I E I O AR & da
2, /NERSGTRDRE 2 fliA R L7z (Table 4), AHIE
MBI 2 e+ R - R T EME O ZALRIE, 1T & A
EORERNADMEZ R LTz, AREEI 5 2 @B k+5
- R TEME OZE L RIT, SGRE THERZENRBD b
(¢’ =13.18, p < 0.01), SG3SGlE L USG2k » AlZ K
TR U, R - RS T EMRS T 2 [ E R
HEMOEAT, SGHITHERZENRL O (f =24.46,
p<0.0001), SG373SG1H L USG2L W AEIT/INESRAD
%R Uz, AETDEAIT k3 2 8 & 0 1 E il o 284k 0%
SGHICHERENR LT (f*=2.83,p=0.2429), Yo
RN K DG OFEFENTIFE TR o T2,

RECI, WIS I 63 2 6 i AR 1% 0 i o>
ZAb=IE, SGRI THERENRBO biL (*=8831Lp
<0.0001), A& EFBRIC/NSSGTRDOREREEZRL
7z (Table 4), AMIEMEIZKIT 2 W BHA T - fEHEZHIE
EOZALFIL, KIMOEERTIEDEZ R LKL H o 7=
D, Ky BADMEA R LTz, AEMEICTT 2 mEHn
W R G HEMOZLFRIL, SGRITHERENR LN
(' =76.27, p <0.0001), ZAt = ¥l 1L SG1, SG2,
SG3IDNAIZEIZKE Mz &0, NS 72 A KT ERED
T HE LinoTz, MBHAE - REZRIEMEIC 5
EHBMEMOELTRIL, SGRITHERENRLLN (=
12.32, p < 0.01), SGINSG3 L W AEICKE RADIEE R
L7, ZNUS OMBE D TIHEERE TR 1o 72,
AREREIT T 2 BEEREMOZLRIE, 3 TOMEE
DAOMEERL, EREREFL D 10%LL L EEN D L,
AREMIT T 2 BESRNEMBOZLLHRIT, SGHITHE
TRFENR GBIV (f=71.73, p <0.0001), SG3/SG1E LW
SG2 L W A BEITEALEN /N E L, oA DU EUHE
MRKEMN-T=,
HEX (BAEDH)

HRREIFEERICT N TOMKTEL

PRIFALEE & BT & 2 Shfefa o iRy 244k 15

BNEOMEERL, WU L7 (Table 5), RE TIXSGIT
KISy DA DZELFE AR LT2as, KEOEE T
IEDOBALRE R LI EEN L -T2,

HER L OMEEOZCRITEERICB W TSGHICHE
RAENDBO LT (KK =1941,p<0.0001; /& &
%'=58.52,p<0.0001), A& TIESG2A3SG1IHB LUVSG3 LY,
AR E <, BRSNS o7z, —J5, KETIESGI
MSG2BLUSGI LV AEICADKRERMEA LD, /S
YA XTITIREOW D N KE 2 ->7- (Table 5),

=B

ARBROFER D, RER L ORE TR - MR, 1,
BN « I XD RAFHR EIIAv~) v e =i )
—IVIEEZ BN T, B FIEC AR A XOEWIZ X -
TEAENRELS B DT ENH LN -T2,

W, IWEORITT, AEREMEIZ KT 2 [EE % N EE O
AU I XA ORAT AL AL T E A oD AR T E AL k- 5 28k
ERAFALIRAZ J E M 9 5 B E % EM O Z b= D ¥
BLEOMEZR>THEY, FMRALEEL LOFEENEES
FOMREIZZIET EETHMNICE T EB 2 6h
72

RENEIZLZEE

OB OB SN A b E LT, JERME S
fEEEC & b 72 D WAL R FE T o5 (L, 1991), F£77,
U RTBEOL A REEICEENEL D Z LItk - TREZ
LZEMBIERTWS (WL, 1986), AIFIEIZIB W T,
TRAFALER (MO - MR, DR, WIR+m R - fiRoR) %12
flZ oo RRB IO EOLEIL, FitoBIGn S LT
WhHEEZLND,

