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Monthly Changes of Fish community in the Lower Reach of the Gokibiru
River, Northern Ishikari, Hokkaido, Japan

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

Abstract

Dynamics of the diadromous fish community and their stomach contents in the lower reach of the
Gokibiru River, Hokkaido, Japan, were investigated from April to October in 2001 on a monthly basis.
Biomass and population density of the community changed three to four times in ranges by the
diadromous migration of floating goby (Gymnogobius sp. 2), the passage of masu salmon smolts
(Oncorhynchus masou) or spawning adults of Japanese dace (Tribolodon hakonensis) and the up stream
migration of tyuman river sculpin juvenile (Cottus hangiongensis) from the sea. Composition and quan-
tity of floating goby, masu salmon, Japanese dace and tyuman river sculpin in the stomach contents
changed every month. The four fish species had a species specific dietary composition. These results
suggests that the ecosystem of the lower reach of the Gokibiru River was a dynamic community based

on the migration of diadromous fishes.
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WBAEL, ZA6ORMITIIN G B L SRIREEF S
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7Y F USOSTEBHER S, Thbid 3Tl Ll
WRTHD, KfETE <Y FIY, HrFavh
T, VITABIOY Y < 204 AN L L L
T THHAFRIZIRE)I il THER S e i ofd
AR DI~9% 255 (FH B, 2004).

BEOGRYA X, EREESLUREFE

20014F4 7 7> H10H O & NN SR O L R0 k%
At L7, ificidmLr 2 be 7 v ¥ v — (Smith-
Root, Modell2) %My, [rZE¥E (Cowx, 1983) I
XV O ERMAEEERD T, FREDREIT3ME &
Ulze A RMAARE 2R T L Tlm* 472 o
RUEHE Rk Tz, T OFAEOBICERE S o
2k (BEL, V7ABIUTY 7 I ATIIRBIXE)
Zlmm B CTUE L, ZHERERE)IITERE L EAR
XV Bk ek hE L OBHRA (Table 1)
e ffio THREICAI L T, SRR I B ER 2 ko,
AR RS & SEa R ER & ORI X v BifFR AR D T2,
HEIERAT — VR HEET DRDOBE LT DT, #
LT AB OB ORISR L, —Hofiikizo
W R L= ) VARERTHEE L TR Y, 4
RO & ToTe. £, Y7 T RTONVWTIEH
SR AL LT,

Fig. 1 Map of the study station. Open arrows indicate flow direction.



TR O T il JHRF AR H 284

Table 1 Regression formula between body weight(g) and body length (mm).

Species Formula Correlation coefficient Sample size
G. sp.2 y=2.90x—4.85 r*=0.965 163
C. hangiongensis y=3.18x—5.23 r*=0.986 71
T. hakonensis y=2.87x—4.66 r*=0.979 100
0. masou y=2.93x—4.76 r*=0.990 56

y:Logn(BW), x:Logu (BL)

BEORN

HRFRO R Z M ALENBEM DI X 0 FH~Te,
7 7 A XS O T DWALE O — R £ TONE
WS4 L U, tho3FEiLE o RNEY %5 ik 4
& Utz HALERNED R O > 7 i3 SRR
IR OBITEIE LIz ik D 5 545 A 3~ 11 % v
Too BAREODSEMAE OB EITIE, MLEAEDO
S TD R0 e, v TAFRERE HIZ10% %
MR~ LK THEEL, #H, FEEEMETT
MALENERD %P L Te, BALENEMOSERES &
OIRFEARIT Y > 7 VR D K5 ZHITORD AT T
0o 72 #120.01lmg BN THRIE Lz, TOHEICED
BEROHEMOMEIT 6N UANLE IR TS
(Kawaguchi and Nakano, 2001). 515 o fHi i
IZ AR OMERZ0.01mg HALTHIE Lz, ZOfE
PHMILERNRORERZ % LWl falkE &
L. SRt OHEZAKRETHRLU CTHAKRED
20 OWALERN R EREZ RO, MARERICB T 50
ALE N R PIRLAR O FHBLE % Morisita (1959) @ C.iF
EROTHRHE L, C.oBHIZIZ/ME (2001) @
gy 7 hERWk, CIEIZ0»rH10MEL Y, 2
FRER OWALE N 2 Ll UTcRg, Wi o HIL
PRSI T 2856, EIZF URE OFOH
BIBEN L DI WA ICHGEWEZ R,

BRBLUEE

THREICERTIREOEFRRT—SLBN
Y=uXxdly, hrxavhTH, VIABIOY
U< ADHBEES B X OWILENEME 2Nt
U Fig. 2& Fig. 3 1T, WILEARDOMRERICEIT
% C.15%% Table 21TR LTz,
JeHEE DY ¥ 3V FOEINIS AP E D, 1%
E2P S & ShTnd (%, 1987). AFH#IC

BNTH, SHREAKRDOHERICY < TFI Y O
LIMEIEBR OISR S e, 7B, ZThboiie
HFRIZERMITHET S Z L PR ThH -2 2 b,
AKHBEDOF — R ITEDIRPo Tz, 733 ) T lE
BRI OEFG AR L, WITRAE U 7oA fld e B 1 b
WL, LIS < ORMERETEE Uiz, Wil k4
% (A%, 1987). AFA Tk 8HRKICLE3S~40
cm OF— KB ICHE L (Fig. 2), ZTOE— K2
W E U7 S8 Th b EHEE S NS, Lo T,
RENOY <Y X%dVIISHKRPH6HARITEIL, M
AL #03A1~27 A T DA g O B, 8 H 1Tl 115
k¥ LExbND, AREITRE)R RO 2 A6
ICHAERT DS (FHB, 2004), )i E
Bidoh - FHRIDE AL CTERT 2 L Ex b5,
PESNHNZ M 72 55 A RO RO DE— KB
2% ERLZ E2D (Fig. 2), AROH L5
ERIETHD LHESND, =TT ) OHILEN
BWEIFAA R~5ARICEL L, ZDA0~T0%010 7 1
v HSHTH o (Fig. 3). 6HKIZITHZ avHE
MOMBEEZWA L, Nz B HNEE N
DOIIT0% % e, FARHZHILERED OREDSA
KOKIZ%IZE TR L (Fig. 3). THRITAKRD &
NTEHGHHBIFEAEHBE LR LY, WILENSY
BIISAKRDI0% LT LeoTe, BARLIKE, MHALEN
YN 2z ERERAESHEBIT S X0 ik, AR
WokEIFRA I L 72 (Fig. 3).

B a v hThOEESMIE, 4AKIZLEES~6
cm [ZFE— R&FOREE 2K1lem M Eo KBRS
L Tz (Fig. 2), &&5~6cm I2E— N&ERORt
XA 28 U ORI TE 5235, &RKllem ML Eo
FHISARLIE, & HO~MAGSHR SNSRI Lo
7z (Fig. 2), dLiBIcR T2 Favh P h o
PIHNEA~5H & S (4, 1989), FESIMNIC/AR2 5 &
Tt TR LT e i b R iftisi~ & B8 L CEi
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Tribolodon hakonensis and Oncorhynchus masou from the Gokibiru River in 2001.
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Fig. 3 Dietary composition in stomach contents of Gymnogobius sp. 2(Gy), Cottus hangiongensis (Co),
Tribolodon hakonensis (Tr) and Oncorhynchus masou (On) from the Gokibiru River in 2001.

Figures on the columns are sample size.

