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Sea Surface Temperature Measured by Satellite Remote Sensing and its Effect on

the Return Rate of Chum Salmon in the Eastern Region along the Okhotsk Sea

Yasuyuki Miyakoshi*', Mitsuhiro Nagata™ and Sei-ichi Saitoh*’

Abstract Chum salmon Oncorhynchus keta returning to Hokkaido is currently reproduced by intensive hatch-
ery programs. Early marine life is thought to be a critical period when the mortality of the juvenile chum
salmon is high, and the coastal environment, as well as the fish quality, is a factor affecting the success
of the hatchery programs. This study examined the effects of a number of juveniles released, the mean
weight of the juveniles at release, and the coastal sea surface temperature (SST) on return rate of chum
salmon in the eastern region of the Okhotsk Sea coast, off eastern Hokkaido, from 1991 to 2001. Coastal
SST was measured using satellite remote sensing (NOAA/AVHRR). The timing at which SST first reached
8 C and the mean SST from 25 May to 1 June had significant effects on the return rates of chum salmon;
ie., the higher the coastal SST in late May, the higher the return rate. This indicates that the coastal SST
during the short period when hatchery-raised chum salmon migrate to the ocean would be a critical factor
determining the survival of chum salmon released in the eastern region of the Okhotsk Sea coast. The effect
of fish size was insignificant within the range from 0.92 to 1.17 g in this study, although the mean size of

juvenile chum salmon released is gradually increasing because rearing facilities are bringing improvements.
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Fig. 1 Study area in the eastern region of the
Okhotsk Sea coast, Hokkaido.
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Fig. 2 Number of juvenile chum salmon released
(in rivers: open bars; in coastal waters after rear-
ing in net-pens: solid bars) in the eastern region
of the Okhotsk Sea coast, Hokkaido, from 1991
to 2001.
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Fig. 3 Daily number of juvenile chum salmon re-
leased in the study area in 2001.
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Fig. 4 Mean weights (g) and return rates (%) of
juvenile chum salmon released in the eastern re-

gion of the Okhotsk coast, Hokkaido, from 1991
to 2001.
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Fig. 5 An example satellite image of the sea sur-
face temperature measured by NOAA/AVHRR, 8-
days (25 May-1 June 2000) composite with a
spatial resolution of ~ 9km. Squares in the east-
ern Hokkaido indicate the geographic sites where
SST values were extracted.
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Fig. 6 Timing of the optimal SST range (8-13 °C) for the residence of juveniles chum salmon in coastal

area in 1991-2001.
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HEE, HWAET6H18~25H (522% H o IR,
19914F), WA TIZTH20~27TH (55267 H 0B,
19974F) ThoTz. 8~13CTHR LR IIL, 20
(19954%) ~5HAM (19974F3 L UR20014E) THh - Tz,

BRYRHTIC Z 0, B Rt ol &R, i

Fv A R, BRKIE L OBIREBRE LSRR, Bl
ERERBRAD SR BRI, REAKRESIZLD
T8 CIZEET B (P < 0.01), IZLHTIICHEIM#
Z T2 (P < 0.05), 5H25H2256H1H OO
K (P < 0.05) ©32>TH-otz (Table 1), Thb
B, WK CITET D ORHWTE, DIV
13 CEBZ % ONFUNE L BYRFE DS < 72 5 A3 A
b (Fig. 7). SHHMAS6A hac» T, $17
~21%H 05> O DK & B EORGRER D &,

Table 1 Summary statistics of simple linear regression analyses for return rate of chum salmon released

in eastern region along the Okhotsk Sea

Regression Correlation

Range coefficient coefficient: r P
1) Number of juvenile chum salmon released (million fish) 96.5 - 111.4 0.000 0.084 0.806
2 Number of juveniles released from net-pens in coastal areas 40 - 106 0,001 20070 0848
(million fish)
3) Proportion of juveniles rel%ased from net-pens to total num- 39 - 99 -0.090 20047 0898
ber of juveniles released (%)
4) Mean weight of juvenile chum salmon at release (g) 0.92 - 1.17 0.041 0.081 0.813
. . . o 19th 21st .
5) 8-days period of coastal SST first reaching 8 'C @5 May-1 June) ~ (10-17 June) -0.032 -0.771 0.009
6) 8-days period of coastal SST first exceeding 13 °C s oy 0021 0638 0047
7) Number of 8-day periods of SST within 8-13 ‘C 2 - 5 -0.001 -0.030 0.934
8) Mean SST from 9 to 16 May (17th 8-days period) ('C) 0.8 - 6.2 -0.142 -0.072 0.853
9) Mean SST from 17 to 24 May (18th 8-days period) (‘C) 3.8 - 7.1 0.005 0.150 0.680
10) Mean SST from 25 May to 1 June (19th 8-days period) ('C) 5.9 - 8.1 3.100 0.763 0.028*
11) Mean SST from 2 to 9 June (20th 8-days period) (°C) 5.0 - 9.9 0.001 0.045 0.902
12) Mean SST from 10 to 17 June (21st 8-days period) (C) 6.3 - 12.8 0.003 0.141 0.698
* P < 0.05 ** P < 0.01
20 20
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2 15 L <)
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g c © o
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Fig. 7 Relationships between the return rates of chum salmon and SST timings first reach or exceed the

8-13 °C range in coastal areas.
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Fig. 8 Relationships between periodical mean SSTs and the return rates of juvenile chum salmon.
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Fig. 9 Examples of satellite images during the period 25 May-1 June, in relatively high return years (1991
and 2001) and in low return years (1996 and 1997), respectively.
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Mark-Recapture Estimates of Escapements of Masu Salmon in a Small River

Yasuyuki Miyakoshi*!, Tatsuya Takami*', Kiyoshi Kasugai*', Hajime Omori*" ?
Katsumi Takeuchi*' and Mitsuhiro Nagata™

Abstract The numbers of masu salmon spawners Oncorhynchus masou returning to a tributary (Hidarimata
River) of the Atsuta River, Hokkaido, in 1998 and 1999 were estimated by mark-recapture experiments. Adult
masu salmon were captured by electro fishing in July and August, marked by placing a punch hole on the
operculum, and released. Spawning grounds were surveyed in September, and marked and unmarked masu
salmon spawners, including carcasses, were recovered. Numbers (£ standard errors in parentheses) of masu
salmon estimated by the Petersen method were 344 (+80) in 1998 and 412 (£61) in 1999. The recapture rates
of the marked fish differed by gender, which would be caused by the difference in their post-spawning be-
havior. Spatial biases in the recapture rates were detected, as was the incomplete mixing of marked and un-
marked fish indicated. Mark-recapture can be an effective method to estimate escapements of masu salmon
in a small stream where intensive sampling is possible. Stream surveys should be arranged carefully to sat-

isfy the assumptions of the mark-recapture method.

Key words : 7 <X, #Hf, #L, EERHEH, Petersen i

W2 < A Oncorhynchus masou 1%t HAIZH 1T
HEAPHRITHT TOEERMBERRO—DOTH D,
AR DAL HEHETR T O R IR AR 5T
W5, ZOTch, AFOWEIEZ HM & UICHENRIEO
M NED b b L e bic (FEil, 1992; &E,
2006), FHNTH LTV 7 T < AP AOTHREL
bNDE, HAHAEERROHR X OIRERMN S
nTnd,

IREBEIROEHIZRBNT, EIHAROR IR D
HEARNPOBEERFHO—DOTH D (IBH, 1996).
Wk Tl oMl EREOERIZIL SN - < A
MOBREHMTONTEY, HEHIEICONTOH
mb i < »bERSNTEZ (Cousens et al., 1982;
Prouzet and Dumas, 1988)., ¥4 - <~ RO B4
FREEEET D HEE LT, BRI T 2
REWTERE, BB a7 & — %o 122

U JbHEE N K EER LS (Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaido 061-1433, Japan)
BT - dbiEE L E KRR Y (Hokkaido Abashiri Fisheries Experimental Station, Masu-ura 1-1-1,

Abashiri, Hokkaido 099-3119, Japan)
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P ORE, Bk, B, ARSEORIMNZR L,
HARLOBHZENTWS (rvine and Nelson,
1995), fAFECHJINC & 0 W B, PEONIST, fadk
A R7p ENTENDRD B Ted, WY HEE J7 1 R
WX TRRDH, —KIT, 7zr AEMANEEN
EOEBEORWHEE HEE S Tnd, LAL, 7=
U ADRKE, MEHTIIRERNE R, Fi, HKITE
BRI D Te D ICHE BRI/ D Z L b
W, —77, BRI ARE N 28 2 5h3 L L
RN, 72 AKX DHEEICNRDDHEEHBEE L
THBIZHH SN Twb (Cousens et al., 1982;
Irvine and Nelson, 1995),

—%, HAOR)INZH L3247 7 < ABifaxErR
PNZFHAE L 72 WG IR T ic i, B0 5~ 28D
W~ EIZRFIHEVKETORBIZHR
(Fe &5 - gk, 1985)., F7z, Wl EZBDIENY OH
7 5= RAIRADRETH Y, BEELST WD, fi
HEZ X BHEEZIIRT V. ZO X5 REFMSY 7 5
~ AP0 ERBOEEZRHICL TnWDd, i
S - E9 50 (1969) 1319654F 1 Ak 0> 1467
JINZH E LT T < AP D BEZHN TN D03,
Z OHEEITRIT B A R & L Sh, WIS h
TRV, 751 LT 2 i %8 > C RS
Pl ERFIEL THD)ITD H D0, BKRHZIZY Z 1

BT ET B/ NEZ 0D, HEHRENA
RUFIUE, fERELT L DM ERE ORI L 13k
153720, RMOTNITIEY 7 T~ A %5 %L Lk
ERTPONTRY, Z 5 LB CldifE R s G
BOFEELTHWSZ L b ARETH D28 (FRE -
J#, 1985; -1, 2000), Jt#gEOw)ITIXEZEIXTH
nTnign,

51X 19984E L 19994 D2 4, ALl H A 14l
ZHEN B EI) D— R FICB W TR I X v
T < AP O LR OHEE Bl AT, R TIEE
OWMEFERL D, INEJITOY 7 5~ 2 EREH 2
IR B R OB IER X OB OV Ciltam
T 5,

MHBELVAEE

AR

A & UCEE L N, BARE 2 fi
ZIER29.8 km, WRIKMIFE253.6 km*DW)IITH 5.
FAAIZER)IKR Tl b RER LR TH 2 L )IITHE
iU 7z. ZERE)INTHBIER13.2 km ©, W12 55913
km OHR TREBIIARKICEHRET S (Fig. D. ZERII
X EfiD B TR E TOIRWHIPATY 7 T~ ZAD R
BB, HRHZ LR I3 fiEs < ORISR S

Upper marking reach

Falls =

ik r.. 1 | - -,."'FH II i | .
P >
"= ™ Hokkaido
"ol .'J Sea of :'#- || [
A Japan /.4
! [
Sl 3o fd *  Pacific
[ ‘,'-r' : at
o i Ocean
_II ¥

Sea of Japan

Hidarimata River

Lower marking reach&
=

Atsuta River 1 N

0 5 km
I T |

Fig. 1 The location of the Atsuta River in Hokkaido, northern Japan. Marking reaches and recovery
reaches (shaded areas) in the Hidarimata River are indicated.
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N5 (A5, 1999), EBJINTIZWL<Oho k%
WDV, 22XV I I<ARBET S, Ktk o
AFAE VL km EFROHTIZIZY 7 T~ 2058
ETERWHERS DT, V7T ADEREIZZ D
WEY S FHOMATH D, LRI ONIRE T i
(KL OAFAELL) TI0 m B, b (FEo
THAD TIE4 mBETHD (199946 HANE) . &
FHNA S i 196547 IR K IR 2 ST Y, JA
i, V7 52 R ELT T OKEBY OB NLE
LoNTNWS, £, BENIITIEY 7 F < AOENIK
FITONTHRNDT, ARFZEOL 4 & Uik
TARTHREIC L BV 7 F< A TH D,

P AT R Y 13 19984F 33 L TN9994F D 2 o 4R Sl L
Teo V7 T ZABAOTAB L OEGEBRIE, 19984
IIXTH28~29H B X8 A11~12H »2[nl, 19994F1T
IXTH21~22H, 8H12~13H, 8H26H M3ME%EHiL /=,
BAOAOBRINIAR & OEF LD 1i2.8 km DX [H]
(FHEH#XMEET) BLOARHLEOEFHA1ST4
km OS2 S EFE2.3 km O (EFREFIX &
) O22o0RXMTIo (Fig. ). #HhicixIi
TV 7 hua7 4 v ¥y — (Smith-Root 1%, Model-
12, DC 300V) B X H#%60cm Oz b s, =
L7 ha7 a4y v — OISR R T I8
BRI, BiLIY 2 5~ R3S el 2
EL, BXEBXWOPOH L 7 A (postorbital-
hypural length : iR# O 25 NEGHRUE TO
&) sk L7, POH L > 7 R%EHIEL DI,
V7 5~ ZITEEIREIC A2 5 & LE R IC R 3 E T
5oL (HEl, 1992), METIEEINFTEIC X Y RBIER
HG LR XEZWETERWEAERL WD TH S
(Anderson, 1996). HIEH#, ke LT, 1IRK—L
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B

JERINTOY 7 T~ ZAOEINI8A FH)H HIH 1)
JTHRBNRD (B#b, 1999), 22T, 9 Lahrbd
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oo TH I I AR EIToTc. Y7 T < ADRELN
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FHAEZEE BRI L4200 TR L Clio e