AT I, W TR RN S W EE T E
L7zt L, REWBER TN Lz, —F, RETIX
WA T X TOSGTHHMEAEEM LTz, FAPITIEZE
EOEIZEAL U, BAIIMIREHE D/ Nk Slc kDb D
EHEERETTW D (B, 1991), MWtk i A Cil kA i

Table 5 Means and standard deviations (ranges) of changing rate in fork length and body weight after treatments in control
(formalin and ethanol fixation after death). M..: measurements after death; Ms. measurements after fixation

Size Fork length Multiple Body weight Multiple
Changing rates  group Mean + SD Range comparisons Mean + SD Range comparisons
Mhaw - Mk 1 -3.79 +£1.00 -5.49 —-1.14 b -6.90 £ 3.75 -13.84 —0.37 b
2 -2.86 +0.80 -4.37—-0.38 a -0.31+£3.15 -6.57 —5.09 a
3 -3.27+0.76 -4.75 —-1.01 b 0.99 +3.45 -5.33 —17.57 a

Multiple comparisons followed by the same letter(s) did not differ significantly from each other. Letters indicate mean value, with the letter “a” indicating the largest mean

value, “b” indicating next to “a,” and “c” indicating the smallest mean value.



16 FAJE &

ATVD bR A6 TEY, /NS ERTI
WREATOPE R SN L BN RY V7 TRIEOREN k
N, HRNOEENRES L THRENS, K&V
A X TEFHAOEALD N E W X L0 FEFI A 72>
STz, F T E OB X0 RESHE L7 okt
L, /NEWH A ZTIRHFAOEAL S HEA 2723, (KEMp
FLEBbhiz, FioILIT A FRHE DRk )

FIRT3 25 (B, 1991), /K ORI L0 7 EHHE
WCARSDERET S (A6, 1985), AWFZE TlIsnig2 [

T2 ICWRIBANIC FER E TR ST/, FlHE D
INFAEDSEEATE & DAL D/ S WA XTI, KRG DR
FREPRERYTA XLV RES Loz Z &IT X
D, RERENLE LB,

Wl - R (MR b ET) T, KR, KEITE
HITALEERTOMRFBIZ LA TG E 721D L TR Y, /h &
ZRARAR TIRR & 22 BR K 0 G BD BDRE Do T2, 1
BR-FRBRIC & b 72 5 BRUEORIRNOZ L L LTI, AREREE
RS R EOWREEER M BN TS (IUH 5, 1978;
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T EL IR SEAR AL & [RRR (A5 A T D ATP RS 47 % 2 &
W20 W HE A R AE 2 ST E LIRE 32 ookt L
(L B, 1978), & 2 /R0 BOWKEEMEL S » 37 EHHK
FEC Lo THFHNOETIEE N R TRIC 2T 5 O
I, 2002), ABFFETIE, WL, BOHESEATRZ L B
A EITB TS ml R IIHE DS L B 2 & o
D, FEERAEE & L < IIMFEAE B X D UUHE Clden & &
b5, TO, ARG DG - ff% ORE D
A RAR T DI 1T, R RZENELS X 2 i P DL & i AN
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NNV AW R A Y W e

OO FER % O R RN, W% TR L 0/ hEh
ST LI, WP OMRA OB & X 7 E OB K
D, WHAEEOREN NS lpolzZ LIk b L bz,
—J7, W R ORI, NS0T A 2R T
WG DRI LR TR E o T, TR, hE W
A X TIEIERHE O /DAL HEA 72728, A LT
To ARGy IS TR R K 0 i L7z o Tlkzz v & b
i,

TR - fRE TIE 2 A & A 3 VY Salmo salaroA =11
— /X — F Perca flavescens®D &) H f X° 2 A = Coregonus
artedii TIEAF D /N S WDERD R & 22814 L 0 AR R MY
Mo D2 &N E S (Engel, 1974; Armstrong and
Stewart, 1997; Paradis ef al., 2007), AWFFEORER L —H L
7o LA 0D RIS (A D ¥ IR - IR 2 L2 36 1 2 IR RN C
IARRAC & 2 IR OE W ITHE STV 2Ry (Lux,
1960; Halliday and Roscoe, 1969; Sayers, 1987; Treasurer,