ZHM$ % (Goto, 1987). AFETS, 4AKITER
H L e R llem B EOMEED 5 6 O 3ME K D LRI
EEEL, EINENONEH O L&A LKL, Zh
LD LG, KFHETIARITHER S e KR
FIED T DI B s~ BB L T & 7ol
MkTH 2 LHEllEND, I F a7 h D iEmpmE
WERIDAEFES AR L, WAL LTl b Ic ke L C,
Kl A oM o i)l B33 (i,
1989) . AHA TIXTH RKIL4E3~4em OE— R3H
L, ZNHIEL LS Thd EHESH
%o ARTRE)IIPRICO AT D2 D (FHD,
2004), I LRI R - FRBUCIE 28T 5 L%
ZbNhb. BrxavhdhOMILENAEROREIX
AHRICHEA, 6HRITIRS LR, WHEOETTHY
Thot (Fig. 3). THRIM, WHLENRTORE
A U723, 100 RIIFHOHmM L7z (Fig. 3).
HALENERE, THRETIEA ey YR
N HERPREDS0%LL EA HlcdizkiL, 8H

REUFIZZNSIMAT N ESr TSRO HBERS
{7gote (Fig. 3)e B Fa v h T OWILBERNE
PRI K AERBAETH DTy LILE
TH5HOOHLNVOMPARR Y, WO C.
BB E THO6HAKD0.370CH -7z (Table 2),

7 7 A 1E5 A RKITE X Eldem Bl o> KEUE A 53T
wanfe (Fig. 2). TNHIFBHAEELREL TWZ
Lrh, BhEEkTH D LMW TE o, dLiEEo Y
A VTR R O AR U (5 - B, 1993),
ZDEFER DT T A1, WALBRIED S BEEZ W) T
EELTOOBEMEL, RS EUEOMEER D%,
BEA O TN E$ 5 (IR, 1989). AN
BTl CEET 52 L b (FH, K¥ER),
5HRIT N Wil Tl S e BRaE X, HEren S %
JESA~ W BT 2R EThHoc b EXA BN, VA
DR X ESMIX8AKRIT/e B & 4~5cm ITE— N3 H
BL (Fig. 2), Mifardhifificd 2 %A1 6
WAL AL CTERLZ LR SN, A%
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Table 2 C, index (Morisita, 1959) of stomach contents between fish species.

C. hangiongensis T. hakonensis 0. masou

27 Apr.

G. sp.2 0.127 0.000 0.051

C. hangiongensis 0.000 0.107

T. hakonensis 0.000
30 May

G. sp.2 0.066 0.004

C. hangiongensis 0.014
28 June

G. sp.2 0.370 0.250

C. hangiongensis 0.191
30 July

G. sp.2 0.179 0.005 0.172

C. hangiongensis 0.014 0.234

T. hakonensts 0.114
31 Aug.

G. sp.2 0.064 0.014 0.272

C. hangiongensis 0.006 0.218

T. hakonensis 0.003
21 Sep.

G. sp.2 0.029 0.164 0.045

C. hangiongensis 0.062 0.130

T. hakonensis 0.071
29 Oct.

G. sp.2 0.101 0.000

C. hangiongensis 0.000

WL T4~10cm ORAGEIE ICRES NI LD,
FHIIEY A1t e > TY) - HEAWIOETORETH S
LEZBND, T A OFALENEHIT4A K, 8
ARBICI0HRITEHEE 7 MY X AOHBIENRZ <,
TARBXOCIARIZMAFELE ZOMOLLEBFE > T
(Fig. 3)o Z45 OERRHIAL D3RO MALE > B 1
FEALHIBLBEWSDTHY, 771 LFERTD
CHEHUI0E I ER 1B WMiiZ R L (Table 2).
B I ADRIEMIICE D L, AARIZAEN
k (smolt, KedEilOMEN) 2T TH o (Fig. 2).
INBHDRENL SO S B0 A LA & 2 L
el Zh, WIhb1 " Thole, BRINOY I F< R
Hfaidoh - ERIICE <52 s (FHB,
2004), ZhbOAEN MIBEIET S0 ich - Bk
WrbBHLTEbnLExbNS, THRILRS

LR Y EA~Tem OMEADPIMA LT3, i bid10
ARIZIZZFE A LIRS N2 B> T, LR T,
V7 T AWM OE T, BLOWII &L 217
TORTHBRICEET DL, TS AEEEOBE L
WhOEHEIEN D, L, duiEErmsom)ITik
BREMT D97 5~ ZAOGHMN TR T4 52
EOFERSNTEY UMk, FE), AlERA 4 L
LZano T 1IH R B3H ROA IR, 25 L7
WA R L Tz b 5. 27 5<%
OWHALENEY OREITAA RITITABREDLI% LR T
HoTetd, THRLBEEE ITHIN LS A RITIXAKED
3%ITEL e (Fig. 3). MALEMNAMHIRIEEICKAE
IIXM, BRAERR, "THYHHBIOS vy HY)
MTHote (Fig. 3)e NTHPRSH 7 ay HE R
BEENDETEY~UFI IR FavhThe,
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Fig. 4 Biomass and population density of Gymnogobius sp. 2, Cottus hangiongensis, Tribolodon hakonensis
and Oncorhynchus masou in the Gokibiru River in 2001. Error bars indicate 95% confidence intervals.
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Transformation of an Ecological Niche of a Nonnative Black Bass,
Micropterus salmoides Found in Some Aquatic Systems in Hokkaido,
as Studied by 6”C and 6"N

Tomiko Ito”, Satoshi Kudou” and Kazutaka Shimoda'?

Abstract

The ecological niche of a carnivorous black bass, Micropterus salmoides, was studied by stable carbon
and nitrogen isotope analyses. The black bass could have been introduced very recently in Hokkaido,
northern Japan, because it had not been found until recently. The carbon and nitrogen isotopic discrimi-
nation on feeding process were estimated by laboratory culture of M. salmoides using a monotonous diet.
The isotopic enrichment factors between diet and fish muscles were estimated to be 2 and 4.5 for carbon
and nitrogen respectively. When the isotope composition of diets was changed from the initial condition
in the beginning of the culture, "C and "N of muscles were gradually shifted adapting to the new diet
during six months. The turnover time of carbon and nitrogen in the fish muscle were observed to be 1.5,
0.5 and 0.1 month™' for carbon and 0.9, 0.7 and 0.2 month™' for nitrogen in each two months during the
six months culture, respectively. Based on these experimental results and comparison with the isotope
composition of aquatic organisms from the same ecosystem, we estimated the elapsed time after intro-
duction of M. salmoides which were caught in two local aquatic environments. Seven specimens of M.
salmoides collected from Yoichi Dam, Yoichi-cho, in 2002, might be released to the dam in a few months.
On the other hand, M. salmoides collected from Nanporo Pond, Nanporo-cho, 2002-2004, was separated
into two groups; one which might have been released a few months earlier and the other which might

be released more than a half year before.

F—TU—R: AT F R, gL, &, ZEFMELL, R, ¥ — A — =X A1 A
Key words: Micropterus salmoides, niche, Stomach content, Stable isotope ratio, enrichment factor, turn
over time.

7 AV BEFEORER, FF 7 FARBRE GB 192541257 7 i~ DB AL KM LT a 7 F 82 M.
BT 2y 7 /8R) OHARTORELITHISOERT T E - dolomieu b, 19904FARIT72 o> THFHRCRFR O
oo A A7 F/NA Micropterus salmoides 1319254F RS 72 CHERR SN e 0 2 )8l v iz, A RTER
IZHNZR)IIRFE /7 ~EA SIUTESR, 19804E R E TiT KIGAE ZHeiF T (hJF, 2002),  dLifRETIE,
Wl & AL E 2 bR < RENCR B> 7 (hJF, 2002). 20014EFRIT O KFHEE AN OM T (Fig. 1, OH)