(Fig. 1o AL TRE2 D ERIZI»-THE, &
bl I T E B 2 BRI U e BEDNER %
o TWABREE, WM~ T 127 v EEIIRLE & bt
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HEEHDHEE
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DOIiFEPREREEA T X D5y, i) Bk LR
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DHEY O REICE Y, RS I\ A5
FNCRE B DRI —RRITIRA LTeh & 5 A& i L 2.
1) BT — % % Bk e THROERXE (Fig. 1
S, FNENORRNTR W TEES S Lz 8k o il
RERB L (HE).
2) FT—ZELERE ZREHR @RREOAFRHE)
o, WG T OBEHSADORAEREZ KL 2
(x "BE) »

INH O METIIHEAREL P = 006 LTH
H bR L7z (Dixon and Massey, 1983),

Table 1
Hidarimata River in 1998 and in 1999

g

REBRE L UERE

1998413872, 199941212992 DY 7 T~ ZEfa %
BiL, BEkL7 (Table 1), ¥7 F~ RIEi4E L
b 7HICIZ R PR TERA S e s, 8H I
TRTORMBEIZ 2L 2y, ERERRXRHT% <
7otz (Fig. 2), EFLEY 7 I~ XWX
199844316 © 1, 19994E1X1.5 : 1 TH o7 (Table 1),

Numbers of masu salmon captured, Petersen estimates, and capture probabilities in the

1998 1999
Ratio Ratio
Female Male Total (female: Female Male Total (female:
male) male)
Number_ of fish . .
marke 54 33 87 16 :1 60 39 99 15:1
Number of fish . .
recovered 41 20 61 21:1 88 62 150 14 :1
Number of marked . .
fish recaptured 13 3 16 43 :1 18 19 37 10:1
Petersen estimate 165 179 344 09:1 286 126 412 23:1
Standard error 35 72 80 57 23 61
Coefficient of
variation 0.21 0.40 0.23 0.20 0.18 0.15
Probability of
capture (MaS;king) 0.32 0.15 0.26 0.20 0.31 0.25
Probability of
capture (Rec}gvery) 0.24 0.09 0.18 0.30 0.49 0.37
Late July Mid-August
40 40
< HMale H Male
1998 3%’ 30 OFemale é 30 OFemale
o k]
g 20 [ g 20
§ 10 + E § 10
0 L . 0
Lower reach Upper reach Lower reach Upper reach
Late July Mid-August Late August
40 40 40
= HMale H Male HEMale
[ < =
1999 % 30 OFemale :"E’ 30 I OFemale g 30 ' OFemale
520 o 20 | o 20 |
o 2 3
g 10 + £ 10 + E 10 t+
z p— z Z
0 0 =, 0

Lower reach Upper reach

Lower reach Upper reach

Lower reach Upper reach

Fig. 2 Number of masu salmon captured and marked in the Hidarimata River in July-August 1998 and 1999.
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9H OFHHIRFITIX, 1998413612, 19994E1Z150B 0
Y7 S5< 2% Lz (Table 1), fiffiREOYE —
20%, 19984FITIZOH B2 5 hA), 19994E121X9H h
s TR TAHALNE (Fig. 3). 05 HE
e LTSN b 0, 19984131002 (THp),
19994E1%16)2 (ME14R2, ME2R) Thot. Biish
e s 5= AD 5 LI AIX19984E 2192 (HE16)2,
HE3JR), 19994E1X37R (HE18FE, Hi19R) Th-oTk
(Table 1). FfilFDOY 27 5~ 2 DO MEHEHIZ19984FE 53
2.1 : 1, 19994E751.4 : 1Th-oTe. FfLE L2 H i
Ed, B L HIE oML X O POH LY 7R
OFIMCIIH B REIAB N o e (ML
Y HRE, P> 0.05, POHL Y22 t#HiE, P> 0.05
Table 2),

1998
80

70
60

M Male
OFemale

40 +
30 |
20
10 r

Number of fish

| —

9/8-9 9/18 9/24 10/2

Number of fish

HEEHDHETE

B EIT 19984 8 X TN9994E Z N2 26%, 25% &
WRIEF UL & A2 o Fe s, FEAHHH 31319984 4318%,
19994 7337% & 72 0, fEAHIH R ITIF2ERB TR E &
HENRAR BN (Table 1), MElERNIZA S &, ik
K, BEAHHER L DITHEOIE S 25 XV D AER 0N
MREN o7, Petersen EIC X DY 7 < Xl L2
BoOHEREM FEIRAIE £ EEHEGRE) 1%, 19984 13 i
165 (£35) F&, 179 (£72) FB, WERERF344 (£80)
F&, 19994F 13286 (+57) F&, HE126 (£23) J8, M
ERt412 (£61) B TH o7 (Table 1), 19984FE1TiX
Tk DR O PR B3 & A e T D ITHEE K B
<, EEREI40% & 7R o T,

1999

H Male
O Female

al=

1

9/28-
29

9/15  9/20-
22

10/6

Fig. 3 Number of masu salmon recovered on the spawning grounds in the Hidarimata River in September-

October 1998 and 1999.

Table 2 Post-orbital hypural lengths (cm) of masu salmon recovered on the spawning grounds in 1998 and 1999

1998 1999
Category Female Male Female Male
N Mean *= SD N Mean = SD N Mean = SD N Mean = SD
Marked 13 384 £ 34 3 323 £ 73 18 383 £ 30 19 333 £ 34
Unmarked 28 409 £ 51 17 359 £ 438 70 394 £ 33 43 347 £ 52
Total 41 401 £ 47 20 352 £ 52 8 391 =+ 32 62 343 =+ 48

*

marked fish.

Differences in the length distributions were not significant (P> 0.05; Kolmogolov-Smirnov test) between marked and un-

** The relationships between fork length (FL) and post-orbital hypural (POH) length in July-August were;

1998;
1999;

female: FL(cm) =3.92 + 1.13 POH(cm) (R*=0.968, P<0.001),
female: FL(cm) =5.89 + 1.08 POH(cm) (R*=0.855, P<0.001),

male: FL(cm)
male: FL(cm) =-0.65 + 1.30 POH(cm) (R*=0.984, P<0.001)

=111+ 1.31 POH(cm) (R*=0.979, P<0.001)
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EHALRERADESEADME BEREZHZSNRP -T2 WBEL P = 01168 X
RERIGITIT K 2 B O T, B IO fsn CHE2: P = 0171, Y2 TAEBDRNEDIT,
Tk B REHADRBARITIIZHIEL b REREVRL @=0.05& L7238 oMM INTZEN 240348 X 10.27

51 (Tables 3&4), 19994 IZIFVTHOBRETD L& o Tz,

AERERHRONT. (P < 005, —7, 19984:iTid

Table 3 Numbers and recapture rates of masu salmon marked in the upper or lower reaches in the Hidarimata
River in 1998 and 1999

1998 1999
Marking No. No. No. fish No. No. No. fish
site fish fish not Recre;lpt)éure fish fish not Re(i%}zéure
marked recaptured recaptured marked recaptured recaptured
Upper reach 20 12 38 0.24 68 34 41 0.50
Lower reach 37 4 33 0.11 31 3 21 0.10
Total 87 16 71 0.18 99 37 62 0.37

Table 4 Numbers and mark ratios of masu salmon recovered in the Hidarimata River or its sub-tributaries in
1998 and 1999

1998 1999
Recovery No. No. No. fish No. No. No. fish
site fish marked  unmarked ll/gtlir(lf fish marked  unmarked 1}@?{(1;
recovered fish fish recovered fish fish
Hidarimata R. 33 11 22 0.33 106 32 74 0.30
Sub-tributaries 28 5 23 0.18 44 5 39 0.11
Total 61 16 71 0.26 150 37 113 0.25

LEZBND, AFFETIIRNSL LT DEBREORE X

= = 12300~400BFLE & k& iFenb oo, /NJIlDT
DEAOBBWWRAMSEON, Eio, ENBOFHTH
19984E 36 K UM9994E,  JE IS ZE B NI I TR FULIIINE D I TE 5 Z L2 n, BEkmmIC X
AT X 0 7 T~ 2B O EREOHEE 2, DHEEITHE R TR A D Z R TER DO LA
ZORER, WfEEDE Y7 5~ 2B a0l ERE b,
IX19984FA3344)%2, 19994EAM1218 Ll Sz, 28 L, WMEERNZRS &, ol REHEE o K
BB ENEN23%, 15%THY, ZOMITHy - < SHRABNE o Te, HEORERE, BEARMEFRITZ
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Winter Behavior of Juvenile Masu Salmon (Oncorhynchus masou)
in the Stream of Southwestern Hokkaido

Miki Kobayashi, Kazutaka Shimoda and Katsumi Takeuchi

Abstract Ecological studies on the freshwater life, in winter, of the masu salmon Oncorhynchus masou were
carried out in a small stream, Oyobe River, in Southwestern Hokkaido during the period 1994 to 1996. At this
time of year, their fish were caught principally at low velocity and with the shaded areas with an abundance
of plants. From December to March, they had grown little and their mean fork length remained at only about
10 cm. On the other hand, from October till December, just before the heavy winter, significant growth is ac-
cepted as well as active feeding for the overwinter. It was observed that the fishes in the downstream region
become bigger than those in the upper region. Moreover, the inclination of the sex ratio is accepted by the
valley and it became clear that the rate of females increases according to a downstream region. The rate of
males to females in the downstream region was a mean 66.7% from 1994 to 1996, while the average Index of
the stomach contents of juveniles was 0.63 £ 0.80. As the 0.34 £ 0.27 (minimum) was shown seasonally in
January, it was suggested that the weather conditions of winter were very severe. In order to investigate the
winter movement of juvenile masu salmon, 841 fish which were captured at the sampling sites were released
with clipped fins. The number of marked fish which were recaptured was 94 fish in all (11.2%). It was recap-
tured at a point other than that where ten fish had been released, and shifted to a downstream point, in
which three fish went on a maximum of 4,200m. The race maintenance, from the biological perspective of the
juvenile masu salmon resources, and further, when targeting increased resources from an industrial viewpoint
the living space environment of the winter habitat in the lower region is vital, and it is important to take into
consideration the environment of a lower region synthetically, apart from living things and a human side,

putting the winter rearing habitat reclamation in the lower region into view.

Key words : %7 7 < 28fa, BA{TH), ik, MEMEE, TR

P27 T AL, WHEABRPIEL VI EHTH Y WHEITIS U 2RI T b U RIS THERR L, IR
O RERD O TIIEESkg ik %, JiRE KA NFELW (F1E, 2006). AROEHEIEHRAHL L
RREOLPSHELITPIT TOEERBIENRIEE LT TWAERNO—D L LT, &iFED355 028 2w
FHEShTn5, —T, BlEEO%NL ML L WREET 2 Z L B3HTF b5, FMAROKER, Mo
HOENTERLD, ZORBIIHUSNTRL, EHEOI AL, #REGEEE ORI BB OSBRI, K ET

JbigiE LK EEWRLYS (Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaido 061-1433, Japan)
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RENIOBE

BRI, H AU HR IR A L, ISR C
387 km’, WMMIERTI13.2 km, WiSME2 km' Lk
DLFARZH L I R#EAK IR ZE O/NFNTH 5
(Fig.1). WHP 5B EZ9 km £ E TOMRJINE) ELIZ
fEsl A BB L Z0.6% (100m / 9,210m) & #Een
THV, JFIKiZ3a v (Phragmites sp.) v
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T I
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Fig. 1 Map of the sampling sites in Oyobe River.
The open circles show the sampling sites.
Numbers in parentheses indicate the distance in
meters from the river mouth. b : Dam with fish
way.