1990;  H , 1995; Blackwell ef al., 2003; #l T & ,2005;
Chesnes et al., 2009) . Z @ J 9 7RI LHAFEOFE LIS,
R OE WL TS AREEND D, KAFZET
ATz R OIRE&PE  (40-70 mm)  TiX, B2
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DOFERIE, EEOMBBIEICE S LTIy, 4%
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REBIOEREOR T &b, 7ol ha X R
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Characteristics of body size of chum salmon returning to Okhotsk rivers in Hokkaido

YASUYUKI MIYAKOSHI", DAISEI ANDO, MakoTo FUJIWARA, MITSURU TORAO, HIROFUMI HAYANO AND
HiroxkAzu URABE

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

Fork length, body weight, and age of chum salmon Oncorhynchus keta returning to 7 rivers in the Okhotsk Sea region were
measured, 2010-2012. Mean fork lengths of chum salmon were larger in the western region than those in the central or the eastern
regions. Also, in many rivers, fork lengths were different among run timings; larger for fish captured in earlier timing (August and
September) and smaller for fish captured in the later timing (November and December). When fork lengths of chum salmon of the
same ages (age-4 and age-5) captured in October were compared, the difference of fork lengths among rivers was smaller, but was
significant. In 2012, body sizes of chum salmon returning to Hokkaido were small, and the differences of fork lengths among rivers

were not significant for all ages and sexes. When body sizes of chum salmon returning to rivers were compared, age and run timing

should be taken into account.

F—U— N AR—=Y 7, fRYA X, Yo, Bl
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B B WVE TR HE 2 HEFE LT 5, Bl Tl AbigE N o
AR N Sl A D)L [ NS LAY/ APAN Y S W i i ey
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JLHEE DY 7 ITIZS O DHIBER RN H D & SN THY
(Beacham e al., 2008; Beacham ef al., 2009), i1 5 O HiFE
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Table T Numbers and age composition of chum salmon captured in the rivers in the Okhotsk region of Hokkaido, 2010-2012

River Year Number of fish captured Estimated number of fish by age Estimated age composition (%)
Female Male Total Age-2 Age-3 Age-4 Age-5 Age-6 Age-7 Age-2 Age-3 Age-4 Age-5 Age-6 Age-7  Total
Eastern Region
2010 384,286 359,430 743,716 0 14,263 378,414 307,070 43,969 0 0.0 1.9 509 413 5.9 0.0 100.0
Shari R. 2011 243,485 244912 488,397 0 9,009 262,203 182,968 32,520 1,697 0.0 1.8 537 375 6.7 0.3 100.0
2012 286,554 321,109 607,663 0 14,067 216,012 369,215 8,369 0 0.0 23 355 608 1.4 0.0 100.0
2010 160,005 168,827 328,832 0 28430 214,402 76,738 9,134 127 0.0 86 652 233 2.8 0.0 100.0
Abashiri R. 2011 283,584 295366 578,950 0 20469 366,866 186,895 3,261 1,458 0.0 35 634 323 0.6 0.3 100.0
2012 312,833 366,830 679,663 0 16,219 336,175 321,436 5,832 0 0.0 24 495 473 0.9 0.0 100.0
Central Region
2010 76,366 72,998 149,364 138 11,824 77,002 48262 11,934 204 0.1 79 516 323 8.0 0.1 100.0
Tokoro R. 2011 77,066 73,057 150,123 0 17,362 92,674 37,983 2,104 0 0.0 116 617 253 1.4 0.0 100.0
2012 99,000 104,950 203,950 0 4207 132,754 63,855 3,129 6 0.0 2.1 651 313 1.5 0.0 100.0
2010 43,453 42,972 86,425 0 4,162 50,870 26,793 4,567 32 0.0 48 589 310 53 0.0 100.0
Yubetsu R. 2011 17,087 16,934 34,021 0 2,636 19,717 11,167 501 0 0.0 77 580 328 1.5 0.0 100.0
2012 28,566 30,492 59,058 0 1,466 39,153 17,420 1,018 0 0.0 25 663 295 1.7 0.0 100.0
2010 15,013 15,365 30,378 0 404 6,628 22,832 514 0 0.0 1.3 218 752 1.7 0.0 100.0
Horonai R. 2011 4,769 5,172 9,941 0 225 2,925 6,073 718 0 0.0 23 294 611 72 0.0 100.0
2012 15,016 16,612 31,628 0 339 7,029 23412 848 0 0.0 1.1 222 740 2.7 0.0 100.0
Western Region
2010 75,196 76,077 151,273 0 2,395 51,591 95,495 1,793 0 0.0 1.6 341 631 1.2 0.0 100.0
Tokushibetsu R. 2011 47,847 47,439 95,286 188 4,879 40,060 45,139 4,848 172 0.2 51 420 474 5.1 0.2 100.0
2012 142,702 135,100 277,802 0 10,643 165,242 94,503 7,415 0 0.0 38 595 340 2.7 0.0 100.0
2010 32,859 37,366 70,225 0 1,290 39,180 28,893 862 0 0.0 1.8 55.8 411 12 0.0 100.0
Tonbetsu R. 2011 46,092 59,705 105,797 0 6,328 86,272 12,033 1,163 0 0.0 6.0 815 114 1.1 0.0 100.0
2012 90,909 79,927 170,836 0 3,888 72,117 92,614 2,217 0 0.0 23 422 542 1.3 0.0 100.0
~ e . —__ - N =) P N
SHTT) 10T L7257 — 2 2 v, eSS, o3I (RP)IL &R, @RI ovroRXEMN