Vb LK EREYS (Hokkaido Fish Hatchery)
2 g, JbmELHEN KEERERYS (Hokkaido Wakkanai Fisheries Exprimental Station)
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THDTAE I FANREL a7 FANROLERDBHERS
7o (L, 2002), AMEHTIZA A7 F 3R EAFHIT
X BWBERCEDSBEIL L TN Z b, JLmEfIZ
20014F10H,  dbifsiE N7k AR BB o — R UUaE %
v, FF 7 FARBREL TN — XN OB Z
L7, LAaL, 2002—20044F 12, KifilTR &
2 (Fig. 1) CrlRET Ik AREOM (Fig. 1) TFA
7 FNARH TR SN (T, 2003), BfEE
TIZMHE &R X A TIEEBEIC L IZIEELRER
IR ENTeR, FMEBUKARTIES R BHHADD E,
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L b LR FERORIT X B LRI OIEA Y &2 0Lk
RO EPEEIND,

W N TR AR el Ul /A e e ST 71
L Z 7 FARAOBMEERR, TF7FAABIVT
AT IR KOG H LT RN H & 734 L C,
WEEIKIIT BT B A4 7 F RN ZAOBER X O
MEHET DL EANE Lic, £, ZTOMHFTITH
WhTw, BNRBERRIZE D A A7 FARZDFRNER
IHRRRL L & — 2 F— = F A BERIE LT,

A&

1. A+ 7 FRROEN

K2 L KA BEIZB N TR LT A7 F
NAZEL, TOHNEMZTI~Tz, FEEH R
RTTH JTBWTIZ2002F9H 2H—3H, FEIEBIA L
BT 33U TIE20024E 9 A 15— 19 H 38 X 1200346 H
290 —10H19ATH 5. HHNAEM O EE % 1Img HAL
THOBBHEICIZ L, T fEE TH L CTHN Mk
N2 OFANRYERICHMA Lz, 47 F 2D
v TT YR (EELSg BUR) OfEL 2%l (k
#H700g L E) OBITHT, ENENOREICONTH
WA R Ol & BHEE 2Rk T,

2. fABERRICEDRIERE L X =2 F ==& A A
DHIE

FERITA N e A F 7 F AR, 20024ETHIZT T v
U NARIEZEE D AT L. ATREOFIGETIZN
dg THotle, AT FNRITIIANLER (T T T
v, KAYFus stk FEk o, b=,
F—=hrI—-0, FA4v v aI—), £—Rb, HHEEf)
%Z 45 %2°C, FRP filEM (60cm X 40cm X % & 50cm)

Yy

2 | d
Chitose River

200 m

HOROMUI  CANAL

C

NANPORO POND

Fig. 1 Map of the study station. Open arrows indicate flow direction.
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BAg 2=, N=80
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Weight of stomach contents
per fish weight (%)

Fig. 2 Dietary composition of stomach contents of
M. salmoides from Nanporo Pond. Each
hinge bar shows range of standard error.
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Fig. 3. The isotopic enrichment of carbon and ni-
trogen associated with feeding process ob-
tained by laboratory culture experiments of
M. salmoides.

THHE LT, KEOKZEIF4A0cm & L, f55#1600ml
DREPTRL, =T L—varetaiciinol,
FEBITHE SN TSRS CoEAEZ L —& — TN
LT, ZTORER, KIEIF8—10A121%15.5—17°C,
12—2/1TiX14CITitien Tz (Fig. 4A).

A2 BRI D20034E8 H 1T, AT X 5 itk
BoOWEDD, A7 F-AR (CEEkE24g) 2h
WL THTIE, NLEE L S TRERMKILE
HIE LTz,

&= F—N—525r1F, 20034E8 H A IRk i B
50 TRtA L, e LTl (Fig. 1, AHD
THRELNHELKELS-25 gAY E
Palaemon paucidens i H20—30/85- %, F#H42H
RKET6, ARG L. DHTiTlnWiet+ 7 532
DOV R EIXEERBAAI ICI3HI35 g, #&TIREHITIZHI95

;3 17 + A. Water temperature
E 15 ¢
13 . . . . . A )
A-03 S-03 O-03 N-03 D-03 J-04 F-04
20T B, Weights of fishes analysed
C}
kS
o0
H
g
A-03 S-03 003 N-03 D-03 J-04 F-04
-20 "
5% C. 8 "®C of fish muscles
22 +
-24 —_—3
8 '3C of food (freshwater shrimp)
_26 L
28 . R R A R . ,
A-03 S-03 0O-03 N-03 D-03 J-04 F-04
20 r
D. & '5Nof fish muscles
8"™N
18 /i

16 bl ~_ /
8 "N of food (freshwater shrimp)

14

A-03 S-03 003 N03 D-03 J-04 F-04

Fig. 4. Time course of culture experiment of M.
salmoides; (A): water temperature, (B):
body weights of fishes, (C): 6"“C of fish
muscles, and (D): 6 "N of fish muscles.
The mean and the standard error of each
data are shown for each point.

g Thotk (Fig. 4B)e A7 FNRL ATV ZEIXIZ
EIH AR 7Y 7L, ST 5 E TmiE
IR LTz,

7B, BRRANOFF 7 FAROFLE <Tew,
B HEK IS E O LAl 2258 L CR)INTBOR L Tz,

3. RME L LHRBUKARICBITZ2AE 7 FNAD
FRAf & B B

&ifix s (Fig. 1; 43° 9 16”7 N, 140° 40° 57 E)
%, R Y FI O BFRICHE 32 B 2 AT,
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SEZK I D HEAKTEAF0.08 km*Td 5. 20024E8 7 IT A A
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AL e A A7 F R (kE6—360g) , £DHN
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nozawae, 7 ) Carassius sp. %€ [F Wik bt 2 ]
E LT,
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L CTHEBNZIBUL T, THfE0.079 km*THh 5. 2002459
RICARDFF 7 F /S AR S, 200346 —9H
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sp.), BIMICLEERLTWE AT ) Tl HF
Hypomesus olidus ZM4 L, LEFRNMARLZHIE L
co

= ¥ = A Oncorhynchus mykiss ,
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O EZRIR L EZ 5, § "N TIHHEEITED
LN, §°C TRFFUHEEDLHAMDK
1%l > 7z (N=3, t #iE).

L8 A A e o 2 Ik e et (EALLL0,

Thermo Electron #1:) & EH &/ #Hit (Delta plus
Advantage, Thermo Electron #:) % L7z H &
LR ASEE 2 W e, e AL, BRI
THT AL L TRAUC L > TR LT,
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2T, RIFPC/C £7IE N/ NA&R L, B
IFR#ETIZPDB, #E#ETIEKRATOEEZL Lk,

SN LT OSSR, KR, k%,
Appendix 1 2R L7z,
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720 OENRMER% Fig. 2101 Uiz, A4ERMEE L
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(BARED0.006%LLF) OKERMR (A ) HRIAA
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Fig. 2IL7RL TV, RITTX ATHIEL et 42 F
NRAD S B, BABMO TN TARRIE TN TE
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DHMHER I N, ZORIT T THAKED0.313%
(REdEdE 0,449 5 N=10) (ZHIM LTz,

B IZB I DA F AR GO R, T
(2002) At EFFHROB T S N3 7 F RO
BHpb AV T EEHERA LI O M—DFETH Y,
SRl OTRERRB2BIH L 725, —F, AMEHITE
WTIIEE < oERH Y, BIZIF, iE (2002) 3=
HROFEFW BN TIE, ~NEROI Y RY
Rhinogobius sp.& TEHNRL S EXLNTND L]
HBLTWE, Fh, B (2002) 1ZREIRFEO)IFE AR
BWTIX, "ERIOFF T Tridentiger obscurus &
=2 5 27 N¥ Rhinogobius giurinus RNERETHD L
MELTND, B, IF 7 FARINED a1 kL
AHCTOYAEHET S 20 (WX, i,
2002) , RHCBAME LB G, 2002) b S
T3, SROFERERIZE S L, miRE kKA R
ERTZ LD T 7 FAROBENEWHEIL, Zhd
OWER & —F L, ILEBHEIZBNTH AN E MO R
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W VL D EEEEIN 213 U b SR T et o kIR A i
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INBEF 7 FARAORRMMEE L EZ BND, —MkIT
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X Z3—-4LEnTn5b (Fry, 1988; Hesslein et al.,
1993; ®)il, 1997)., %7z, FEHEDO—AN - FTHIE, Jb
HHEDRICERT 2V 7 T~ AMMITONWT, fRFE
2.0 %0, ZHEFHEA3 %ol VO EHMIREEZREHLTVWS
(FHS, #FE . N2UTONTITEE B OMBIRY,
IRARERELDRFZEHNI T A2,

i H FERIT BT 2 /N AR O R R L DAL 2%,
AV oA E & DT, Fig. IR Lk, K#
LEFNIIRLE, #ELEFMELE BT, kick
EXOTHLTHY, T4/ FANRCELD AV EDHE
BIFERATH T2 LRI PR X5,