BRI, REKIFRAR (Ll KR
5, 2006) 1T KX, ¥4 (Oncorhynchus keta),
27 < A(Oncorhynchus masou), 7 A<A(Salvelinus
7 2 (Plecoglossus altivelis), 774
$H(Tribolodon sp.), /771 % (Cottus nozawae),
v % 3 U i (Chaenogobius sp.), I /R HH(Rhi-
nogobius sp.) TH 5., T, AFALTY I X (Hy-
pomesus trarspacificus), H % 377 Y 7 (Cottus
hangiongensis), 7 7 K< a7 (Noemacheilus toni)
DED, HEIRTFOOHDNREDOTZ T N T
k (Salmo trutta) b B TR I N, S HIT, IE
T =Y <A (Oncorhynchus mykiss) D4 b id
RSN TND,

leucomaenis),

HEFABLEAE

199442 A 7> 53 A, 1994410 A 2> 5199543 H ,
19954F10 H 5> 5199643 H IC i A & 17> Too A E 55
%, WA 56,000m EFEoH S AR EfA Stle L
T, RFiZms->7T St.2(4,500m), St.3(3,000m), St.
4(1,200m), St.5(300m) D55 M A BEE L (HL,
19934F %1% St.1, St.2, StADFAIIIT> TRV,
T, TNHENE P MTEREXEREL, St
Aif4%284m X[, St.20FHi#300m X[, St.31XAT#%280
m X[, St4iERi#388m X[, St.5iEHi#%242m X[
ELTHERMICAERT 207 7~ R 0BRMEZT-
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Teo BESHEL, =L 7 ba - 74 v ¥ ¥ — (Smith-
Root #H#) L (12mm H) MWz, il
RITZOBTRYE, FHE (WHEERE) ZHEL K,
HEERBANEIC & > THMIZHE LT, Bl TOREIT
ERWGEE, MERE CTHFREAF DR ek, Bl
BFRICHEL, HENEHE L. £, LRI
SEMREZADL HNTHEZRHLL, SAVATATE
N10% W ClElE Lictk, THRIR®E, BLOAR
WEm Y B UERERE L. 2B, BEARIIAE
H20fEE e U, ZRUCHi VWA ee Lk,
19944E10H 24 H ORAEFIA TIZ, SaOKFENLLL
FICRIFL2BHEDOTH ZH LT HHNT, &E
HTRELEDMDOEXE, REZHEL, €HITL
DO EFREICT D700, JeiE L3, B TIE, R
ERYE, BikE, BEEIC, BEUIY I X DREER ATV
Lo

F 72, 19954E12H 5 5199643 H 1223 T, St.3iT
KT — & v i — Ze il LR & & oK 25l L
7zo

B/ R

PRIGISAT & M B R

SIS b B4 U T e Tl R AL & Tablel iz 2z Lz,
1993411, 19944E2 8 & 3H o FitisaRA IciRE L,
St.3& StED2H I OfERE R LT, LZEMART St
3T88fE, St.5T205EDLFANERM ST, 19944F )
1, B TOL I EZTY, St1TI6R, St.2T222k,
St.3T158)8, St4TIT7)R, St.5T206/8D 4859k

DY A LTc, 1995421, BiEFBEOE R TE
NZEN206, 340,144, 73, 115ZDEHST8E &AL
Too BT TRTL I N w7 vayh—itk?
HOT, R TIHIRDRITTEAerol,

FHEIIEN TN OE S HRFEO LIRS 4,
SNTVWDZ L, WIDOFRESENT & (FRIVISHER
TERVWHPDTNICHRTEDRNE), HAPELD
BVITHERE L TWB Z L o3& iz sk, &5
12, BAFRRE S Y OB SN InXTIE R CHhl
THY, BAERSINImD TRESNTND Z LR
AMbNT,

Flz, FRBIOMEREOBHEIL, 19934 98,
119558 (F1293F3), 1994440352, #fE456F2 (FI8
59F2), 19954FREi451R8, 427 (GI878R) ThH Y,
FHATTE SBORTE72 2 19934F )8 DIAMFIRIFHALL U T B
RBET, MEoRN T IZEZTRD bR,z (G
Test, 1>0.05),

—77, WH» 5 OREEEZE % U o2 il o M A
Fig.2lZR LT, AR E D EIRICIT < I2hev, o
BAHIANE < 2 d L, Wi X 2L oM#ER A
BIZA» BN (G Test, P<0.01), # Nl St.5
R DD HDDEEIIIHEL L BRI,
19934 )5 73%, 19944EJ£69%, 19954F /& 58% T -1
66.7% %R LT, —F, f BEREBICRIT DM,
FHAT AT 2 TOIRNI99ESE & BRIV CTREDSHE A B Y,
19944E561%, 19954E1560% %= Uiz, iz, A
5#3000 m H#hEH D St.3IATIEMIITAE TR L1E
72 BAE M &R LTz,

Table 1 Number of male and female juvenile masu salmon caught at the sampling sites in Oyobe River, from

December to March each year, during the winter

Number of fish

Year Sex
St.1 St.2 St.3 St.4 St.5 Total™
Female —* - 46 - 149 195
1994 Male - - 42 - 56 98
Total - - 88 - 205 293
Female 37 97 75 105 142 456
1995 Male 29 125 83 72 64 403
Total 96 222 158 177 206 859
Female 83 146 83 48 67 427
1996 Male 123 194 61 25 48 411
Total 206 340 144 73 115 878

*1 St ~ St5
*2  Uninvestigated ( no data )
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Fig. 2 The ratio of males to females in juvenile
masu salmon caught at sampling sites in 1994,
1995 and 1996. The open bars ( [0 ) and solid
bars ( B ) show male and female, respectively.
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Fig. 4 The average fork length, body weight and
condition factor of juvenile masu salmon caught
at the sampling sites in 1994, 1995 and 1996.
Values are represented as means and standard
errors. Bars with the same letters are signifi-
cantly different ( capital letters : p < 0.01, small
letters : p < 0.05 ). A : 1994, @ : 1995,00 : 1996.

, EFMIStl (19944 © 10.0£6.0g, 19954F f&
13.2+4.6g) IZHMEL St.4X v FHM O ESiLh K
TVl AR LTe, —J7, MREEIRARRIT & 2 HIE DS
HH, 19944E 13 St.3THbE s & W R IR EAS
RENTD, HEMICR T 2 —EOMAI#ED b
Motz, Eiz, 19954EFE1X, & Lo St1TE DM
EE IR L, ARICHWEZ R L IS o
BERAENRRD b o T,

BRNBEEXK

ZERUTRIT B T 0 B ARE L A 07K
BOZFHIEALE Fighlom Lz, i LcdhfanFy
B A RS #3063 £0.80T, 1HICHED0.34+0.27
aRUlc, Ziux, 127 (065£11) & ozt
ARAETRD N oTend, 2H (0.66+£0.68) B
FO3A (094+079) LEHKLABITE? -
(Steel-Dwass Test, p<0.01)., & ZRL7Z1H
IR L, AR TEI ORI 5 b s,
27 L3 O KIEB2ZCHEE STz d 2 0vb 533
DOEPFRITHVMEZ R L, BEITEOERLZR T
D DITAKIE LA DFER DMEN TN B TTREMEDS 9 23230
iz,

—77, EBAEMNOENERERIL, &L $0.6R1#%
DfizR L (Fig6), # LR A St.1AY FMIE S St.
4L StSL TR LA RITH WEZ R L A
(Steel-Dwass Test, p<0.05), Hu S OHEARz21X

1.2 4.0
St N O
s 101 35 &
g 08 -3.0 ¢
=] . - E
g = L 15 §
E 0.4 9 +
% - 1.0 B
02 1 Fos 2

0.0 0.0

D J F M
Month

Fig. 5 Seasonal changes in the stomach con-

tents index of juvenile masu salmon caught at
the sampling sites and in the water temperature
in Oyobe River, from December 1995 to March
1996. Values are represented in the form of mean
and standard errors, while bars with the same
letters differ significantly ( p < 0.01 ).
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Fig. 6 Stomach contents index of the juvenile
masu salmon caught at the sampling sites in
Oyobe River from December 1995 to March 1996.
Values are represented as mean and standard er-
rors. Bars with the same letters differ signifi-
cantly ( p < 0.05).
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Table 2 Number of marked fish recaptured at each sampling site after release on the 24th October, 1994

Release Recapture

Site Number of 19.Dec.1994 30.Jan.1995 27 Mar.1995

fish Inside Outside Inside Outside Inside Outside
St.1 187 9(4.8)*! 2(St.2, 3)* —* - 7(3.7) 1(St.2)
St.2 277 21(7.6) 2(St.5) - - 14(5.1) 3(St.3, 4, 5)
St.3 175 14(8.0) 0 6(3.4) 0 3(1.7) 1(St.2)
St.4 184 7(3.8) 0 2(1.1) 0 1(0.5) 1(St.5)
St.5 18 0 0 0 0 0.0 0.0

St.1~St.5 841 51(6.1) 4(0.5) 8(1.0) 0 25(3.0) 6(0.7)

*1 The numbers in parentheses indicate the ratio of the marked fish recaptured to the marked fish released

at each sampling site.

*2 The name of sites in parentheses indicates the recaptured sites of marked fish, which had moved from

a release site.
*3  Uninvestigated ( No data ).

Table 3 Movements of marked fishes, which had moved from a release site after release on 24th October, 1994

Date of Release  Recapture Movement Fish size
recaptured site site Direction Dsistance(km)*' F.L.(cm) B.W.(g) Sex
St.1 St.2 lower 1.5 8.8 94 —*
St.1 St.3 lower 3.0 9.6 10.5 —
19. December. 1994 St.5 lower 42 9.1 9.7 -
St.2 St.5 lower 4.2 9.7 10.0 —
St.1 St.2 lower 1.5 11.0 13.7 Female
St.2 St.3 lower 1.5 9.6 11.0 Female
St.2 St.4 lower 3.3 10.9 11.2 Female
21. March. 1995 St.2 St.5 lower 42 8.4 83  Female
St.3 St.2 upper 1.5 14.9 35.4 Male
St.4 St.5 lower 0.9 11.5 18.9 Female

*1 Approximately the distance between the release and recapture sites.

*2 Fish were re-released therefore dissection to determine sex was not performed.
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Release Experiment of Tagged Age-0 Masu Salmon Smolts
Reared in the Iburi Region, Hokkaido

Makoto Fujiwara®', Katsumi Takeuchi®', Yoshitaka Sasaki™
and Yasuyuki Miyakoshi™

Abstract In Hokkaido, juvenile masu salmon (Oncorhynchus masou) smoltify after 1-3 years' freshwater life.

At the Mori Research Branch of the Hokkaido Fish Hatchery, age-0 masu salmon smolts can be produced

under accelerated rearing conditions using warm water during winter, and recoveries of age-0 smolts were re-

ported. However, the rearing conditions were not usual, and it was thought difficult to produce age-0 smolts

in the other hatcheries. A private hatchery, the Kesen Dai-ichi Hatchery, in the Iburi region, has spring water

with water temperature of 10-11 ‘C during winter. From 1994 to 2005, age-0 masu salmon smolts were pro-

duced experimentally in the Kesen Dai-ichi Hatchery and released at the Date fishing port. The fish released

were recovered by commercial and recreational fisheries in the coastal areas of Hokkaido, and the mean re-

capture rates were 0.18% (range: 0.01-0.72 %). This study showed that age-0 masu salmon smolts can be pro-

duced in a private hatchery if warm water is available during winter. To produce age-0 smolts at the

optimum release timing, a proper control of fish growth must be examined considering the rearing conditions

at the hatchery.

Key words : 37 5<%, 0+ZFE/N N, JHIE, VRL X7
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NTWiz, & 2 TAHIMT b KRS LB sk %
fEH LT 254l —5488 (ERENHHET) 12k
WT19944E %> 5 20054E & CO0+ 2 E )L h DEFEERAR D
& LB ITZ ORI F I S 0T T B T D IR
B U, AR TR — SB35 T 01345 |
DBV 7 T < A0+ ZE N b OFERFLEE K O
BROFERZI Y EEOTHET D, BB, BEGBED
R A3 1T DWW TIZ20014FE, 20024, 20044F Rt
RY#WET 5,

M#ELUVHEE

0+ AE )V b DEFEITHHRE N PHET 12D 2 Al —
S THEML 2 (Fig. D. FSEZHTEAMINKR
warth L, Bk EFERAE TS, L OKIEIX10
~11°C, HM/KEIZFI00L/53 ThH 5. [F5LIGITHEA
ihdai (83.2ni) &fiEH2M (75.9m) EH T 5.

0+ ZE )L b DHEFE T T RSN I AL #ii ST K FERRAE
BHRLEPOBA LTz, 1994485 5 20044F £ TOER
R TR LY TREMNREE L gy e
1982; LIF, #FHithpER EFT) BV, 0+XEL b
DOEMO DI, HAOKREZRAESEDLERD
% Z & n 519944~ 20024E DR BR ITIZ, HTIBO
J2 PN D fil T JE I & R LR iR (TH 30
H~8H31H) L7zfiiEHWwk. LirL, AENLB
LR R T E 240 AN Z & D, 2003~2004
AEORBRBOR TIXE A H R R TRER L 728 fah & BREn
OH3H~9H5H) LM EHWe, Zib ol
ZIERIN TR H B KM — S AL~k L, 0+R
F)NEEETo T, 728, 19944 DB T,
B LHf CEYR Y ET lem, FH4EIT g
8T Btk Lictt, AN —SLE TRORE CHE
L7z,

Sea of Okhotsk
Sea of Japan Pacific Ocean
é 250Km
~. Osaru R.
. One?
_I | “~Tomakomai
Kesen Dai-ichi [m] ’ Fishing Port
o H;chery Shiraoi
Date '® Fishing
Fishing ' Port
Port o
C.Chikyu

Fig. 1 Map of the Iburi region, Hokkaido. The
circle (@) indicates the hatchery where age-0
masu salmon smolts were reared, and squares
(O) the fishing ports where age-0 smolts were
released.