B LOHELZ R & L TRYR X E 2 g

B R

AN E# & ERFE o OREENIRIH TR E A
EWRS B AL, iEROZ VR &/ TlXe0 ) &%
B2 607 (Tablel), EE 0 2£#)H K&

<, 20124 I PR RIBIZHEI L7213 2% < B B
Too 72720, ZOEDOA BBEITRBURL 22K D 72 D14l
TR 3B D 22T S & 1, IR P R R i
BN U= & & 5 autz (Fig. 2), TR IS S )1
MTEONALN, HERFHOY—7 R 0n0lE, 8AT
AN OIENEEVIOA THNGI0A LAY —27 2l
HEEENNE10H EPRICE—2 RNAE LN HMETH
o7z, EOMOFNITIIARIA10H RIS N % <
TpoTW5,

EEFRR I TR E BV A B AL, RS 20
NGl - 7= Fipk & 72 B K5 I s T L A b/
U, FEBHEX O3 (G E I, BRI, BRI 12X
BIEWNL LI, BRI FE & HAFE L
M50% LA B 5 TR, AiR— 7 PER O eI
T AR TIEWT I OE B AFEAD30%I25H 7237, sS4
DEBDO60% L, E L FmWIERE DT\, X
O OFEERFRRIC b K E AW A B D (Table 1),
BRY A XOLLESER A0 TRIE L7 4FinR], iR
DEE R X E &R EZ 2 L Table 28 KX OY
Table 312 F & 6 Ton L7z, MY 4 X%, WAL

BRI QAR GEBII, &S, @), R
0B REVH N B3I (Table 235 X UFig. 3), 4t
W CHRIKY A X & d 2 L3FEMMNR LIS, 4FM4,5
AR LAEER N < 2R B IZ O TRAYL T A A VTR
OFNTH A BT (Table 2), FHIREIZ RO
MNIHHINT=, FMTHEET D &, 20104, 20114F, 20124F
DNEIZ/NE L 720, 20128E 1TV OW)ITH AR X
PRI T 72,

WA, DT ORERE BB &, W) DOFTRTOFf
Z 7= LR B PR R X RS MERE & b, WIS
ERITHEREICE o7 (11 p<0.01), WELER], 4Fhm5
PR Y AR LA ThH, PR L USH/R L b
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WIZEVEBICRR MR ERo T (4B KOS
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Table 2 Mean and standard deviation of fork length of chum salmon captured in the rivers in the Okhotsk Sea region of
Hokkaido, 2010-2012