SRR RN AR T, HEERLHIE-20.1 %o TH o
Tes, 29 A%ITIZ-23.0 %o, 4 AITIE-23.9 %o, 6
B A%ITIZHI-242 %o L HERE LTz (Fig. 4C). X —V
F—=N—FiL, EHIO27 A5 A7, ko2, H
1305 - A7, Z0kD27 41301 A THY, 4n A
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FEBIA 6 » A TIRIEFIPRBIGEL e BB 2 L
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FERZEFNALLIE, FERBHIARITIX145 % TH
0, 2% H#%ITIFHI165 %o, Z D25 HHITIZIT.8 %o,
WIZZ D29 A%ITIX18.2 %o L HER LTz (Fig. 3D),
=2 F ==L, KPO2HHIZIF09 - A-1, &

D2x AIF0.7 - A-1, ZORD23% 11302+ A-1TH
Y, §°C OHE LFKRIT, ROIDOEIANRET, KA
TR T2 DN AR B, L, § "N
MR EIIR45TH B DT (Fig. 3) , &KMZR 6N
IX19RiR IR D dbOLEZX BN, #oT, NAM
N D EEFLE [N L A HRIRRB I8 3 % % TITiE,
B—F—NR—EPRSBRETLRNEL TS, Z0%k
TR CIEHBMNAr ArhdLExbN5,

FEROB T — 2 A — N—RBREFT2HA L L
T, WHEEZBND OO KREETH Y, KRIER
ZBNTH Zo R EW (Fig. 4B). LA L
BPIZIFKE O T b AT T (Fig. 4A), 1&(m
DOTeDITRE PG R o TeZ b —RE o TW
ZREME D B

RULLIZHITDFA Y FNRROEREM A
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FIBLfR L % Fig. 51ZR LTc. /S ADSHHEIZE IR
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20024E7TH L 10H ITERE STz 6 °C D-27—-28.5 %o
HD&-30 %ol D, 20024E9 H ITHRAE S z-25.5—
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Tzo

RE TR L iRimfa e iS5 %, 32070 —70
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A F AASDFHNKAZ T2 ED L, RFLE R
Hi3-28—-32 %0, ZEFRLERALARILIZA—5 %o iR
2720, HELTWD AN, FRCHNICHERS e
AV T EOLEFMMAELL (Fig. 5, OHl) & R&<H
2%, o T, RITFLATERESN A7 F R,
ZOKIBOBMNMEEESTRE LI EITExI1TLL,
PR & ST EE RO S T W REMEDS V. Tz,
SUC DE—vF—R—2 A NIF, HEI00g DX
FRATHI6Hn HTH % (Fig. 4) DT, 20024E4TH
EATEMESNIeA L 7 FANADS L, Sl bk
H10g L Fo/NMEDffA (Appendix 1) 1%, Bk
NTrH6 AXEBL THRND O LHfEE SN D,
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Fig. 5. 6 “C and & "N of M. salmoides, other fishes and shrimp collected from Yoichi Dam in 2002. Arrows
show 6"C and 6 "N of estimated natural diets for M. salmoides based on the enrichment factor ob-

tained by the culture experiment.
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HERY b4

2002—2003F D EHI. 2002—20034F 1 e I 7K 23
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¥, vXdVEOIE, Y4, YIOAROUE, AV
TEORERNAHIE, EFETT—145 %o, WFHET-22
—-29 %o DHIPHIZDH > T,

NANL, FITRFELEFRALAR T X Y AHER100 g
DHDE, KES00—700g DHDED2OD T N—TF
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ERB RN 22 14%TH - Te.

EB00—700 g DA A7 F/NAILDONT, KFHET2,
BEHFETLOORMRI AW T ED &, HORBLE
RN EEIE-26 %0 & -28.5—-29.5 %0, ZEFHLEERNiME
FEIE10 %oRiifh & HEE STe. T DfFOHEEHITBIA
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700g OAF I FANRZIND ORANMEERELGL TR
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WS TH =V —N—FPME R L Z b, RE
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REPEASH OV,

—J5, HER00g DA 7 FNRIZONTHD &,

L, M and S of O. mykiss: see Appendix 1.
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500-700 g DA A7 FAREFLRTODDOTHY,
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15 (about 100q) A. Nanporo Pond,
o ox . :- A 20022004
I 00-700g) WM. salmoides
12 : ++ o O X Crassius sp.
-+ 0 A Rhodes ocellatus ocellatus

11 F A Atl A © Hypomesus olidus
10 & X Chaenogobius sp.

9 r A A Rhodoniichthys laevis

8 X + Psuedorabora parva

7 r X O Tribolden sp.

6 —_ O Palaemon paucidens

-30 -29 -28 -27 -26 -25 -24 -23 -22 - 21

s'*c
15 r
14 | u M.(sgslan;c;)des B. Horomui Canal near
i3 Nanporo Pond, 1 May 2004
» In stomach
12 r 2 O shrimp
11 O3 O A fish
4 (Pseudorabora parva?)

10 o A

9 L

8 1 1 1 1 1 1 1 1 J

-30 -29 -28 -27 -26 -25 -24 -23 -22 -21
s'°c
Br M. salmoides C. Nanporo Pond, 14 June
14 } W (314 g) 2004
A
13 } In stomach
O shrimp
2 1 o2 A fish1
11 F (family unknown)
~ fish2

10 r 10A 2 (family Cyprinidag)

9 -

8 1 1 1 1 1 1 L 1 J

-30 -29 -28 -27 -26 -25 -24 -23 -22 -21

0"C and O0°N of M. salmoides, other fishes and shrimp collected from A: Nanporo Pond in 2003
2004, B: 6“C and &"N of M. salmoides and its stomach contents collected from Horomui Canal
near Nanporo Pond on May 1, 2004, and C: 6“C and "N of M. salmoides and its stomach con-
tents collected from Nanporo Pond on June 14, 2004. The numbers shown in parentheses are the body
weights for M. salmoides. The arrows show §6“C and 0"N of estimated natural diets for M.
salmoides based on the enrichment factor obtained by the culture experiment. The small figures in B
and C: see Appendix 1.