2005~20064F D FERIFR TIZ, HLhinc kL 728
FUTHR U5 Tk U et il (BUT, Apithi
AR ERT) 2RV, ZRIZOWTIZAKHEET
THGA L Bl A ORI OHTH~9H10H) L7
B 2 FERR PN T AL — S b~k LT, 0+XE L b
A IV Tz,

fEM P, BRH Rk (BYE, &) i
HFME U e, 200145 M0RE, 20024850 RE, 20044F fi%
WRECOWTIZ2A PRI BH3H A &5 A TR 20,
FRRIERHICH OHIE 21T o T HIEIZ AL (1974) 1T
vy, FEGE (dark parr), #K4HE/S— (parr), $R
£ /83— (silvery parr), Ai#iZE/L bk (pre-smolt),
hIIRE L M (mid-smolt) 8 X OCHMZXE L b
(post-smolt) 1ZX.5 L7z,

20 b ELPE AR SERERIINIZ 33 1) D A€V b DRl kE
B, =4)ITIESH FRIIZZDOENAS 5 (K,



JEIRAE NITIBIT B0+ ZE L b EEER R ER

1933), #->TC, 5A N BH6H EMIZ0+ A€ b %
R, BETAZ L EREELL, SH N, RE
JU N LTI A M L 7o AE L MTIEi g
JESRIC Y SRy 2 R385 L, g, S/NkRIRE,
EIE s IThns Lic g, i Le (GBI, 2007), Z
T ORI 95 Pk b ORI, PRk A
T E =R THEARITHIB L 7%, Hi i 3km
~ik L Ciro e,

728, 1998~19994F 33 & U20064F 12tk 3 % ¥ & T
B 5 721997 ~19984E R AERS K OR20054F AR B I i ol A
ICBWTIHN (sfethis i gFsrae) 28 6E L e e
B, EEIY D TREERY EiFils Uiz, 1999
ERHETOW TR H O RIEA D T2, DED
Bz fE LT IHN BRIE LR NI L 2R T 21T
&8, BURIEEL 2oz,

B OTHRRG AL, HEEE, WRE» SR
S o, JbiEE O B AR Z XY b LERF
PEM O AT CHM L oA (I, 2006),
20 BT L OPIRIT TOE B IR L7 5=
2 DERERA (HEF, 1996; = - EEF, 2000)
RN THLNE#Hb ADE TR £ Lo,

B R

RAEINEE

AN — ST RIT 50+ 2L b DAEFEREL,
iR s % Table TR LU e, FEARINA & i £ T o0+
AEV b OEFERITTEH60% (26~83%) TH Y,
20044150 RE  (20034EA%HE) DA EHRII8H 2 X 5
FEVEE & 72> Tz, BORH HIZARIT K > THIR > Te i,

Table 1 Summary of age-0 masu salmon smolts reared at the Kesen Dai-ichi Hatchery
Initial Number Egg-to- Number of Mean fork Mean
Release Date of egg Return Strain number of of age-0 smolt  Release age-0 smolts length at weight at
year fertilization year o smolts survival  date released from release release
88 raised (%) the Date port (cm) (2)
1994 3 Aug. 193" 1995 (Giptie brood stock g0000 34636 043 16 Jun. 14,000 - 22.0
27 Jun. 6,000 - 32.0
1995 4 Aug. 1994*' 1996 fﬁgﬁ;’e brood stock 54 90 35,500 071 31 May 16,000 - 32.0
14 Jun. 12,000 - 32.0
1996 31 Aug. 195" 1997 GEPUYE, brood stock g9 09 43,420 054 31 May 13,500 14.2 317
18 Jun. 11,000 - -
1997 12 Aug. 196" 1998 (puve brood stock 60000 34400 057 28 May 10,400 150 313
17 Jun. 14,000 16.3 40.7
— 6 Aug 19977 — g\i}gﬁ)ve brood stock  gj 09 - - 0 - -
— 7 Aug 19987 —  Gaptive, brood stock 50 g9 - - 0 - -
_ * _ Captive brood stock _ _ — —
27 Aug. 1999* Mot * 5,000 0
2001 8 Aug. 2000 2002 g&gge brood stock 95 (9 17,000 0.68 4 Jun. 12,789 15.8 428
2002 30 Jul 2001* 2003 ptve brood steck g7000 19036 051 4Jun. 18836 146 378
2003 3 Sep. 2002 2004 ipve, brood stock a5 g 655 026 5 Jun. 3,550 17.2 56.2
2004 5 Sep. 2003 2005 GPve brood stock g5000 20766 083 1Jun. 11269 153 36.3
2005 10 Sep. 2004 2006 (Csalfi’g{)‘;tgoﬁ?vesrg‘z?k 25,000 18,000 0.72 1 Jun. 1,955 13.3 26.7
_ _ Captive brood stock _ _ _ _
7 Sep. 2005 (Shiribetsu River) *3 25,000 0
*1 Eggs were taken early by artificially controlling daylight time.

*2 Captive brood stock reared at the Mori Research Branch since 1960s
*3 Captive brood stock originating from fish returning to the Shiribetsu River
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5H28HAH6H2THORITH Y, BFRRD ZENL kD
SR EIT22.0~56.2 ¢ THo Tz,

LML — S A O T K TIX R ITEREN U 72 RiEp
WA (19944F7> 5 20024 05 BE) 1211 £
TITHERDNF E LTz, & HICAHIM S KER RN &
PHERENREL, 5H NI»B6H B oMz
19 eDITIZEEE M2 L E R’ -z, TZ T
FAHTER O & W 72 2001 4F i e (SH B HRIN) &
200247 iR iE (TH30HEREN), 38 X ONlH ERINEE 2

Mean body weight (g)

Fig. 2 The growth curve of age-0 masu salmon
smolts reared at the Kesen Dai-ichi Hatchery and
released in 2001 (A), 2002 (O), and 2004 (@).
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0+ AL MBI U T RENEFEIc L 0 B2, 2H
NENT IR BTV b OB EIT20014E R AR A
17.8%, 20024EFRAENRT2% CTH - T, L, &
T & b IT12~22g D#iIFICH -T2 (Fig. 3). 5H20
H RT3 M rR i & b 1210~130g DFFIZH v,
PR I AL S O HBLHIZ80%RT#% TH - 7.
ZOWR%E H D L2001 4EHHERETIZh I AT A b 23
86.8%, 20024EJHCHAECTIXHh I 2 E L F2331.6%, %
WAENL FH348.0% Tdh - Tz

—J5, RNl U 7z 20044E s BETI%, 3H1L
H O 5 CHREIX4~18g OFPHIZH v, R AE L
F OHBLEIATE, 21%ITE X R, 5SH20H 1T
RV N EIBEMRT6.7% L 72, RENL MEDO K A
IV BRI AbED LN TER, Tk,
DOEHAORTEIF20~T70g OHPFHTH Y, 80g LLEDOK
B E )V N OSHEL U 72 BRI (200147 i i,
20024F R IE) LT DR E 2o T2,

70 90 110 130 10 30 50 70 90 110 130

Body weight(g)

Parr =] Silvery Parr Il Pre-Smolt ] Mid-Smolt Post-Smolt

Fig. 3 Distribution of body weight and phase differentiation of juvenile masu salmon reared at the Kesen
Dai-ichi Hatchery. Eggs of fish released in 2001 and 2002 (3%) were taken early (late July or early August)
by artificially controlling daylight time in 2000 and 2001, respectively.
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Pk S ik L 720+ 2 L b OFfli R E
Table 2123 LTc, ZNETOY 7 5= ADELER}
BLOREICOWTHATWIE (7S - Ik, 1985;
87, 1995; Naito and Ueno, 1995; BEJR 5, 2004;
Ando et al., 2005) %&EIZ, HHFREHZ6~TH
(e B#D, 8~107 (BREHD, 11~127 (W TFHD), 1
~3H (B&), 4~6H GBEIY) 1253 iF7z. 1995~
19964 D6~TH 2% < DR I S e s, Thud,

Z 0 SIRRICRBNTH O EREHRA (FEF, 1996)
BiibileldThb, £, 1997F6~10HI1ZH %
S OFHPHMEIN TSN (Table 2), ZHHHE
20 BIBEBICIIRINEZ L E T 5ERBET
P OERRERER SN D THD (S - B,
2000) . FHAED8~10 AT HHl S 5 Bk fUTEH %
iF7nas (B S, 2004; Ando et al., 2005), A&
JHE TR E R X 0PI E N ORFIE TS < Ol
B I (Figs. 4~8),

Table 2 Number of tagged age-0 masu salmon smolts released at the Date Fishing Port and recaptured

Number of

Number of tagged fish recaptured

. Mean Number
Release Return Strain Release date af:]san;gllts weight Jun.- Aug.- Nov.- Jan.- Apr.- Total of fish Recrzzpt)eture
year year from the Jul.  Oct. Dec. Mar. Jun. number recaptured %)
D release Jan.-Jun. o
ate port
1994 1995 (C\jg?ge brood stock 16 1, 27 Jun, 20,000 25.0 0 00 20 2 2 0.01
1995 1996 (c\%;g)ve brood stock 31 oy 14 Jun. 28000 320 238 11 3 81 22 35 103 0.37
1996 1997 (C\jg?ge brood stock 37 \ray 18 Jun. 24500 317 112 6 3 9 4 134 13 0.05
1997 1998 (C\‘;‘[g;ge brood stock 98 \pay 17 Jun. 24400 367 114 114 2 47 19 296 66 0.27
2001 2002 (C\jgge brood stock 4Jun. 12789 428 3 24 0 10 9 46 19 0.15
2002 2003 (C\jggfe brood stock 4Jun. 18836 378 21 8 1 11 3 2 0.01
2003 2004 (C\E}[gg;e brood stock 5Jun. 3550 562 1 9 0 20 22 2 0.06
2004 2005 (C\jggg’e brood stock 1Jun. 11,269 363 6 18 1 16 4 45 20 0.18
2005 2006 %ﬁ}l’ig{)‘ztgoﬁﬁfvzﬁ;’& 1Jun. 195 267 0 2 0 11 3 16 14 0.72
Total 145,299 505 192 10 179 62 948 241 0.17
Number of fish Nu.n\b:Y:lf fish
. };~50 ® 10730
: 0100 @ 50~100
100~
@ 100~ Sea of Okhotsk L Sea of Okhotsk
_ ]
Sea of Japan u :, ] Sea of Japan ."'. J
'y e
T o o0 "
* W ® . Y
" Pacific Ocean
Pacific Ocean
b N=505 b N=192

Fig. 4 Map showing the location where tagged
masu salmon were recaptured during June-July of
the release year (1993-2005).

Fig. 5 Map showing the location where tagged
masu salmon were recaptured during August-
October of the release year (1993-2005).
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Fig. 6 Map showing the location where tagged
masu salmon were recaptured during November-
December of the release year (1993-2005).
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Fig. 8 Map showing the location where tagged
masu salmon were recaptured during April-May
of the year following the release year (1994-2006).
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Fig. 7 Map showing the location where tagged
masu salmon were recaptured during January-
March of the year following the release year
(1994-2006).
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Fig. 9 Mean body weight of tagged masu

salmon recaptured in the coastal waters; @: cap-
tive brood stock (Mori) released in 1993-2004, [1:
captive brood stock (Shiribetsu R.) released in
2005. Vertical bars indicate the standard devia-
tions.
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0+ 2V b DEFEITITFE R ZRIFITRESES Z
ERBETHY, A ASLWEREPAE N MEITH
<HET 2D (FH, 2003), %Al —S LB O FIE K
IFAHIFITHKRIENSLI0~11ICTH Y, 0+2FN MEFE
WCHERERERN 2z Tt Ex 5. BLIBTIE
Ly), 6H B BTH EAIC0+AE)L NOHBIOE —
I IMBHRHNTER UNE - 5%, 1984), 1% EBOEE
PLEX TR Z Lizk Y, 0+AEL bOHBIRE AL
HREFITIS T D AE N MERFHIICADED Z &I
R L, BOBRAREALBND K5 IRoTe (Mi-
vakoshi et al., 2002), HARENIZRIF DY 7 Z
< ADBGEEIRIZB T 2 MBI B TH - 7228, &l
F—SMEBCBN TR FROKEEZRESET5H
WCAENL IBRHBTHZE2ABEEL, SHITKER
HETAT R 72 RN ERIN U 7N 2 i L e, LasL,
EIZE > TEZH BRI AEL MBS 5 L,
AEN MEBRS e feth, B OIH RINOFRIN &
Hna X535k E, BUNICAEN N EAET D
WITTRITH ARV IB LT, ZORE%, R %S
M U720+ 2E )V b ORI EEIZTRETH 5 T & 2NIERE
Ihic, L, BREHIZ0+TREL MESESIT
1%, FEKOKESMN e &R0 FRERIITA DY
T B ERRARTH D DO LEZ BT,

JEIRE N T OO0+ R )L MR TIE, 1~6 OFEHfi%
120.01~0.72% C, IXHD2XNKE o7, 200541
HCFE U e ARt e DU O FERIZ0.72% TH 1,
IEFRME TR T D 5o T2 19954E i BE 0 0.37% 1T He
N, KRG R U TS, FRpE G % O R I12 200548
BUTHo, BPEREOHBBHHATHhI Ty
Z S R EEFLIR OO R SRR X 2 Al
BE I DENPE PTG TRV, ARFZEE R L
19904FARIT Y SR> &2 7% W Te 1+ A8 )L b ORERRBCTR
T, EIERNTEH0.55% (1993~1999K iR, 4t
1 0~1.52%, Ando et al., 2005), #%EEWNTO.70
% (1998~20004FHLifi ik, #iPH @ 0.27~1.64%, R
5, 2004) THY, TNL LD EARPFIETDOO+A
EN S OFERMRITE o To. FRIT, 19944F R HE,
20024 1R e, 20034F Ui E D Pl BT Z h Zh 2k
LAz <, MRV IHiER Th o o, Bt 1 AR
TCHRIRE & Y0 2T Ol O RN IXHB 2 BIfRIE A 5
N7ewvy, Miyakoshi et al. (2002) 1%, #AZFZLHTOO+

-
—

AN N OBFHHABR TS, Bk A RERRiEic X
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5 HE I3RS IR O D i TR, BBk 72 & DB S
BRI RFHINTITN T L S #EY TIden 2 & 2MERHS
NTnsZ ens (LH - ZH, 1988), ekl
5ETIIMEITES D OO, FiREEREL Lo2%&
TR O FRE R A MEE T D T & RN BOR OB B
FICRBWTREETHIEEZOND,