Female
Year Ase Shari R. Abashiri R. Tokoro R. Yubetsu R. Horonai R. Tokushibetsu R. Tonbetsu R.
g no mean + SD no mean * SD no mean + SD no mean * SD no mean + SD no mean * SD no mean + SD
Age-3 6 569 £ 35 29 58.6 = 48 35 582 + 47 13 585 = 48 3 523 + 21 1 61.0 + 0.0 21 615 + 26
Age-4 281 639 + 4.0 283 642 + 37 236 639 + 42 204 636 = 4.1 69 66.1 + 3.8 134 663 =+ 32 185 673 + 34
2010 Age-5 236 683 + 3.7 120 683 + 3.9 174 677 + 3.7 135 677 + 38 265 70.1 + 38 248 693 = 33 136 694 + 3.7
Age-6 23 706 + 38 12 680 = 3.6 50 69.8 + 3.1 41 706 =+ 33 5 708 + 32 7 699 = 52 5 708 £ 43
Age-7 2 669 + 12
Total 546 660 + 4.6 444 651 + 4.6 497 654 £ 49 393 656 + 49 342 698 + 44 390 682 + 3.6 347 678 £ 4.0
Age-3 5 554 £ 12 13 572 = 26 46 565 + 3.1 20 577 = 2.6 2 595 £ 25 17 589 + 33 26 639 + 25
Age-4 224 627 £ 38 311 623 = 39 297 620 + 34 173 622 + 3.7 42 642 + 3.1 214 638 = 3.6 279 657 £ 3.7
2011 Age-5 219 682 + 3.6 166 686 =+ 3.8 136 665 + 39 101 66.7 = 3.6 89 688 =+ 3.1 283 682 =+ 35 42 703 £+ 33
Age-6 46 693 + 32 5 641 + 24 15 68.1 + 24 5 696 = 3.0 10 675 + 42 24 70.1 = 3.1 1 715 £ 0.0
Age-7 2 688 + 28 + 2 700 £ 0.0
Total 496 657 + 47 495 643 + 49 494 629 + 4.6 299 635 + 45 143 673 + 4.1 540 663 + 43 348 66.1 £ 39
Age-3 27 556 + 32 8§ 554 = 3.0 27 558 + 27 23 557 £ 26 3 580 + 29 23 581 + 38 6 613 + 27
Age-4 165 61.8 + 3.0 224 617 += 3.7 341 61.1 + 33 240 620 = 29 82 623 + 3.0 266 622 + 32 135 63.1 + 33
2012 Age-5 288 65.1 + 33 162 650 + 39 172 647 + 34 124 649 + 34 56 665 + 34 246 66.1 + 33 202 665 + 33
Age-6 19 679 + 41 2 669 £ 19 4 662 + 0.8 8 660 = 24 6 677 + 26 13 701 + 28 6 668 + 1.6
Age-7 1 649 £ 0.0
Total 499 63.6 + 4.1 396 63.0 + 43 545 62.0 + 4.0 395 626 = 3.8 147 641 + 39 548 640 = 4.1 349 651 + 37
Male
Year Age Shari R. Abashiri R. Tokoro R. Yubetsu R. Horonai R. Tokushibetsu R. Tonbetsu R.
g no mean + SD no mean * SD no mean *= SD no mean = SD no mean *+ SD no mean = SD no mean *= SD
Age-2 1 465 + 00