Appendex 1. Collecting data of aquatic animals shown in Figs. 3—6
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Fig Scientific name size 4 Locality Date Body Weight Body length  Remarks
* g cm**
3 Micropterus salmoides FE T FINA Laboratory 12 Aug. 2003 231
” n” ” ” 24.4
” ” ” ” 23.7
4 Micropterus salmoides FE T FNA Laboratory 12 Aug. 2003 35.6+7.3 mean*SE
” ” ” 31 Oct. 2003 74.8+9.2
" ” ” 30 Nov. 2003 783%7.9
” ” ” 31 Dec. 2003 69.9%5.5
” ” ” 31 Jan. 2004 82.8+6.1
v ” 7 29 Feb. 2004 98.2+7.0
5 Micropterus salmoides FA 7 FNA Yoichi Dam 19 July 2002 359.0 26.5  female
” ” ” ” 368.0 276  female
” ” ” 23 Oct. 2002 9.6 8.9
” ” ” ” 77 8.5
” ” ” ” 6.4 79
Oncorynchus mykiss S =U<AS 08 Aug. 2002 3.1 6.4
" M 7 M ” ” 175.7 23.5
” M 7 M ” ” 165.6 23.5
” L ” L 4 7 4481 30.8
” L ” L ” ” 390.3 31.0
" L 7L ” ” 429.1 32.0
Salvelinus leucomaents TAA 4 ” 224.3 26.5
” ” ” ” 271.6 26.5
" ” ” ” 324.7 29.5
Cottus nozawae NFIT T ” ” 45.1 13,5
” " ” ” 68.0 16.5
Carassius sp. 7F ” ” 270.4 23.7
” ” ” ” 254.8 23.5
7 7 4 7 113.1 18.2
Palaemon (P.) paucidens AYxTE ” ” about 2
” " v " "
n n n " n
Micropterus salmoides FF T FINA ” 02 Sept. 2002 about 10
” " A " A
n " n " n
” n " ” n
6A Micropterus salmoides 327 F/3A  Nanporo Pond 19 Sept. 2002 489.7 31.8 male
” ” ” 29 June 2003 694.2 34.7 male
” ” 4 16 Aug. 2003 940.5 375  female
” ” ” 19 Aug. 2003 about 10
” " n " n
n n n n n
Carassius sp. 75 ” 26 Aug, 2003 70.6
n” ” ” ” 17.2
” ” ” ” 18.3
Rhodes ocellatus ocellatus BAN I NT )T ” ” 2.6
” ” ” ” 3.3
” ” ” ” 2.5
” ” ” 19 May 2004 4.2 6.2
” ” ” n” 4.1 6.0
n” ” ” ” 2.6 5.0
Pseudorabora parva 'Y 4 26 Aug. 2003 4.0
” ” ” ” 3.8
” ” ” ” 35
Tribolden sp. v 7A@ D1k ” ” 9.4
” " ” ” 8.4
” n” ” ” 9.3
Hypomesus olidus ARV T IHX ” 19 May 2004 6.0 9.5
" " ” " 4.8 8.7
” ” ” n” 7.0 9.3
Rhodoniichthys laevis T aXh e ” ” 2.9 7.1
” ” ” ” 2.4 6.5
Chaenogobius sp. v X3V RO ” ” 25.2 12.6
Palaemon (P.) paucidens Ay ¥ ” 26 Aug. 2003 2.6
” ” ” ” 19
” " ” ” 18
6B Micropterus salmoides F4 27 F/3Z  Horomui Canal 01 May 2004 692.3 male
Pseudorabora parva? 'Y I? 4 ” 2.3 in stomach
Palaemon (P.) paucidens AV TE1 ” ” 15 ”
” n o2 ” ” 0.9 ”
” 7 3 ” ” 2.0 ”
6B Micropterus salmoides F% 2 F/3A  Nanporo Pond 14 June 2004 314.1 male
fish 1 (faimly unknown) £l (BHA) ” ” 0.8 in stomach
fish 1 (faimly unknown) fal (BA) ” " 0.5 "
Palaemon (P.) paucidens AVTE] ” ” 2.2 ”
” o2 ” ” 0.9 ”

* S: small, M: middle, L:large.

* % Total length was shown for Micropterus salmoides.
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F10&%ET - 25 (1955)

1, BEOEINTELNT (FEINERED)

el = Gt s - £351L%) 1-6)
Observations on the natural spawning of the
salmon, Oncorhynchus keta. Conditions of the
spawning Bed.

Seizo Sano

This reported on the result of observations on
the natural spawning of the keta salmon which
have been done at the following rivers; Shiriuchi,
Moheji, Yurappu and the tributaries of Tokachi.
In Hokkaido the salmon which come up streams
gather in certain spot in the river in order to
spawn at almost definite time of the season. The
spawning place is selected by the fish on the
river bed where there abound medium sized
gravels measuring 0.5cm—3.0cm in diameter but
the muddy or of finer sand bed is rarely utilized.
Naturally there is a closs relation between the
constitution of the river bed and the spawning.
Generally the water temperature at the spawning
season in Hokkaido lowers down to 1'C—2°C and
the water is frozen partly. However, around this
season the temperature inside of the spawning
bed ranges from 4°C to 11.5°C showing the differ-
ence of 6.6°C on the average from the surround-
ing water. Though the eggs in the natural
spawning bed are somewhat deformed by the
stress of the gravels there occurs no retardation
of the development, the form being recovered
gradually by the stage of the eye development
(with the black spot visible from outside). The
hatched out fry which locates in the finer sand
bed is often brought to death being prevented

the crawling out. We find in one spawning bed

745+£211.8 M =*1t.05 Sx) eggs in number on the
average. The vitality of the egg in the natural
bed is shown as 93.2%+1.87% (M=t.05 Sx).

2, JEHBEREREOINICET S - S0
FHZINORNE XY R kD R Iz OV T
HHURTE CbmE RSk ESAR)  (T—20)

Some observations on the eggs of the mature
salmon (Oncorhynchus keta) in Hokkaido, with
special reference to the race of salmon as charac-
terized by the size of their eggs.

Muneshige Watanabe

So many studies have been published on the
autumn salmon (Oncorhynchus keta), which run
up the rivers of Hokkaido to spawn, that their
races or groups have become pretty clear. In the
present study an attempt is made to compare the
sizes of the eggs of the mature autumn salmon
from nine Hokkaido rivers (Fig. 1). Also some
observations on the salmon eggs are set down.
The mean diameter of the eggs of each salmon
was calculated from the volume of all the eggs of
each fish. One can get more appropriate value of
the diameter of the salmon egg by this method
than by measuring it with a micrometer under
the microscope. The results obtained are summa-
rized as follows:

1. A tendency can be recognized for the number
of eggs of a salmon generally to increase in pro-
portion to the size of the fish  (Fig. 2).

2. Another tendency can be recognized that
number of eggs per unit body weight of a salmon
generally is greater in small fish and it decreases
proportionally in larger ones (Fig. 3.).

3. The size of the salmon egg generally in-
creases in proportion to the body length.

4. There is a difference of about 1 mm or so be-
tween the minimum and maximum diameter
among the entire production of eggs of a salmon
(Table 6).

5. It seems that the number of eggs of a salmon



is in inverse proportion to the size of the eggs of
that fish.

6. Comparing the egg-sizes of the salmon from
the nine rivers in Hokkaido, there is no distinct
difference worth special discussion among the
salmon in the seven rivers (Shikiu, Yurappu,
Shiriuchi, Amano, Shubuto, Teshio and Abahiri)
though more or less differences may be found
among them (Table 7 and Fig. 4).

7. The eggs of the salmon in the Tokachi River
are especially large and those in the Chitose
River are especially small. In these two are found
remarkable egg-sizes compared with the others
(Table 7 and Fig. 4).

8. In this point of view, at least among the
salmon of the nine rivers considered in this
study, the salmon in the Tokachi and the Chitose
will be recognized respectively as separate or pe-

culiar salmon groups.