PR D> S WO SN2 0+ 2TV - DR 2
WMz AH D &, 6~THIZZ Y bih &8Ik T, 8~10
RHITIIARE, §Ii%, A, HBnRE, 11~12H it F—
VPR CTE S, T EnD, 0+XEN
MIZ 0 SIfEE# L GERRFEESNED, SHICR
BUR A TR — Y 7 ig~NEET 5 b0 L EZ BN,
TIVE TORBERE 2k~ 7 ige (Fek - g, 1995 ;
Ando et al., 2005) & —# L 7o, AEFZ TITRHGRE
D6~10A12% < OEGRAPTM SN, T, Th
F T ORI AR TIEHH RS 0720 8~10A 1T
% < OFEBFMPRER L OYIKEN ORI TS
NTVWDEH, ZTIUTERDETOEREHRHAE (S5
B, 2000) AEMENTZ LITX Y, FHEMGSZ 2o
&Ezbnb,

1A LRI ERIN 5, ErE, AR, AR,
4H DI R, AR, AR R R A
e UTHI SN, AEDfoHS THOR L 721+ 2E
A b EFBEIZ (Ando et al., 2005; =JE, 2006), 1
H PRI EHREIR R 2 rhO T 2238 O W EEL T D3R R
HIZEVFAINDZERHLNE RS T,
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Influence of the physical environment on community structures of benthic

macroinvertebrates in the lower part of a small stream in Hokkaido, Japan

Miyuki Nakajima®™', Tomiko Ito*™ and Kazutaka Shimoda™

Abstract The Gokibiru River, located in Hokkaido on the Sea of Japan side, is a mountain stream which
flows directly from the mountain region to the sea, via a river length of approximately five km. We quanti-
tatively collected benthic macroinvertebrates and conducted measurements of their physical factors for flat
riffles in each site of 50m and 1.3km up from the sea. Our objective was to analyze the data taxon compo
sition, community structures and diversity of macroinvertebrates on a seasonal basis, and also to evaluate
quantitatively whether some physical environmental factors influenced on them. From 2000 to 2002, we sur-
veyed before the melting snow freshet and after the rising spring, in summer, fall, and winter, a total of
eight times. The annual dominance taxon was Chironomidae in both sites, while Oligocheaeta and Epeorus
latifolium complex group were also annually abundant in both sites. Tipulidae and Hydropsyche spp. and
Lepidosotma sp. and Sternomoera rhyaca were abundant in the site nearby the sea and above site, respec-
tively. From winter to early spring, there was a tendency whereby different communities on each sites were
formed. The diversity index, H' showed similar values with both sites in all seasons. The physical environ-
ment had a positive influence on macroinvertebrate communities via the model with multiple indicators of

macroinvertebrates and the physical environment.
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WINCAER T 2 IRAERB MG (LT, EAES)
WMed2) 1, BRMOSRELAL L, HREOR
BB L LR TR S NS, Zhbid, W
JERITHEIS Ul SR BAMRER L, WINTE
SR R RRHEE 2 B LTV B MR T H B (Merritt
and Cummins, 1984). #5332 #EHIXAIIO E
oo b RHIC/ CEBERIZELL, R TIEA
BN, TR TIEAMEE NS <% (Vannote et

al, 1980), Zhux, JIlo ki, HHERE&ESh
DR A% SHERE L, FIRICZR 21T LI vk
e ST MR AT B A3 4= % Z L1z & % (Minshall
et al, 1983), LEWRTIX, WINOREHEIZL, ~EHE
BUC R D —RAEFEL Y BN L b2 b SN DIELED
EOREETHDIBANSL L, WITTRA DR~
CIE, PSRBT X D —RAEFED G D 2 EHI 575 Bk
v HEW (Horne and Goldman, 1994),

U JbHEE N K EER LY (Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaido 061-1433, Japan)

= kB A4 EZETT (Hokkaido Aquatic Biology)
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JEAEEN ) O BT BU R A 72 AR B BRI HEN
hELAESN, £, ELEBY L LERREORBRZNR
LT DT DITETAE A — VB E R T D LT D
%o WIAY — LTIk GIS fithric & 2 L HFIH o
#25 (Richards and Host, 1994), E[al)f 2471 &
B N2 IGE) OB BB 2% (Chessman, 1999) s
INTVD, ) —FR7—)LTIiE, HEPEERED
IR 22 BB R K & <HEH T 5 & S (13,
1993; Brooks et al., 2005), SEEREJITIIK D KR
B A AE U T 358 O IR AT~ D35S (Robson et
al, 1999), &I OV T N LG 2 ik iE U s
EEPRESEOZS AL 2T Uizl (hgifh, 2005) 78
WEIh TV,

JeHEE DKW DL FRITHE 295 (LNl 1T D)
AR L AR R TR IO W TR - JFE (1999)
PRELTWD 28, RS ERE, g SWJIT
DO RO EAEB R I T 5513 e <,
ZO K5 RIROEABIRE L 2 OLERQERIBL,
AR TR IBUER B IR A DB 5 b,
MAEERT D Z ERROBN TN D, ARFETI,
A o> B AR o Y A 9 2 A O T ik T
DIEABPRESEE R, FRERNE L CoWIEEED
ML) —F A7 —VTHRNTHZEEHNE L,
PRBEINE, ORISR AE#920.8km?®,  A5E#9600m 12
JEFE D 0 s ERISkm, 1) 115) B0 T4 53496.8%,
TR EL A 4R O AR /N O R R W T H 5
(Fig. 1) &KIFDIB% LL EA3VALE R LER D ARk T
b, VbW IHZHERIOWM)ITH Y, KRR
D E S BREVREO Pz L, a0
722550m & 1.3km OHE T, 20004E 5> & 20024E 1 5>
IR B ORI & VPR TR O HIE & FEHl
Lice ZOHWARERICHS X, A O ERELK
CRHMERE RN L, e, HWoERESE S O—Tik
TH DL EFEET T LV LB & BB OB
HeHEE L, duimE /N O RS T o R YIC
B9 2 AEREA AN L2 S e O THS T 5.

DR
REHm L AEEAR

Figliz/R Lz X 51z, BEE)IO N4 3 5
9 50m BUR ORI O A S5 1.5km EiRE T T
HY, Ei, WREOTHFIHTIE, W H255500m
LRE TR TRENBEIET D, & HIT ROk

Fig. 1 Location of two study sites in Gokibiru
Riber, Hokkaido, northern Japan.

21X, 7~y =1 (Ulmusu davidiana var. japonica),
Y F & %E (Fraxinus mandshurica var. japonica),
A 22X Hh x5 (Acer mono), A =7/ (Juglans
ailathifolia) %5 OVEREIRTERIARD AT 2 (R,
2003a) . AJIIZ, WHH#1.0km LR TARE $
OYPINZHBL, ZZTH5H500m EFEOARFICIZAE
DR SN BEESTm, BEEldm O X 5035 5
(Fig.1) o AWFZETIX, £ERE50m LR OFikiz2 4 i o
PAE M L, i “St1” 1%, ZiEomoR
JINZH v, WHH51.3km b CEE#140m 1247 &
UIHREII3R TH D M “St2” 1%, WH»H
50m B3R CRERAm 1IZH 0, WIIREDBZLRTH S
TR 2 R W ORLH B RT & Bk, B, RO,
ZHDOSINCEE L, 2L b [F— HIT &8 D
TAEIT o T, BRENZES AT 020t 2 T > T2 D
Z, WIHO—RAER L HEHY BF OBIFRPKE
<{ZAtd 3% (Peterson et al. 2001) 72 &, Hikizk
DRI ~OE BB LD TH S, A,
B ORI M 2 20014E3 H 26 H & 4H 4 H £ U2002
EIATH L5220 1T, EHIA20004:7 A11H & 20024F
TH25H1Z, FKHHZ 2000410 H 24 H & 2002410 H 16 H
Iz, &H%20014E2H14H 25 L7z, HL, 20024E3
H26HI2IZ, BEWIC X 2K CTREREZITZ 2o
TeDT, RIGERZHED 5 HOJIE, AKill, EEUR
LEORROARZERE LT,

RIBAE - EXESYMRERE

A FITRE T, I, /KR, BAUREE ZHlE L
Teo KR EBRAZEEIL, R—& TN BRREET
CRELEB I T2 RS CM-14P, &> ¥ — CVP-101
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P)THIE L7z, WiIT, BEMTLF () »EAN
B B WPIAERITH B ik U, RO Bl
ERER D BT X D RAEIM OREETT o Tz, 1B O
BITO EHE M TIS » I A (25X 25cm) Z7%
ELTz, T2lEL, HWARSHIKD T2 O FHARRHY & [F
— OB OXIRE W INCRE T2 T & 23 e 5
BT, HTIBEREERD Lz, 20Tk, TR,
200144 H4H & 200247 A25 HITIX & € i cl12M|, %
7z, 200142714 HI21% St.1TEF3ME, St.2TLOE77Z >
7zo

BRHE T, £9, TErH0MEE & LTHE
P it Ui AL 2> B 7 E C ORSE O #EEfE % 10cm B
RLCHIL 720 RIT, RN OKIRE lem HALT
AHIIL, JEJE & 60% /KR Ol 23K 5 e b 7 m
Z Al (2 A 8PF, CR7TH) CHlEHZHIE L iz,
Z D%, FRIZHE 1 THA0,5mm O W — /N —
v MEEE, BN OEABYOHREY 2 i S ¥
WG, HENOLFEIY BT, WRICHEE TR Y
ZHD EiFbnd LR EREREREARL, 30
it L2722 < b ZED 5 B DLIAS5em L EDOiFE
FaETRY B, BEAOMBEHE L, L &L
EBIZRY LT RAEBYNITER Ny MITIRWHL,
PeNITE > T2 2B d Ry MDD TEREL .

JEAE BRI % IR IE DRV~ VU LT Z O T
EL, RRRICHELIR-> 7z, BN TER20cm,
0.5mm A v ¥ 2 DFHIZANTKEKTELTY >~
YW Lt Ny MR TRIRTED ZH0
HL7. JIA - &M (2005) & Ishiwata (2001) IZ
X 0 B A RN, AR R, AR
TR L TR RO T2, B/NEEKO0. Img O
KFE L b U 7 24k, R200D) TR 2R L 2.
2B, TAEVEFXIF a7 (Epeorus latifolium)
1%, #=tZ %% % a7y (Eperous napaeus), <>
LTk F &7 ay (Eprous l-nigrus) & X A€,
TIVEV T X BT u it (Epeorus latifolium com-
plex) & LT o Tz,

T — X DT TIE, EROMBEREER (FErb
OFEE, TEE AR, KR, EEE, 60%/KEE
o) LR GRMREE, R, W, 28
FERUEAZD) D&T — X OV E T 5o, 4
W 4> #r & Mann-Whitney ® U # % % ,
SPSSver.7.51] Tiio o, JEAEBY OREEMHTIIZ/N
fi (2006) DY A AfRERY 7 MRV, S HHELIE
W% & FR1TH7 B FE B Shannon-Wienwer D%k FE

WRBH =5 ML Ok, 1976; /My, 2006). H
&, HEBESEMTHS5A,0F V2 BIEE M
WERLZ W ERmWEEZ R TIHRETH D, HEAMT
Horn (1966) D#EAEFBEHEEL Ro% 4 H 31Tk,
SHEATEIC X B 7 T R E — 00T TIEAEE R O
Xy EfToTe (OKig, 1976 ; /M, 2006). R, i1
O~1oFHOEZE LV, HEOHUERENVE R b
WMz R T,
H L RyIFRATEREND,
H = — X(p;Inp,/In)
b = nz;/}vy
L, SBORIF2THY, 38R OLBE]
R B EE ny;, T T ORMEEEE N, &
T 5,

_ 2(xty)loglaty) — S aloga,— Yy log y;
(X+Y)log(X+Y)—Xlog X—Ylog Y

7oL, FiBH:x T8 5050 OREEE x;,
A E X &L, [RERICHIBHR: y 12812 2580 ¢
OfEEE y;, BEEEEY &35,

R,

BTN & AT Y O BIR MR HITIEHEEY 7 b
AMOS5.5] vy, EHHREESNTOVEDTH Y,
2ODRTHMET N ELLEREET NV (BH,
1998; #H, 2003) ZAERK L7z, ETATIE, [
L) & TR 2B L TREL, ™
MHEEs) 2 4B IR 2, BEEEP L
ZTNENITRT B BNERIC ST 2 L IE LTz,
EARNT, BB b EBERNIS N o TiER<,
KWROEF N CHRELIERTH D, BHIELIT,
MBIEREE ) 1 RS mEBy, KR, Tk iE ],
M2 Ok %, £z, NEESY 1T MEdgy,
NEER), T8RRI 28AL, BRiczhEhnii
FEBH el~e9 B FE Lc, BIIAE TR, kD2
DOF — R THBIENE & 60%/KZEREITABEF%%00.91 &
BIESF WO T, FFFICEFVICRATS, WAEE
BETEFMZEY 7 4 v b LERERRESRA L 2.
EFNERLSE D70, [HIEE »5 K],
NEAT 220 TEEEL, RO TOBAEEENPS
OFREELIE L, U ED XS ITHELEET VL,
ZOMAMITONT, 2° BE L AT X v K
LTz,
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=TS

REZER

9l DFAE D)X, St.1T45m THY, St2
T5.3m o Tc. KEDMIERER TIL, HAKA2001482
A#FAED0.1°C (St.1) £02°C (St.2) THY, SmH
200047 H #i# 016.8°C (St.1) £19.0°C (St.2) £ -
Too BEAAZEEZ, St1TIF9.4~12.1mS - m?, Fi
109 mS * m?, St2Ti39.0~14.3 mS - m?, F#10.4
mS - m'7Z o7,