Age-3 30 557 £ 35 52 591 + 46 54 577 + 49 33 580 + 38 7 571 + 37 10 619 + 64 19 659 + 33
2010 Age-4 264 665 + 58 265 66.7 + 4.7 248 663 + 53 194 67.0 + 48 93 703 + 43 140 69.7 + 3.7 210 704 + 3.1
Age-5 228 719 + 45 107 712 + 55 156 724 + 42 136 714 + 4.6 229 737 + 49 234 741 + 44 112 723 + 35
Age-6 23 743 + 43 15 721 = 43 39 723 + 52 31 737 = 35 9 763 + 49 8§ 718 += 18 5 722 + 23
Age-7 3 733 £ 3.1 1 640 + 0.0
Total 545 685 + 6.6 442 671 £ 6.1 498 67.7 £ 6.7 395 683 + 6.0 338 725 +£ 55 392 721 = 5.0 346 708 + 3.5
Age-2 1 530 = 0.0
Age-3 17 569 + 43 29 574 = 33 82 577 + 33 30 60.7 = 33 10 58.6 =+ 45 33 613 = 53 41 624 + 4.1
2011 Age-4 244 654 + 48 310 647 = 49 264 640 + 45 183 650 = 49 66 657 + 44 214 670 + 42 261 675 + 43
Age-5 184 723 + 5.0 152 717 = 53 136 69.7 + 4.7 81 70.6 = 54 95 707 + 44 223 721 £ 38 39 718 + 5.1
Age-6 45 753 £ 39 3 668 = 07 13 714 + 2.7 3 677 = 19 13 725 + 22 23 709 = 3.0 8 704 + 40
Age-7 2 745 0.5 1 740 = 0.0 +
Total 492 68.6 + 04 495 664 £ 63 495 647 £ 59 297 66.1 + 58 184 684 + 55 494 69.1 + 5.2 349 674 £ 49
Age-2
Age-3 77 552 + 32 23 565 = 35 42 556 + 35 27 563 = 3.1 12 562 + 3.8 44 584 = 34 19 6l1.6 + 43
2012 Age-4 157 642 += 5.0 214 643 = 46 348 632 + 4.7 237 649 = 3.7 80 643 + 4.0 238 647 = 40 171 649 + 40
Age-5 244 688 + 42 153 68.1 = 55 142 679 + 56 128 672 =+ 3.7 56 679 + 48 203 693 = 39 154 683 + 4.1
Age-6 18 723 + 58 4 722 £ 49 13 70,6 + 33 7 679 £+ 4.0 6 672 + 40 12 727 = 29 3 677 £ 52
Age-7
Total 496 654 £ 6.6 394 654 + 57 545 640 + 59 399 65.1 + 45 154 651 + 53 497 662 + 5.1 347 662 + 45
Female Male
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Fig.3 Mean fork lengths of chum salmon captured in seven rivers in the Okhotsk Sea region from 2010 to 2012.
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Fig.5 Mean and standard errors of fork lengths of chum salmon captured in seven rivers in the Okhotsk Sea region in October
from 2010 to 2012.