3, BEANTHMEITR T D2 AZREBILOMTE 55—
FFou I &L 2R NIz T

WH f JLfRE R - O W] (biE R
AR (21—-32)

On the activity and fertilizing capacity of sperm
in dog-salmon (Oncorhynchus keta)

Shun Okada and Tetsushi Ito

The spermatozoon of dog-salmon has a long
tail measuring more than ten times of head
length, showing about 36 microns in total length
(see Fig. 1.). It remains immovable in the sperm.
When the sperm is diluted by tap water, the ac-
tive movement of the spermatozoa appease within
about 30 seconds and then the activity decreases
gradually until it becomes immovable after about
60 seconds. The preferable period of the activity
of the sperm after stripping out of the fish body
differs much with the temperature. For instance,
it is about 4 hours at 33°C and about 7 days at
5°C. Within the range of these temperatures,

there seems to exist a certain correlation between

the grade of the temperature (x) and the
preservable period of the activity of the sperm
(y), being represented by an equation x(y+a)=k,
provisionally x(y+1.1)=45. The rule, however, is in-
applicable to the temperature below about 5C.(s
ee Fig. 2. Abscissa; storage temperature [‘C] of
sperm. Ordinate; preservable period [day] of ac-
tivity of sperm.) The stored sperm exhibits good
fertilizing capacity even just before the lost of ac-
tivity. For instance, the sperm stored at 0°C for 7
days could inseminate about 90 per cent of eggs.
When the sperm is stored in the condition of air
interception, the preferable period shortens re-
markably, e.g. the activity is extinguished after
the storage for 40 minutes at 20°C, for 60 minutes
at 11°C and for 180 minutes at 0°C. The activity
of the sperm is recovered gradually when the
sperm is exposed to the fresh air. If the, period
of air interception lasts the longer and the stor-
age temperature is the higher, the recovery of the
activity of the sperm takes the longer, and more
exhibits almost a linear relation between the pe-
riod of air interception and the duration of recov-
ery at each temperature. Beyond certain limit of
the period of air interception, the recovery of the
activity occurs no longer. (See Fig. 3. Abscissa;
period [minute] of air interception. Ordinate; pe-
riod [minute] of recovery of the sperm activity)
the above tendency was observed also in the
sperm in a killed fish body. The sperm the body
losts the activity after 60—90 minutes at 15°C of
body temperature. When this sperm exposed to
the air, the activity of the sperm is recovered
gradually unless the sperm is kept in the body
excessively long. The sperm which has recovered
its activity shows good fertilizing capacity just
like the fresh one (96 per cent). Strange to say,
the sperm which does not yet recover and shows
any activity retains also the fertilizing capacity
though naturally it shows very low percentage

(46 per cent).



4, B oY aaRNS ORIE LRI % et
INRET R (BB SV - £95188)) (33—42)

A consideration on the method of measuring the
scale size of the salmon (O.keta)

Tetsuo Kobayashi

The fact that the growth of the scale of the
salmon is proportional to the growth of the body
has been ascertained since long ago. However, it
is generally recognized that the growth of the
scale is easily affected by the living environment.
Therefore, many researchers have attempted to
identify the strain of the salmon judging from
the feature of the scale growth which might be
influenced by the circumstances it exposed. The
method of the measurement of the scale is varied
according to the worker and there has been
arisen some uncertainty in the result. On the
chum salmon the author has, therefore, tried to
find the most reliable method of the measure-
ment having examined carefully the methods em-
ployed by others. The most reasonable site of the
measeurment of the scale radius should be on
the line which connects between the center of the
scale (N) and the middle point of axis (M)
formed by the both outside margin of last resting
zone on the juncture of the exposed and covered
portions of the scale. The author has also made
clear that the feature of the growth of the scale
is not the same under all circumstances. On one
and the same individual the size and the growth
ratio of the scale show much difference with the
place of it sampled giving statistically significant
values. Accoding the computed body length
might be different in accordance with the place
of the scale sampled. From the above reason it is
necessary to select the portion of the scale to be
measured when we intend to judge the life his-

tory and the strain of the salmon from it.

5, V7 IROINFENIC LS D LBk
PEHTE R CEiEEE=RY) (43—52)

Morphological and histochemical studies on the
blood cells finding in the yolk of salmon embryo.
Hideo Nishida

Histochemical observation of the salmon em-
bryo, Oncorhynchus keta, revealed the occurrence
of remarkable and abundant blood cells in the
yolk of embryo. The blood cells distribute in sin-
gle or in mass adjacently to the oil drops. The
nature of the blood cells was observed applying
Lison’s benzidine reaction to peroxidase tech-
nique. The results of the observations with the
above technique showed that the nature of the
blood cells was indicated by, 1) absence of the
cell division, 2) the cytoplasm fused into the yolk
in some cases, 3) the cytoplasm is positive to the
pexidase reaction as same as the nucleus, but

not positive to methyl green.

6, fefHE RO (1) RS o PG R
(FEFN294 1)

PPl CbisE ST - £95E8) - ) R i
B - 275108 (53—62)

Marking experiments of young salmon in
Hokkaido. (1) Results recaptured in 1954.

Eiichi Sakano and Shigeru Hara

7, ACEETHE & AT fik 0 B 4 D B 58 S MR fR A7
R OEBNTHUNT

EHME (H4 82 JLmES g - £3.51k8)
(63—72)

On an aberrant form of chum salmon taken from
the northern Pacific Ocean and some examples of
salmonoid fishes in Hokkaido.

Hirochika Hikita (Former name; Toyohiko)

Abnormal materials in this paper were col-
lected by the Ginyo Maru Fleet of the Hokkaido
Fishery Co. Ltd., during fishing seasons in north-
ern Pacific on June 14, 1954 and by local officers
in various rivers of Hokkaido. Among the latter

was involved some examples of the lack of



adipose fin, acute sharpe of teeth, curvature of
vertebral column and strong dwarfish form and
so on. On these above abnormalities the author

was discussed morphologically.

8, LRI O fk i foln Bl sk (B
REMR QLB ST - ETSEBERELY) (73—
82)

On the recording equipment taking a count of
salmon-numbers by the utilization of photoelec-
tric cell. (Preliminary note)

Toshio Suetake

9, WIiR324F (1899) K v MAFH304E (1955) X2 DX
ZriiEEE A (Oncorhynchus nerka) DR, RHE,
L R O B 12 2 DR IS k3 5 — 5 %%

S CeimEsLKERALS) - e i (kied
SETKEEWRESS) (83—104)

A consideration on the frequency of length,
weight, condition factor and on the secular varia-
tion of kokanee salmon (Oncorhynchus nerka) in
Lake Shikotsu. (1899~1955)

Tateo Mihara and Hiroshi Eguchi

10, X TR O B X ORI ITOWT

LH 8L ClbMsESLKPERALSS) - REEIE (ki
SEARPERRESS)  (105—108)

A study on the use of pine-tree for carp-nests.

Hiroshi Eguchi and Yoshinobu Oya

11, =T HA K - 70 TR S PN R
KREFIE CbisEkERLS) (109—114)

The effect of the disinfection of malachite green
upon the carp egg.

Yoshinobu Oya

12, Jb¥EEVEER IR D/ = v ORIRFEIN OBILE
533 19554E AR Z= DOREACIRMLM I 5 Bif I XA 1
B RIKFEINIR Dk Bi%5¢

HR IE CEAKEESHR) - KAUE— (L sr ke

WAL - JRIERERY CledsE LR RERYs) (115—

132)

Some observations on the natural spawning of
the spring herrings along the western coast of
Hokkaido. II. Fishing condition of spring herring
in 1955 and underwater observations on the natu-
ral spawning ground of the herring at Tomamai.
Tadashi Tamura, Shinichi Ohigashi and Takeo
Hirobe

The present investigation was carried out at
Tomamai on the northwestern coast of Hokkaido
in the spring of 1955. The amounts of spring her-
ring catch in 1955 were very little than hereto-
fore. Recently, natural spawning grounds of the
herrings in Hokkaido are gradually becoming
narrower than before.

Year 1952 1953 1954 1955

Length of spawning grounds in km. 62 29 38 6
Amount of fishing herring (X1,000 kan.) 7258
5632 2974 721

The number of the herring eggs from the natu-
ral spawning ground counted from 222,100 to

4,287,160 per square meter.