BREHNOKIHH OHlER R % Table 1IZmR LTz,
BEYRORIN S 2 KT TR D Ol O
HOFIE, St.27T0.8~2.7m, St.1T09~1.5m TH
Y, 2R OFHA T St.2& St.1OH SR THEZED
A b, HEmEOFEEEAMBIE, St2T2.6~
4.9, St1T3S~TUHTHY, SMOFATSL2LY
StITHRICS o Tz, KEONE X5 T9.9cm
722540.8cm TH Y, HuLRTTHEND o 7z DIX20014E3
AOHRES T, HfBEOFEFHETIE, JEH&60%
KRN & b iTE R TH BRI b o . BL
LoRERNS, St1d St2TIXMIIBREIERNIZE LW
TR & S huiz,

ELEEBYOHBESEREEMR & hAFORELR
SRIOFETRES NI HHERL, Im™ by T
HU 7 B S A Table 2128 LTc, 645 5RO HY
L, 205b, KERBREISSHERZ HDI, K
ARBUNTEL S HBELIEDIX, #F3axzl (Ste-
rnomoera rhyaca) &7K4 I I X% (Oligocheaeta)
Eote. AKRARBROR—HRE TS O HBUE#EIT
22U # %l (Chironomidae) T, 48H D E&FHHE
TEEEns 42221144 « m*Th o e HBUEEER S N
BN OTHERIIZONWT, 2 TOFEE H RIS B
%% Fig. 21TmLic, 2B, wdbLVaRI A
BRI AL D38.1% % ¥, WITKAEI I XA%12.3
%E DI, AV BIENE, WiHiE bIE LTS
v, fFEhOFFHAETHBE L, $5I12200245H 12 St.2T
2639k - m*BHIL 7= (Fig. 2-a). /KAEI I XM
1%, 20004E7H ZBrE St2Xk 0 St1TELSHBIL, &%
b %o e DIZ20024E3H TH Y, St1TIHEFE T2
FHIZE W EREZ o7 (Fig. 2-b). 2RO B
HIB RS 2T E D 2 FE DR ETIZH Y,
2RO, St1EY St2TE S HBL o BrE T Y
v R Bl (Tipulidae) & ¥ < § B4 5 )& (Hydropsyche
spp.) T, HHUARRHIVFEZBEL, £, <MY
7 7 J&@I1320024E D10 A 2R < A TORAH T St.1L Y

Table 1 Mean values with standard error of physical environment in two sites.

Month- distance from the . velocity of middle velocity at the
Year stream edge unfixed cobble water depth layer in the stream stream bed
m number cm cm® cm™®

St.1 St.2 St.1 St.2 St.1 St.2 St.1 St.2 St.1 St.2

Jul-00 mean 1.2 0.9 3.5 3.6 11.1 18.4 24.5 37.6 17.8 25.1
SE 0.7 0.6 2.0 2.1 5.0 6.4 27.1 30.5 18.0 20.5

Oct-00  mean 1.3 1.6 71 4.9 134 21.7 36.3 28.4 175 16.5
SE 0.9 0.9 2.8 2.3 3.8 5.9 31.6 171 11.3 13.0

Feb-01  mean 1.2 2.7 2.2 2.6 14.4 26.2 25.2 16.6 19.8 27.3
SE 0.7 0.9 1.2 1.1 2.4 3.7 14.3 11.0 11.6 13.6

Apr-01  mean 1.1 0.9 3.1 2.8 23.3 12.9 48.5 35.4 27.8 31.3
SE 0.7 0.5 2.1 2.0 13.1 7.1 34.9 24.4 21.3 25.6

Mar-02  mean 1.0 0.8 6.5 4.0 10.7 134 32.8 49.7 21.7 324
SE 0.8 0.4 2.8 2.2 4.6 6.2 21.8 39.1 14.7 23.6

May-02 mean 1.5 1.6 2.9 2.9 9.9 14.8 29.5 27.5 174 179
SE 1.0 1.3 1.7 1.8 3.4 6.5 25.3 13.6 11.7 15.1

Jul-02 mean 1.5 1.5 4.5 3.3 12,5 13.6 53.5 38.7 26.7 26.4
SE 11 1.0 2.4 1.6 49 5.8 30.8 17.7 23.8 12.1

Oct-02  mean 1.2 1.4 4.7 3.2 12.1 16.2 21.5 30.6 15.0 20.0
SE 0.8 1.0 2.1 1.8 4.2 6.1 18.1 22.0 14.4 16.6

The means underlined indicated significant difference between the two sites by Mann-Whitney's U test (P>0.05).
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Table 2 Collected taxa and their abundance (mean of individual numbers * m®).

11-Jul-00  24-Oct-00  14-Feb-01  04-Apr-01  26-Mar-02  22-May-02  25-Jul-02 16-Oct-02
Stl St2 Stl St2 Stl St2 Stl St2 Stl St2 Stl St2 Stl St2 Stl St2
Turbellaria 1 6 4 2 1
Nemertinea 2 2 4 2 10
Oligochaeta 18 137 290 98 91 5 408 45 582 52 364 112 280 44 335 310
Gastropoda 1 1
Asellus spp. 3 6 3
Sternomera rhyaca 52 12 90 1 26 13 23 21 4 19 10 313 29 171 3
Atidae 2
Eriocheir_japonicus 1 1 1
Paraleptophlebia sp. 1 64 14 76 8 31 29 14 41 67 50 18 17
Ephemera japonica 35 29 15 3 4 1 9 5 1 4 4 4
Ephemera strigata 1
Caenis sp. 13 109 1 4
Cincticostella nigra 3 75 51 21 35 25 24 23 42 14 3 165 38
Cincticostella orientalis 6 5 1 4 2
Drunella ishiyamana 15 10 28 32 15 3
Drunella sacharinensis 23 1 6 128 135
Drunella trispina 2 7 6 1 1
Ephemerella setigera 57 19
Uracanthella punctisetae 1 2 6 3 1 1
Ephemerellidae (young) 9 4 53 46 136 4 138 30 5 9 4 3 1
Ameletus sp. 95 2 40 1 9 2 43 9
Baetis spp. 122 117 30 4 9 3 1 3 33 36 45 14 209 37 35
Baetiella sp. 5 3 4 5 5 3
Ecdyonurus spp. 3 1 50 57 43 3 1 3 1 73
Epeorus latifolium* 103 29 259 74 37 102 72 43 27 73 5 15 19 4 193 42
Epeorus spp. (young) 1 112 5 164 16 356 105 12 13 7 4 2 4
Rhithrogena spp. 1 10 49 5 87 20 8§ 110 126 32 28 28 14
Epiophlebiidae 1 1 1 1 1
Gomphidae 12 2 1
Perlodidae 2 29 38 20 2 14 3 7 6 19 3 2 1 10 2
Perlidae 2 1 4 5 5 3 1 1 1
Chloroperlidae 10 38 1 5 5 16 7 9 12 10 6 1 27
Taeniopterygidae 36 1 3 1 1 3 6 5 16 3
Amphinemura spp. 3 5 50 7 33 6 13 6 1 7 4
Protonemura spp. 3 4 2
Nemoura spp. 1 2 2 6 32 2 22 1 2 4 1
Capniidae 19 1 21 15 2 5 1 69 17
Corydalidae 1
Rhyacophila transquilla 6 26 12 2 8 8 5 4 5 1 15 49 15
Rhyacophila yamanakensis 3 11 16
Rhyacophila sp.1 1 5 2 1 1 1
Rhyacophila sp.2 1 1 4 2 3 4 5 1
Rhyacophila sp.3 3 2
Rhyacophila sp.4 2
Rhyacophila sp.5 1
Rhyacophila spp. (young and pupa) 3 6 1 1 1 16 1
Apsilochorema sutshanum 2 1 21 2 6 5 3 7 3 6 3 4 28
Glossosoma spp. 70 2 25 73 9 29 7 17 12 15 11 7 7 16 14
Stenopsyche marmorata 27 7 26 1 50 1 15 1 43 33 24 2 61
Dolophilodes sp. 2 1
Cheumatopsyche sp. 6 4 4
Hydropsychidae (young) 3 1 15 15
Hydropsyche spp. 3 105 6 579 19 43 5 125 12 107 1 12 46 98
Phryganopsyche latipennis 1 1
Lepidosotma crassicorne 3 1 1
other Lepidosotma spp. 47 5 268 53 16 11 24 32 1 11 3 3 1 362 69
Dicosmoecus jozankeanus 1 1
Hydatophylax sp. 1 1 1 3 1
Apatania sp. 1 1
Neophylax ussuriensis 1
Goera sp. 1 5 3 11 17 4 11 3 6
Ocetes sp. 5 17 1 1
Trichoptera (pupa) 1 6 6 86 4 3 6 46 1 1 2
Pyralidae 1
Dytiscidae 2 1 1 1
Elminae 20 13 9 6 16 3 7 10 27 134 23 22 12
Coleoptera (young) 4 42 11 1 6 19 5 2 12 2 5 1
Tipulidae 49 110 17 704 23 235 35 137 13 67 17 198 3 59 21 261
Blephariceridae 47 4 2 2
Psychodidae 1
Simuliidae 3 14 1 15 1 2 1 118 3 1
Chironomidae 612 555 50 174 462 349 336 311 246 726 981 4222 35 303 162 183

*. Eperous napaeus and Eprous l-nigrus.
=3

Blank shows zero.
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St2 T4 otz (Fig. 2-c,d). 728, St2TIE, b4
FHHIT NS (Stenopsyche marmorata) & 7
28} (Simuliidae) 73, Z4 5 ORICHIELT 22
Hote, T, St2LV StITE - iMERNE, =
NEVR TR TRE, Ay NESTTHS
DH 7Y NErS)E (Lepidosotma spp.), K ONZ
FIaxzbEok (Fig 2-efg). #F Izt
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TH RO OBMIZEE 2 H 5 &, HH 2V REL
TIVEVR T XD TR, oYY NET TEIEK
ZOI0H TR DL REEARH T, X¥Iaxt
1%, St1T3HE5HXVTHEI0HIZS S HEL 2,
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Fig. 2 Mean of individual numbers - m* and their 95% standard error in the two sites.
* indicates a significant difference is detected between two sites by Mann-Whitney's U test (p<0.05).
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2 WA Bl OB AL, WER, SR, %
RIS () V% Fig. ISR Uiz, #H#HE
DS MERERUE, St.1T6.3~143% 7z, St.2T84~
141THY, FHAEHND S UL THEERD > D
1%, 20004E10H AT, L4 s U ok
WIS IT K B BEE R BINT R S e o e

(Fig. 3-a), THMBERLTIE, 220 ZRIOMERE
BoOFBIZLY, 20024-5H ¢ St.27T5359M 4 - m* L

RHLTEhote, thoFIAHTIE, 2415 TE33~

1916444 - m*OHipH THR L7c (Fig. 3-b). {HEAE
iE, St2TStIKVARMITEZNWZ &A3HBHY, WT
NHLP SRR TR o Te. KEROTI L
St.1°T20004:10 H 1218.4g - m*, St.2°T20024E5H i
322g - m*BENENR S EroTe, LRERBH
13 St.2& St1D4EHA H Z25l L T1.382 5 2.89 D P
2, HSHTHEENLS N DIZ20004:104 &
20024F 7 A K OI4E10H o3l THh - 7z (Fig. 3-d).
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Fig. 3 Mean of number of taxa (a), total individual numbers (b), total wet weights (c) and diversity in-

dex (d) with 95% standard error in two sites.

* indicates a significant difference is detected between two sites by Mann-Whitney's U test (p<0.05).
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TR OB BT X A REER Db D 7 S5
2B = ORI % Fig. 41ITR L, HEEREE
(Ry) 730.55~0.68L EAFHEDXFIMEL LTRAL,
ISARGBIFECHEEL LT DB L, HARD2
TN—TITKRIENT=DIE, 20004104, 20014E2)7,
20024E3 8 L TH O4lE 7z, 272 L, 20024E3H 122
ToOFNBRHRENTe, thodEOFEH, T45bb

aaaaaaaaaaaaa Bl & EE- S S SRR b

20004E7H, 20014E4H, 20024E5H, 104 Ti, Hik
BNZEEBUEE 230.88L E & mVMETH A LEHEX 20 S 1,
I BT St1E St2OMS TRIES NI b2 DRE
BHEL MLz, 2 b o4ploFHA R Tix, BEHEX
R OIFHE0SELL ET Y T A 2L SN DM BHR BN,
SV — OFERICE T 5 LKk ST,
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Fig. 4 Dendrogram of macroinvertebrate communities based on the similarity index RO of individual num-

bers of taxa in each quadrat at two sites from cluster analysis of the group average method.
Base quadrate samples in St.1 and St.2 indicate Oand A, respectively.
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LB~ DHEDEEN

4 HIFEEF N CHEE Lz (Fig. 5, Table 3), %

FLOTHRAL, HEAEL—AL LIcAF2217—
AR U, EESMIEIE, FHiick2iaT
BRI DRHEDTERL S TS, IR o> B (45 & ik

BEIFET ST, 205 To8[H DAL D5 %

Table 3

a covariance of all variables in the model.