Table 3 Mean and standard deviation of body weight of chum salmon captured in the rivers in the Okhotsk Sea region of
Hokkaido, 2010-2012

Female
Year Age Shari R. Abashiri R. Tokoro R. Yubetsu R. Horonai R. Tokushibetsu R. Tonbetsu R.
no mean + SD no mean + SD no mean + SD no mean + SD no mean + SD no mean £ SD no mean £+ SD
Age-3 6 20 £ 04 29 21 £ 0.7 35 22 £ 05 13 22 + 06 126 £ 00 21 27 +£ 03
Age-4 281 29 + 0.6 283 28 + 06 236 2.8 = 0.6 204 29 = 06 not 134 35 + 06 185 36 + 0.6
2010 Age-5 236 3.6 + 0.7 120 34 + 0.6 174 35 + 0.6 135 34 = 0.6 measured 248 40 + 0.7 136 40 + 0.7
Age-6 23 39 = 07 12 34 = 07 50 3.8 = 0.6 41 39 + 0.6 7 40 £ 09 540 += 07
Age-7 2 31 + 05
Total 546 32 + 08 444 29 + 07 497 3.1 + 0.8 393 32 + 07 390 3.8 + 0.7 347 37 + 07
Age-3 518 + 02 13 20 = 03 46 2.0 + 04 20 22 = 03 17 24 + 04 26 29 + 04
Age-4 224 27 + 05 311 25 + 06 297 26 = 05 173 2.7 = 05 not 214 30 += 05 279 33 + 06
2011 Age-5 219 35 + 06 166 34 + 0.6 136 32 + 07 101 33 + 0.6 measured 283 3.7 + 06 42 40 + 0.6
Age-6 46 36 + 05 528 £ 05 15 35 + 04 539 = 09 24 40 + 05 1 42 £ 00
Age-7 2 38 + 03 + 2 37 £ 0.1
Total 496 3.1 _+ 07 495 2.8 + 0.7 494 2.8 + 0.7 299 29 + 0.7 540 34 + 0.7 348 33 + 07
Age-3 27 19 + 04 8 1.7 £ 03 27 1.8 + 04 23 19 + 03 23 23 + 05 626 + 04
Age-4 165 25 + 04 224 24 + 05 341 25 £ 05 240 27 + 04 not 266 2.7 + 05 135 29 + 05
2012 Age-5 288 29 + 05 162 2.8 + 0.6 172 29 + 05 124 3.1 + 0.6 measured 246 33 + 05 202 33 + 05
Age-6 19 32 + 07 228 £+ 0.1 4 29 £+ 00 8§ 33 = 04 13 38 + 05 6 32 £ 04
Age-7 1 26 + 0.0
Total 499 2.7 £ 05 396 26 + 0.6 545 26 + 06 395 28 + 06 548 3.0 + 0.6 349 3.1 + 0.6
Male
Year Age Shari R. Abashiri R. Tokoro R. Yubetsu R. Horonai R. Tokushibetsu R. Tonbetsu R.
no mean + SD no mean + SD no mean + SD no mean + SD no mean + SD no mean + SD no mean + SD
Age-2 112 £ 0.0
Age-3 30 1.8 + 04 52 22 + 06 54 20 = 05 33 21 = 04 not 10 27 £ 09 19 32 + 05
2010 Age-4 264 32 + 10 265 32 + 08 248 3.1 + 08 194 33 + 038 measured 140 38 + 0.7 210 39 + 0.6
Age-5 228 41 + 08 107 39 + 1.0 156 42 + 0.8 136 40 + 0.8 234 47 + 09 112 43 + 07
Age-6 23 45 + 09 15 40 = 07 39 41 + 1.0 31 44 + 0.7 8 41 + 04 543 + 06
Age-7 340 +£ 0.6 1 23 + 0.0
Total 545 35 £+ 1.1 442 33 + 09 498 34 + 1.1 395 35 + 1.0 392 43 + 1.0 346 40 + 07
Age-2 115 + 00
Age-3 17 23 + 13 29 20 + 04 82 20 + 04 30 25 = 05 not 33 27 + 08 41 28 + 0.6
2011 Age-4 244 30 £ 08 310 28 + 0.7 264 29 + 0.7 183 3.1 = 07 measured 214 34 + 0.7 261 35 + 0.7
Age-5 184 41 + 09 152 39 + 1.0 136 3.7 = 0.8 81 39 + 10 223 42 + 038 39 42 + 1.0
Age-6 45 47 + 09 331 + 02 13 39 = 06 332 £ 03 23 40 = 07 8 39 + 08
Age-7 2 43 + 00 1 38 £ 00
Total 492 3.6 + 1.1 495 3.1 + 1.0 495 3.0 = 09 297 32 += 09 494 37 + 09 349 35 + 038
Age-2
Age-3 77 1.7 = 03 2319 = 03 42 18 + 04 27 20 = 04 not 44 22 + 04 19 26 + 0.6
2012 Age-4 157 28 + 0.7 214 27 + 07 348 27 + 07 237 30 = 06 measured 238 3.0 + 06 171 3.1 + 06
Age-5 244 34 + 07 153 32 + 09 142 33 + 09 128 33 + 06 203 3.7 + 07 154 35 + 07
Age-6 18 40 + 1.0 4 36 + 09 13 36 + 04 731 £ 06 12 42 + 07 336 + 09

Total 496 3.0 + 09 394 29 + 0.8 545 28 + 0.8 399 3.0 + 0.7 497 32 0.8 347 33 £ 07
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Distribution and biochemical conditions of shishamo smelt Spirinchus lanceolatus larvae and juvenile in coastal

waters off Mukawa River mouth
MITSURU TORAO*' AND SatosHi KUDOU*

'Hokkaido Research Organization, Doto Research Branch, Salmon and Freshwater Fisheries Research
Institute, Nakashibetsu, Hokkaido 086-1164,
*Hokkaido Research Organization, Salmon and Freshwater Fisheries Research Institute, Eniwa, Hokkaido 061-1433,