13, BB NS — I mic>nT 1O
BHE/NPUER CledsEsrk e L) - ikl 8 (i
B oM s CedsEsSTKEERLES) - LI
K ALHRELKERMEY) (133—144)

On the egg distribution of Alaska pollack
(Theragra chalcogramma) observed in Funka
(Uchiura) bay, 1954. I

Koshiro Ito, Tadashi Fujita, Seiji Hayashi and

Masao Yasukawa

14, WLKIBIZHE BN D — I3 IcoONT 1T
BHE/INUER  (ILiEsST K EERMESS) - AiEEkE i
TENLAKPEMEYS)  (145—160)

On the egg distribution of Alaska pollack
(Theragra chalcogramma) observed in Funka
(Uchiura) bay, 1955. 1T

Koshiro Ito and Sumio Kurahashi

15, WKWEPER T b7 & FHEAIZDONT



REAG— CILHEESLRFERLY) - G/ (It
TENLKPEMRLYS)  (161—168)

On the Alaska pollack juvenile (Theragra
chalcogramma) taken from the Funka bay.
Shinichi Ohigashi and Koshiro Ito

16, [ i R A

1 SR Gt E K pE R Y) - ARk B Gt iE
IKEERRIRYS) + RHAE— Otk R ) -
MG GedtimE kR Y (169—216)
Limnological studies on the lakes of Kunasiri
island.

Mitsugu Takayasu, Kenzo Kondo, Shinichi
Ohigashi and Kunio Kuroda

This report is the result of the investigations
carried on 6 lakes in Kunasiri Island (Kurile
Islands) during summer seasons in 1934 and
1935. The items of investigations are as follows,

(1) Morphological survey of lakes Depth Area
Rivers (inflow and outflow) etc.

(2) Physical and chemical observations Water
temperature Air temperature Water analysis
Biological investigations Zoo- and phytoplankton
Algae Fishes and other animals Authors deduced
from limnological observations, the fish produc-
tivity of these lakes, and mentioned on a plan of

fish culture in these lakes.

17, BEF O AmEgE (1954426 H o HR)

BR W GbE s - 395408 - S
WRESTKPERLYS) - HEEPTR (Il KEENR L)
(217—230)

Limnological study of Lake Mashu. Conditions on
June 1954.

Takashi Kurohagi, Kiyoshi Yoshizumi and

Tetsuo Kai

18, ZREEMIAR &0 ZrcAafp)il OB — L3 KB
T5—E% (CRAmHAERREB. O. D. OHlE)
TLE 3L Cleplso KEERRLY) - SHEEs Ceifid
SEKEEREYS)  (231—238)

A consideration on the chemical contents in the
Ishikari River (Asahigawa to Ebetsu) observed
from fish-cultual water. (Measurement of bio-
chemical oxygen demand: B.0.D.)

Hiroshi Eguchi and Kiyoshi Yoshizumi

On March 30, 31, 1955. The authors have inves-

tigated the Chemical contents of water
(Measurement of Bio-Chemical Oxygen Demand:
B.O.D.) in 10 stations of Ushubetsu River
(Asahigawa) and Ishikari River (Asahigawa to
Ebetsu). The consumption of 5 day B.O.D.
ranged from 0.9-120 ppm. More than 5 ppm of
B.O.D. consumption was shown in water in
Ushubetsu (B.O.D. 21-120 ppm) and Ishikari
(B.O.D. 6.45-24.0 ppm). It is apparent the fact
that water is polluted by the wastes of industrial

locating along the Ushubetsu River.

19, AFENIAE OZHNEALITONT

FEEL CeELKEREY)) (239—258)

The seasonal observations on the chemical con-
tents of the Ishikari River.

By Kiyoshi Yoshizumi

20, TCEEIRSORRIC BT TREICBIT 53R (352
)

L= Al LK EERAES)  (259—281)

On the influence of several chemical compounds
upon fishes (II)

Mitsugu Takayasu

In this paper the author presents a series of
experiments on the influence of several constitu-
ents of industrial wastewater upon fishes, in or-
der to obtain some data to estimate the injurious
effect of industrial sewage on fishery. In these
experiments salmonoid fishes were used that is
most important commercial fish in Hokkaido and
has close connection with river pollution.
Experiments were carried out as follows:

(1) Lethal doses. In several glass vats,



containing 2 or 3 liters of chemical solutions of
different concentrations, test fishes are take in,
and the time of survival of the fishes are re-
corded, As lethal dose, for convenience sake, de-
cided the minimum doses in which fishes die
completely within 24 hours.

(2) Minimum abhorrent doses. Specially de-
signed troughs of running water type were used.
In these troughs two different flows of water,
practically not intermixed, were made and test
fishes could able to swim from one flow to other
freely. Chemical solutions that to be tested were
added to one of the flow and observed whether
fish abhor or not the chemicals and minimum
abhorrent doses were applied. From these results,
taking into consideration with those of the previ-
ous report, author presents some data of mini-
mum harmful doses of 44 chemicals and some

industrial wastewaters.

115 (1956)

1, STMAOLERHA (4 HEEREICHRAT S S UHE
FUTDONT

VAR CbRE ST - £3.588) - BiREE b
MHEST - £9508) - OHlloRil dumE s - %
TS5 (1-6)

An ecological study on the salmon fry,
Oncorhynchus keta (4). Some observations on the
chum salmon fry entered into an irrigation canal.

Tetsuo Kobayashi, Yasuji Ozaki and Yoshio Ito

2, EEANTLHLICRIT 2 AZRBILOMIE  (23H)
K1 O D AAERE 1T DN T

B A5 EERE RS - A)N5ERE (hifEE S
- ET5EE) - ANFE— (JbfpES T - 23514t
%) (7—18)

On the viability of the sperm and the egg left in
the dead body of dog-salmon, Oncorhynchus keta
(WALBAUM)

Shun Okada, Yoshio Ishikawa and Gi-ichi

Kimura

In the most of the hatcheries in Hokkaido, ar-
tificial fertilization of the dog-salmon is per-
formed using the sperm and the egg stripped
from the dead fish which are killed with blows at
the first step of the procedure. The present ex-
periment has been carried out to ascertain the vi-
ability of the sperm and the egg from the killed
salmon. The sperm in a dead body preserves its
fertilizability comparatively long when the body
is kept at low temperature, though it reduces
quickly at high temperature. For instance, the
sperm can fertilize fresh eggs with good result
until about 90 minutes when a dead. Fish is kept
at 11-12°C. However, the fertilizability of the
sperm begins to decline even after about 30 min-
utes when the body is kept at 18-19°C. [See Fig.
1. Abscissa; Time kept in dead bodies (hour),
Ordinate; Per centage of fertilized eggs, A11-12
°C, O 13-14°C, O 18-19°C; Temperature of male
dead fish, Cont; control] The fertilizable period
of the egg kept in the dead body also varies with
the temperature of the body, but it is remarkably
long as compared with that of the sperm. For in-
stance, when the body temperature of the killed
fish is kept at 11-12°C, eggs can be fertililzed
with fresh sperm with good result even after
about 8 hours. The eggs kept in the body at 17-
18°C are fertilizable normally for about one hour.
[See Fig. 2. Abscissa; Time kept in dead bodies
(hour), Ordinate; Per centage of fertilized eggs
A 11-12°C, O 13-14°C, O 17-18°C; Temperature of
female dead fish, Cont; control] In order to inter-
pret the difference of fertilizable period between
the sperm and the egg, the oxygen consumption
of each was measured by means of Warburg’s
manometer. At the temperature of 18.7°C, one c.c.
of the sperm consumes 94 mm® of oxygen for 60
minutes, on the other hand, the same volume of
the egg only 5 mm’. At the temperature of 10.8

°C, the sperm consumes 21 mm’, the egg only 2



mm’. [See Fig. 3. Abscissa; Time measured (min-
ute), Ordinate; Consumption of oxygen, mm’ O
18.7°C, A 10.8°C, & sperm, ? egg, each volume
1 c.c] From this fact, the sperm loses its
fertilizability faster than the egg in the body of
killed fish, because of the reason that the former
consumes remarkably much quantity of oxygen

as compared with the latter.

3, B T ADY DK LRI RITTH oL
DMRERE (g R K EEE)  (19—24)

The effect of the control of light upon the rate of
smoltification and the growth of body of juvenile
masu salmon.