Hig, LRSS TIRIERETH - 2D T,

Non standarized values for all variables on the macroinvertebrates - physical environment model.

ensl;y;]séfjelm macroine\;enebrat number of taxa totarllui:;z)i;i;iual total wet weight unfixed cobbles cLitsrt::;e e{;gzn sV:;lel::Cxirbe:; water depth
physical environment 14.985
macroinvertebrates 112.764 8429.016
number of taxa 6.096 455.638 31.83
total individual numbers 112.764 8429.016 455.638 9932.878
total wet weight 0.612 45.749 2473 45.749 0.537
unfixed cobbles 1.147 8.635 0.467 8.635 0.047 6.072
(istance from stream 2.738 20.605 1114 20.605 0112 0.21 0.848
velocity at stream bed 36.298 273.147 14.765 273.147 1.483 2.779 6.633 383.451
water depth 14.985 112.764 6.096 112.764 0.612 1.147 2.738 36.298 73.63

b mean of all variables on the model.

physical habitat macroinvertebrat

number of taxa total numbers

total wet weight unfixed cobble

distance from

velocity at the

water depth

factor es the stream edge  stream bed
mean 0 0 12.878 105.091 0.561 3.947 1.295 23.015 16.062
c. coefficients
estimate standard error  test statistic P value
macroinvertebrates physical environment 7.525 2.378 3.164 0.002
number of taxa physical environment 1
total individual numbers physical environment 2.422 0.543 4.464 o
total wet weight <-------  physical environment 0.183 0.051 3.582 ok
unfixed cobbles physical environment 0.077 0.053 1.443 0.149
Séi;:nce from stream macroinvertebrate 0.005 0.001 9.252 ok
velocity at stream bed ~ <------- macroinvertebrate 1
water depth PR macroinvertebrate 0.054 0.006 8.511 o
d intercept
estimate standard error  test statistic P value
total wet weight 0.561 0.049 11.338 o
total individual numbers 105.091 6.729 15.617 ok
unfixed cobbles 3.947 0.166 23.749 .
water depth 16.062 0.563 28.512 ok
velocity at stream bed 23.015 1.286 17.902 ok
distance from stream 1.295 0.06 21.418
number of taxa 12.878 0.466 27.641 ok
e variance
estimate standard error  test statistic P value

el 5.984 0.574 10.416 o

e2 58.645 6.819 8.601 ok

e3 295.527 35.617 8.297 o

ed 0.348 0.128 2.713 0.007

e5 0.289 0.034 8.489 ek

eb 7.2 2.006 3.588 ok

e7 1503.862 710.95 2.115 0.034

e8 7580.456 1150.074 6.591 o

e9 14.985 5.825 2.573 0.01

h

Level of significance at the 0.001.
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AR LBETOLODEF N THE L, A
22T, Stl& St.2TORMALE DY HBRE N ZIEF
C&tETHY, ZOEFUL, WINTEREILARDD
WOBEEZ L4 & LTz,

EFN O BOERT & MA LTSS % Table 4137
L. BEFAOBEGRE 2 BRETHW T2 &, 2° ik
19231 CH Y, HHE=13, p=0050 z* 5 Fifii=
223625 V/NE L, NAKOBURZELT 5. Mo
AJEEETH B NFI, IFI, PRATIO, AIC TiX, %
FNOHEAEX, PRATIO &, MEFLED
BIFE T MITEM L L 2o TRY, ZTOET I
F— 2R U CHAE RS RIC RNl She, &

X, WERBREE DR & A OB~ ORE L AR
9D ZBRNT p =0.05K ¥ THER -T2,

WAL DR 72 DI 80k iR 5 Te D IT AT 7 )V OFLHE
e CHEd 5 & (Fig. 5), THEEBREE) 25 TEKAES)
W ~OBRIE, BE032TIEDEERLLD N,
Eiz, TEIBRED) & TEADY) »5ZFhEh~0
BN DR 2RI T R CIEDORE L o, T
BIEREE] 25 A THE OBIIARA~OREL, TREPS
DOFEREl ~F0TTE RS, RNT KD ~0.48,
NERRHE] ~045Th Y, NFEEAMEHL ~i%0128
o Te. TEABIY 553D DEMIZERA~DREIE,
Mt ~0.85L THrJEREE] ~0.77icwt L, [

7c, Table 31Z& % & 51T, Yh, W OHEEE | ~F0.68 & FF R o T,
? 0.01 ? 0.20 ? 0.23 i ? 0.59
Unfixed cobbles Water depth Velocity at the Distance from
stream bed stream edge

A

Total individual Number of taxa
numbers

Total wet weight

Table 4 Chi-square statistic value and measurement of fitness on

macroinvertebrates - physical environment model.

0.46

Fig. 5 The model of standardized regression weights by multiple indicators between macroinvertebrates
and the physical environment. The explanations of non-standardized values are referred to Table 3.

e Sued  independence
chi-square 19.231 - -
degrees of freedom 13 - -
probability level (chi-squre value) 0.116 - -
NF1I 0.928 1.000 0.000
IFI 0.976 1.000 0.000
PRATIO 0.464 0.000 1.000
AIC 63.231 70.000 282.560
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LSO T, WA Talichbz Y #5 L TH
BLZD, 2RV IREKEI IRE T, 22
U H BRI 2 U TR EDS 2> - 72200245 A BLAk O
FERYITIE, St1LD b St2TEWEMIZH 2 H D
OISR T OE AR D2 BT X M S e d o T,
AKAEIIRIFSL2XY St1TE hrote, KEIIXD
FEAENRIRIIRWRIZ 5Tz, 2R B RFEIkE
I I RBUT, St2k St1oHh S TR AR 5 T RE
YRSV, MR OB Z EMICIEET 5 bz,
S D ITFEMIAR R E 24T O A S Do SNSRI
WCHB L e D B A T2 T 2 &, St2TIEH H >
ApLEv< b ESXZRTHY, StITIEXFIaxt
EHIOY NETrTRE T, St2TIRe AT A Y
FEZrSH4<HBLTRY, Y~ EFIRLEDIC
AR AF N St2THB L THEL T»d, 20004F
7HIZ, St2XVilkm EFROARTEOWES X LDOE T
TRIEERIToTfER, © 7 FHH T NESF Z 032400
e mPer < b B SROFEA 3693 4 - m? LIk
WICEEETAERL TWe (R, 2001), St2i3%
BAERL TV AR FiiciiE LT, Eik
DBUFRDS St20 HBUREBITEEE L Ic /TR D % .

—J, StITEPBILIA 7YY NEFTEE S
XA ElE, ZFOR2.5km ki T20004£10 7 icER 4
fiotr Z A, Z%3ax P aM19.6MH4 - miRE
I, Fi, ZTOAMEIZAETT S )EIm LR O
T A 7YY hEZFEAT7013 - m* & Hk L TH
HLTwie (hig, 2000). #27YY vEFrIESH
FIAaTIFHERETHY, T mEBITEEOH
REL WA B & S Tnd, Bl (2003b)
1%, BRI TRAFIa DO, IR EHEEOM
MERIIHEL TS Z e 2HEL TS, Stlid, W
B EFRTIERWD, ZO2FEMELHLTE AR
TB5ZLnb, HERROHBHER AR S 2R 8
Bk A3 50 E L ThEMNIT B 5,

BBUEIRE R, 1T X D HEK /3 TIX, St.le St.2o
JEABIREAEE, SloFRA 4T, MU S
MEEZIER L o, thofd A TiE, FEEA0.720 E
ERWHLEMOFERS L L 722 Y, RS OERSEHNE
HLTRETDRERERINTND Z 2o T,
i, LRI O MBLURDLAS R S Tk
Thb, St1& St2TONKEZILIKT DL, K TIE

=

[Fl—BEZNCHIE SN THWRNWO THIRTE 20, 8
SUZEHE Tl S T LW ERIEAD b io iz,
T2, St21%, WHANERLRFILD L X ITHR IR
BHOBEPADLNTEY, WEOREND DA
HokRARFIRD X M X B KEELOREL DD L%
ZbNBb, —J, HHEDHOEFHEITOWTIXE R
AR L e Bt (2003a) ASHMZLTEY, Fhi
& B LARFNNO F R TR HEM ORI B A3
AL TS, ZHRITMA TARKEAHRTHZ LIk
Y, Stll St2oHhfifOHEHI1km LBk T
WS, JATTHZIE W St.2120F, St.1& #7254 B) YRt
BB END e Bho bR ENS, £,
W (2003b) O TIX, FRIEIE ORI AT HED O
5%, FPOM ® CN LA ik 0 b PR TE< 25
TEEBMEL, WIINTREY R UEE G %
FHLTOWEHTHD EHRL TS, BE)ID X
5 72 LB BB D /N S DRI,  KRBIBSR)IO X 5 72
TAANEHNT A2 D NIRIB A TEERE T, WIERER |k
A DRHE THE D BT THWITHRAL TS,
LorL, ZOWIINTS, JEAEBYIZHREOBREITIN
U CTENENOHHERED L RRBNCAER S L Tz,
HL, # ARG TIIHESCKENRT M XY AED)
L, EABMORBELRESBFRITEET 52D (B
M- A1F, 1999), St2Tik, Rk L7z & 5 i Biic
BB STV BRI X L OB St.1 & Hig B HENS
Rk S e nretk bRl S5,

S EOFAETELEIE I NTZTOOBFRITONT,
B OFMNEB 2 E5%T 5L, 2R BEHE, St
27T20024E3 H I8 L CTL o Tefiild, —EDHPHT
B U A A BN b ve o fo, KA 2
RFHBURARENC AT 3B E 0 22 00s, il T,
FZD20014E4H L 2002430 L5 H ok X v %
Mole, HHVRR, TAEVRSEAF Yy, 7
v NET FIEIE, 20004 & 20024E & b IR ITR D
% HBLTEY, EFPPMEL TR LIS
BE S FET DEFEBLICEB LR L 2> T,
EHOL RIS WBICERTINEL T A BY
o, SEHEIL, #RIT20014E2 H %°20024E3 H 1%
St1X Y B HITEN St.2TE S HB LTz, L
L, TAEYLIEHTuviE, HETENZERY,
Bz L ietEnd v, A ORSRSAEBRITH -
T BB DI X B iTb b lahrotz, ¥
N E S Z RI20014E2 A2l 13 < @ St.2 TR
RbEhotc, i, BRI D/NIWRTO X X
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3 2 BRI S O RERS Ak O BT 293,
RIE - FEINE KIS TIT 5 7o, RO BFNIXR
H* CcHB#9 5 (Kuribayashi et al, 2006)., A
2 T20024F7THIT StITHHL TE o DlE, TD
£ O RGBT S BB OFBR B - Tehrd L7,

HABREES T OO LD TH DL EIFEET VI,
Tk - NSRBI ORE T I ShTn b,
TATEE 2 LD THMALL, EERHIITERWET
BUEAERE U CRROE L, BLIZER L Ol ORI R
ZHARD LD TH D, AR TIE, EERY L MBS
BiOBIRIZGEBIR D B E AL, BIICHIET S
RAHELTAEFNVEMAL . ZORE, KEF NV
TIPS A BT IEORE CRRT 2 Z &
bhotc, Fio, WO DB EA~D LB A
— U THE e R B E MR OFE R TIE, BIEEBTH D
WIEBREE S 1 HAAIHE % B &, TUKEE), Tiis), TR
OO, RAEE] bEMT5BIRICH > T,
FIRAETIED 52 UHEELINIL X035 2 Wiz 25E
LTRY, WEMTFIINOSTNTOREZREXL T
WL DT TIERNDS, A TOWHEBREE O WIER H
%, TR AR EOMEERNTH Y, WHEE
DN E AT W RESE 1T BT E AR 0,38 FL ) & PuE X
N7z, Merigoux and Doledec (2004) 3, JEZE#
OERBREICBL T, HESPRREY A A TERTIEE X
Vb, 3ot & <ITKELIEETHESI NS Y
N— REUTIE U TBEA RN & LT D,

Murphy and Griller (2000) 1%, FiRE<TF ~U
B ADOHREDIEETWIRHEOTE I T 5L LT
BV, %7, Newbold and Cushing (2001) i, 4%
ITHEREREH OERITIET b Y X A O B ORL
EbRHETLLEL TS, RIFETESHZ TR
U BHIRERETH Y, F, HERELABRH
LEERTHIRHLHRIBEATREY, b OHE
FELTEFT NSA X APEETH D, AfHEETT-
Te /N O T R itk T O R EBWRHEOERTER L L
T, 7 8T A & RIEZE OHRABEIGRE AW TN O —
WABEIZ L 2 b D72 Ex@BMWEMITIALNCT 2 L,
B, U —F A7 — A TORFEBZBHL TN Z
LB, SHIIRDBOENDES S, TO LT, BREHER
EIERAEYIREE ORI BIRIT OV T & S ITHE 25
Bzl WHBREICMAT, FhY 22—k
ERELEDIEMBRBEZRE L CET N2 S D ITH
HETHLERD D,

Z %

1. dbdEE O HARUHINITAIE L, (LR e BT
<R EAISkm O/NA)ITTH B IRE)INT, S
A RBUEH HEBN W) O Sp BERERILAR,  REERARE, & O
BRIGEN & OBRZIH O T LTz,

2. 2000420~ 520024E12, FI ORI HEKHET & 85k 1%,
B, B, B OSHNZESE, Z o Rt o
[72>550m & 1.3km Q2 O, JEAETHY
DL L BIRENOUIERAZ IR L 7.