Japan

The spatial distribution and biochemical conditions of shishamo smelt Spirinchus lanceolatus larvae and juvenile were examined
to elucidate the early life history of this species in the coastal waters. Shishamo smelt were collected with sledge nets in the coastal
waters off Mukawa River mouth from May to July in 2004-2006. Shishamo larvae were collected from mid-May or mid-June, the
highest densities in each year were observed in a range from 12 to 14 °C in water temperature. The total length of shishamo smelt
collected was in a range of 9.3-42.4 mm. During the years of our study, the size distributions were unimodal. Although the
RNA/DNA ratio showed a high value of 4-12 in 15-20 mmTL, it decreased rapidly to 25 mmTL. And then the ratio reached a
constant level in 2-6 around 30 mmTL. The triglyceride/phospholipid ratio was in a range of 0.14-0.85, and was linearly related to

total length. The biochemical state is assumed to fluctuate with the body size class of shihamo larvae and juveniles, and was not

necessarily constant within the same year class.
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Fig. 1 Map showing the sampling site where the shishamo
smelt larvae and juvenile were collected in the coastal
waters off Mukawa River mouth. Solid circles indicate
sampling stations.
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Fig.3 Changes in CPUE of shishamo smelt larvae and
juvenile captured in the coastal waters of the river
mouth from mid-June to Early July in 2004-2006.
Vertical bars show standard deviations between the
sampling stations.

Table 1 Water temperature, salinity, and number of shishamo smelt collected in the coastal waters of Mukawa river mouth
Vear Date Water Salinity Number of shishamo smelt collected Total length
temperature (°C) (psu)  St.1 St2 St3 St4 St5 St6 St7 St8 St9 Total mean  S.D.
2004 12 May 53 30.6 5 24 0 6 0 0 0 0 0 35 11.48 1.48
27 May 7.2 313 1 6 40 3 0 2 0 0 0 52 15.45 1.53
11 June 11.2 310 201 3 15 119 39 161 277 5 143 963 18.50 1.42
24 June 14.3 30.8 17 78 140 62 395 146 58 34 94 1,024 21.83 1.72
8 July 12.5 323 6 2 21 192 107 148 125 258 67 926 26.55 1.88
2005 17 May 6.6 30.9 o o0 0 0 0 0 0 0 0 0 - -
31 May 10.0 30.0 288 119 606 142 48 254 20 146 270 1,894 16.20 1.34
14 June 10.1 31.2 8 232 190 47 376 385 24 190 193 1,645 19.66 1.53
29 June 12.5 324 108 386 518 50 27 456 1,160 52 20 2,776 21.96 3.77
13 July 14.3 322 34 79 231 74 1,000 448 18 18 102 2,005 26.87 2.22
2006 1 June 8.0 324 o 0 0 0 0 0 0 - -
15 June 9.6 31.1 359 293 64 242 742 o6l 20 25 1,806 N.D. N.D.
30 June 12.0 31,5 152 362 438 436 577 352 414 1,070 3,801 23.12 1.83
20 July 16.4 322 324 279 443 457 448 211 67 321 923 3,473 29.73 2.94
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Fig.4 CPUE of shishamo smelt larvae and juvenile and in
relation to water temperature (°C) from 2004 to 2006.
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Fig.5 Seasonal change in size distribution of shishamo smelt
larvae and juvenile captured in the coastal waters of
the river mouth from 2004 to 2006.
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Fig. 8 Relationship between total length and TG/PL ratio for
shishamo smelt larvae and juvenile from the coastal
waters of Mukawa River mouth during 2004-2006. A
significant correlation was observed between TL and
TG/PL ratio in the three year-class.
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Current status of naturally-spawning masu salmon (Oncorhynchus masou) populations in Shiribeshi region, Hokkaido,

northern Japan (Note)
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AR = D AFFBAHT N bR MG 2R TA R — 7 if
INFEONA, S B EE D DIREICE DN L
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