o EhE M2 A bic2 XY B E
(Chironomidae) 72 -7z, Witth&S CRI4EHEL
TeDiZ, AKEI I XM (Oligocheaeta) & )b
EVbIE AT a vt (Epeorus latifolium
complex) 7Z-o7c, WHULL OMHATIEH T VR
Bl (Tipulidae), ¥~ b¥E 7 ZJ& (Hydropsyche
spp.) 2, ¥, LOMETIE, HorvVhES
Z )& (Lepidosotma sp.) & X FIaxt (Ste-
rnomoera rhyaca) 3% 7»o7c,

4. FPEREB R Ik D L, 2HS oA YREE
%, HSRTRARSBE LR ENDIHBE
Bhote, e, BHEOLREIZLYMAZET T
LS CIRIERERTE - Tz,

5. LEMEETNICEY, DO, K bR
W, FEAMENL, EAEBY L TEoRYRBERIZS
5T ehbnrol,

AFAITSINL, FRAHE IR S L AR —

K OodbdmsrKEMRES) (B EHRIT S, KW

T - RICAR (i LARSERERYS) - B FLE

I - PRI (ki STk EIRES) ITi3fikic 2

WY, BIREREL LB TR - kHY

FEL s LR ERREIS) TP ZE Az BI L C,

INBEIRF ARG (R R 1) (IR RENT T, E 72, ValrE

TR CbiE R At v % —) ISR T 28

HTREY, FRITEHBL EIF5,

ZOWFZEIE, ERR12~ 1445 AL i B s s BT

72 TFRARASIRI I8 D 7K E BRI B AE T3 ORIl L D

—BrE L TiTo T,
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Examination of assessment method for fish body color using a modified
measurement head of a chromameter

Daisei Ando

Abstract To confirm whether or not the modified chromameter is applicable to small fish, verification using
masu salmon juveniles as a model was carried out. The body color of juveniles was assessed using a
chromameter (CR-300; Konica Minolta Sensing, Inc.) which reduced the measurement diameter, and the
brightness (L-value) was compared with that measured at the normal measurement head (¢ 11 mm). To re-
duce the measurement diameter, the normal measurement head was masked by a black or white-colored
board, in which ¢3 mm and ¢ 1.5 mm holes had been made, respectively. The L-value measured using the
normal head ranged from 33.16 to 72.95, and the mean value = SE was 57.19 = 1.21. There were significant
correlations between the L-value of the reduced measurement diameter and normal measurement, except for
one result (masked by ¢ 1.5 mm using the black board). The highest coefficient of correlation was calculated
for the diameter masked by ¢3 mm using the black board.

In the case of reducing the diameter to ¢ 3 mm, it was thought that quantitative analysis of juveniles' body
color was not dependent on the color of masking materials. However, the white board was suitable for mask-
ing material when the measurement diameter was reduced to ¢ 1.5 mm. These results suggested that a

chromameter could be used to assess the body color of small fish.

Key words : a5, WER, ¥7F7<A, LiE, #HEHE

Sci. Rep. Hokkaido Fish Hatchery 61, 53—56, 2007

Mg B Y 7 5 < A Oncorhynchus masou masou
DYRFREIEDOL N HHRITHITTREN MEL, 7
T2 R RV UF L DIREIT XV AR AITH
Azt L Ttn ZERmbNTnad (Hayashi,
1971, Z OFEELOBRITHBIC L > THREZOHR
Fb e HiES L IZRBEE Mo BMEEA Y (OFR)
PHAFI N, N—, UL —, BTHIREL N, H
AN MR ELHBIIN TS (AR, 1974). Zo®
FEFEETH 0 AR ER ETIIAHTH DD OD,
R=p B AE N b ~OZEATHERITH 572w, Bl%E

B DR EBUT X 0 PRIILHE AT 72 B A REME S 5 2
bihd, i, WLV rEagicEss7~d
Oncorhynchus masou ishikawae TlE/S— & ZE )L
kDR 2 —EFEUE T 5 HINA S, A fEiz M
WIEREDOZBIRHIi T Tng GH 5, 2000),
% 7z, & Z A Paralichthys olivaceus =° < % A
Pagrus major &\ o fe 7 AlifEE A JE Cld g tazsit
TR U 7o A3 BREE 4 0 BT SR 1y 1 0 18 W2 B
RIFETH D Z LTty (FHAL, 19975

IO, 2001), AR X B ARG R v

JbisE s K EERR LY (Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaido 061-1433, Japan)

E-mail: andod@fishexp.pref.hokkaido.jp



EDBLED S b BRI,

P T ACBNTH BB AETIC XL B RaDER
LT TRy, DI ZRTHWE LY (BHNZR
BA0, A%100L T 54T, BN, HiTL LR
T52) IEAEN MU EFREmMZR39 2 &35
NTHEY, ZEN MEOEREL ORBINAS
(Ando et al., 2005), /S—& REN kEERTDHER
OIEEL 72V 5B Z L MEIN TS (TH - KR,
1994),

—J, IR LB, ¥ a¥ Oncorhynchus
keta HEf TH REILEY, 720 B Ry3
CFUORMBEML TN I EBALR TN
(Nakano et al., 1988), Z D Z &ixy u¥rHEfaic
BNTh gt L2 a0 RILNTHETH S
TLeERRLTRY, APAETHNT L2 WAL
MRS IR ] 0I5 12 D R T & BB D B
LhL, TNETHA, T~d, H7I7<AD0KMA
Al TERBIZHR S h e tg gt (a=h vk
T Yy s (B $LCR-300 : T-H « Kk, 1994 ; 75
Kb, 1997 5 R 5, 2000) 1%, HAEEHS mm (2L
T, EE%E ¢ TRT) THY, KEEHO XS ITHh
TR 2 JE T 254021, BIELL mm Ok
Ho AN (a=hI /v vr s (KR #
CR-A33a) ZEELTHIEZETS OB—KINTH S
T, HREOE VNI DOREITITES 20, Lichio
T, vYua¥PrHfao X5 /Mt lE T 2551203,
HIEBROHENBBE L 7255, THE CHREOHEE
i TIEAB R Z D o356 OFAEFITHE Sh TR S
9, Fih, MU OBETARAETOAEICEY A
KEEGOITBBEN DL H B0, NI DEHTES
PE S IREDD o TR,

RIREITRER, o u PO XS /N
TP TIET S L EAHEL, VT~
ATV E U CGRE ORER L AR AT 5
TR X 0 REMD DRI L HER (BUF,
INWEREFRT D) THREEZIEL, W ORRELL
W2 Z LItk v ot EREEL 2.

MR, dbHEE LK ERL S THRIE ST 5 A1
JzEREE L7 F< A 1+51A %W T, 200642
AMBIFITHFTiT T, 60RBZREL, BXE%
HIE L Tctk, MWERMmOKD ZROTEBAE] Tt
O LMEEBIE LTz, SRS WS 2T B & e
SN AABITRRAN U e, 7B, Byt cofliEk
O (HIIEEIL mm) Z2HWHlE o,

W

JEX2 mm CTREAESPRABERE (727 )Y
UF— (R, 401, HIFKS502) ORITENZI 63
mm & ¢ 1.5 mm ORZRF, MPIELL mm 0¥
fRICHEE SR LITE W I T AMEE Y, WEO
S DOWEREMNT B Z L TfioTz, BB, ZDH
BOMPEEAEEOERITHL 2D,

1RO faIC> & L CHbBEoRE E2fio7e (911
mm, HEHKD ¢3 mm & ¢ 1.5 mm, BEAHD ¢3
mm & ¢ 1.5 mm)., HEHAITEFE OWE (¢ 11
mm) TiE, TH - AL (1994) Zfv, HEORD
LT H B IIRDHWE 22 % — < — 7 DR _E DIRAL
(A TRVWIEAIXFEM L & 2 bNndhiE) &L,
f/NAERZ AW llE T, 011 mm THIEL &
LAEOEAE BN DGITICENBEESEDED L5
IZUTe, £z, #/MUERZ W ZRIE T3/t %
WETDZEEMEL, WE~NY NORES TAKES
DIFRNE D ITT D7, WERFLIZHE~Y Kol
Ex ENHIZL, flErEio NrbllEd s kT
fiot. Eiz, WE~NY KOThEYILT S0, @
WOBIZMBOlREHEEL, OOz~ KDk
WikHb¥d XL THlEEIT-7 (Fig. 1), ll
ERTH, Hoklaliol s S 2itiET520 L
itz 10[RFOHIE L.
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Fig. 1 A) Measurement head of chromameter. The head
was turned upside down and a color board, in which ¢3
mm or ¢ 1.5 mm holes had been made, was placed on the
measurement head, and the body color of the fish meas-
ured from the lower side through this board, using a nor-
mal head of ¢ 11 mm. A fish was placed on the hole
(arrow) to measure the body color. B) The underside of
color board within the dotted line. The ring was attached
to the board to fix the position of the measurement head.
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Fig. 2 A) Correlation between L-value of the re-
duced diameter masked by a white board (¢ 3
mm and ¢ 1.5 mm) and the normal measurement
head (¢ 11 mm). B) Correlation between L-value
of the reduced diameter masked by a black
board (¢3 mm and ¢ 1.5 mm) and normal meas-
urement head (¢ 11 mm). Asterisks on coefficient
of correlation denote the significant relationship.
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(Short paper)
An Odd Cyprinid Fish Mylopharyngodon piceus (Black
Carp or Ao-uo) Firstly Recorded in Open Hokkaido Waters.

Kazuaki Naito*' and Teruhiko Awakura™*

Abstract A gravid female black carp Mylopharyngodon piceus was captured in the Ishikari River, Hokkaido,

Japan. The present paper is the first record on black carp in open Hokkaido waters.

Key words : black carp, ao-uo, Mylopharyngodon piceus, first record, introduced fish.

On 8 July 1999 an odd and large cyprinid fish
was captured in the lower reaches of the Ishikari
River, Hokkaido, Japan (Fig. 1). Capture gear
was a set net for smelts and other small fishes.
The captured fish is shown in Fig. 2. The mor-
phological data of the fish are shown in Table 1.
Counts and measurements followed Masuda et al.
(1984), all the fin rays were regarded as soft fin
rays.

According to the morphological description in
previous studies (Nakamura, 1963, 1969; Berg,
1964; Miyadi et al., 1976; Masuda et al., 1984), the
fish was identified as black carp (ao-uo in
Japanese) Mylopharyngodon piceus (Richardson,
1846), by having the following characters; mouth

terminal, no barbells on upper jaw, snout some-

Fig. 1 Map showing the locality of capture and
the Ishikari River basin including the branches.
Black circle indicates the locality of the capture.

Table 1 Morphological data on captured black carp. Counts and measurements followed Masuda et al.
(1984), all the fin rays were regarded as soft fin rays.

Measurements Counts
Total length Standard length Weight Pectoral fin  Pelvic fin  Lateral line Sex Age
(cm) (cm) (kg) rays rays scales
95.0 86.0 11.8 17 9 45 female over 117

*1

*2

JbiiE ST K EMRIEY; (Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaido, 061-1433 Japan)
LBk Lz > ¥ & > MLIESZ#: (Sapporo branch of Hokkaisuiko Consultant, Tsukisamuhigashi, 2-20-5-
10, Toyohira-ku, Sapporo, Hokkaido, 062-0052 Japan)
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Fig. 2 Captured black carp, Mylopharyngodon piceus. 86.0 cm in SL. Considering the injury of the speci-

men, showing right side.

what pointed, lateral line complete, 17 pectoral
rays, 9 pelvic rays and 45 lateral line scales.
From the examination by touch to the abdomen,
the fish was considered to be gravid female. The
age was estimated at over 11" by the examina-
tion of the scales, although it was impossible to
be
Japanese waters, black carp were recorded only

absolutely precise. Previously in open
in Honshu Island, this paper is the first record
in Hokkaido Island.

Prior to the original description of the Richard-
son (1846), the black carp had already been cul-
tured widely in East Asia, as a member of the
Chinese carps so-called “four domestics” (grass
carp Ctenopharyngodon idella, bighead carp Hypo-
phthalmichthys nobilis, silver carp Hypophthalm-
ichthys molitlix, and black carp). Of the four
domestics, black carp had the widest range, both
in terms of temperature tolerance and geographic
distribution, the occurrence expanded approxi-
mately from 22°N to 51°N in latitude. Unlike
grass carp, introductions of black carp were
often unintentional, particularly seeming to be
the results of “contaminant” in grass carp fry
(Niko et al., 2005). The introduction of black carp
to Japan and the establishment of self-sustaining
population in the Tone River were also seemed to
be the typical cases of the above-mentioned
(Nakamura, 1969).

To establish a self-sustaining population, black
carp is considered to require the large river, such
as that in continent. The Tone River, however, is
believed to be the smallest river in which black
carp successfully reproduces naturally. The Ishi-
kari River, in which firstly recorded the present
black carp, is the one of the largest rivers in
Japan along with the Tone River (Fig. 1). When
the Ishikari

River may have sufficient size for the reproduc-

solely considering the river size,

tion of black carp.

The present record provides important informa-
tion as follows; namely that the first, black carp
may survive over 10 years and mature in the en-
vironment of Hokkaido; the second, the potential
to establish the self-sustaining population in Ho-
kkaido is suggested.

Preceding the paper, the information about this
record had already mentioned briefly in the data-
base web-site of the Hokkaido Government con-
cerning the introduced species, Hokkaido Blue
List (Hokkaido Government, 2004, http:/bluelist.
hokkaido-ies.go.jp/, available January 2007).

We gratefully acknowledge Mr. Tsutomu Oka,
the president of Oka Suisan, Ishikari, Hokkaido,
who firstly found out and distinguished the odd
fish. The fish was preserved as the stuffed speci-

men in his own restaurant.
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