Tatsuro Kubo

The life history of masu salmon (Oncorhynchus
masou) is like that of coho salmon (Oncorhynchus
kisutch), but large number of masu salmon parr,
in contrast to coho salmon parr, do not metamor-
phose to smolt. It is conceivable that the rate of
smoltification might be related to maturation and
growth, and might be modified by some features
of the environment. The author examined how a
control of light modify the rate of smoltification
and the growth of juvenile masu salmon. Equal
number of fish were reared for one year, in three
ponds, which received similar care with the ex-
ception of the control of light. One of three
ponds was lighted also at night; the second pond
was 2/3 covered; and in the third pond, the fish
were normally reared as control. In the total body
length, the fish in the lighted group were largest,
the fish in the control group were in the middle,
and the fish in the shaded group were smallest;
but the mode of polygon of the body length was
not unique in each group. It suggests that each
group was intermingled from a fraction of ma-
tured large fish and that of immature small fish.
In the rate of smoltification, the control group
was highest, the lighted group was in the middle,

and the shaded group was least. The account for

such a difference of the rate of smoltification be-
tween each group, it is assumed that the light
treatment continued might be effectual to growth
and maturation of parr in the autumn of the first
year of life, and might control the thyroid func-
tion to prevent smoltification, and that the shade
treatment might be disadvantageous to growth of
parr which must have its influence to some ex-

tent upon smoltification.

4, JeHEER RSOl & 3 2 B
JEHRE (Ll S - £354085) (25—44)
Pacific salmon (genus: Oncorhynchus) known to
occur in coasts and rivers within Hokkaido.

Hirochika Hikita

There are three species of pacific salmon which
have been abundantly captured as commercial
fishery from all the coast of Hokkaido and its
adjacent water, though there are six species be-
longing to Genus Oncorhynchus in northern
hemisphere. They include only one native near
Japan and the five common species in Alaska,
Canada and North America coasts, and the bi-
ologists have hitherto attracted the attention to
them. In Hokkaido, chum, masou and pink
salmon among them migrate to the coastal water
to feeding or spawning during summer and early
fall, especially every year chum ascends the
many rivers to spawn during fall and winter.
They are mostly captured by the use of set-net
and gill-net in coastline as well as salmon-weir
setting into rivers. The silver or coho salmon is
rarely found in Hokkaido and the examination
was made on some specimens taken from
Yurappu and Shokotsu rivers. The king and
sockeye salmon are also rare to migrate in
Hokkaido, less than chum, but they are some-
times taken along the Pacific coast during warm
summer seasons. Therefore it is of almost no
commercial value as to those species. The species

for the artificial propagation are keta, masou,



gorbuscha and “hime-masu” so well known as
land-locked form of nerka. A considerable num-
ber of their fry which was artificially hatched is
released from hatcheries where located through-
out Hokkaido. The purpose of this paper is pri-
marily to introduce the general consideration of
diagnostic features, sexual characters, distribu-
tion, fish products and discussion of various

measuring methods of the pacific salmon.

5, fkAHE AR (1) fid B QMR AR £
OFHliER (MAS0AEE)

W Gt ST - £9.5188) (45—58)
Marking experiments of young salmon in
Hokkaido. (II) Results recaptured in 1955.

Ei-ichi Sakano

6, HlHE LRSS OMBEEHIMIZE (1) PEsEREfA X
D i L I BRI T

W2 JumEST - £3.58) - RBiREE b
HRE S - £9518) (59—64)

Bacteriolgical investigations on the death in
groups of salmon fry. (I) Observations on the
bacillus isolated from dead salmon fry.

Kazuhiko Nishino and Yasuji Ozaki

7, ALHmEIT AT B OfER & F AT ONT
JEREG  (65—96)

On the anatomy and development of carp in
Hokkaido.

Toyoji Hikita

8, JR¥E24-D AN i OEHE T SUE T IT OV T
LA ik GedmEsSrkERALSS) - BTk il
SEIKEEMRAEYS)  (97—100)

Effect on the tolerance of carp egg and fry in
some 24-D solutions.

Hiroshi Eguchi and Tetsuo Kai

9, 774 b7V —> (Malachite Green) IZBF
57, Zoillk
mR=w CbiEES K EREE) (101—108)

Some experiments on malachite green.

Mitsugu Takayasu

The use of malachite green solution as fungi-
cide for control of water molds, growing often
around salmon eggs of hatchery, is now usually
adapted to all the most of hatcheries. Salmon
eggs, which are protected with thick capsule, can
resist to some extent of considerably high con-
centration of malachite green, but the same con-
centration cannot be considered to be harmless
to fry. On account of the necessity of arranging
equipments, drainage of hatchery troughs in
many hatcheries flows down directly into the
succeeding rearing ponds. Accordingly, it may be
necessary to know previously the harmful con-
centration of the waste fungicide solution to fry.
From this reason the author presented on this
paper some data of bioassay upon the effect of
malachite green to fishes. According to the re-
sults obtained, salmon fry and gold fishes are le-
thal within 24 hours in 1/800,000~1/1,000,000
solutions of malachite green and within 5~15
hours in 1/500,000~1/600,000 solutions. It is true
that fry tolerate one hour or two in the water of
some such concentration as 1/500,000 or so of
malachite green, but from the fact that they have
been killed in the course of 5~15hours, there is
no gainsaying the toxicity of these concentra-
tions. To reduce the toxicity of malachite green,
an addition of a small amount of sodium sulphite
solution to the waste fungicide solution proved to
be best efficient. The addition of 14~15c.c. of 8%
solution of sodium sulphite (anhydrous) to 180 li-
ter (1 “Koku” ) of waste solution is mostly effi-

cient to neutralize the toxicity of malachite green.

10, KEEHIZK DA EEEREIZDOWT  (BEHR)

EZZR GBS EREY)) - 3A (eifid
SEOKEMMESS) (109—112)

On the standalization of water used as fish-

cultural water. (General consideration)



Mitsugu Takayasu and Hiroshi Eguchi

11, TSI AT % AR DA K & S5 A 5E ) o0 BifR
IZOWTORKE

LE A BB FEREYS) - BN & (bl
SEARPERMESS) (113—118)

The comparative investigation in relation to the
estimated fish crop and productivity of fishing
interest in Lake Akan.

Hiroshi Eguchi and Minoru Osanai

12, BIZEWD 70YF OWREEDRL 72 > 7 b > OZE(
A

£W fa CbisEsrKERLSS) (119—128)

The seasonal observation in some feeding plank-
ton crustacea of pond-smelt, Hypomesus olidus
(Pallas) in Lake Akan.

Minoru Osanai

13, 7Y FMOKEIZONT

FEEL CsESLKERALY) - 8 FEw (e
S - £T5M08) (129—134)

The chemical contents of Lake Chimikeppu.

Kiyoshi Yoshizumi and Ryuji Fumoto

14, RN T OB KSR EE ST
B W Gt s - 295488 (135—154)
A limnological survey of Takadomari reservoir.

Takashi Kurohagi

15, JEHEEA R OZ I & I A I RE S 5 5 E
IKEET )

B e S0 - 95188 (155—170)
List of marine-and fresh-water fishes and aquatic
animals found in some streams and their mouth’
s vicinities in Hokkaido.

Hirochika Hikita

This is a brief survey of the fresh-water fishes
in various rivers and marine fishes in the vicinity
of the estuary of their rivers throughout Hokkaido.

Most of the collections upon which this paper is

based were made from 1950 to 1954. Among 86
species of fishes and aquatic animals, 77 species
are fresh-water and marine fishes. Fishes can be
divided into 4 types, namely — fresh-water,
brackish, marine and anadromous fishes, by their
habitats. The writer is also considered to have
two forms in the dace, Tribolodon hakonensis
and one of char, Salvelinus leucomaenis, such as
land-locked and sea-run forms of masou and
sockeye salmon. From the distributional stand
point, some kinds of fresh-water fishes found in
Hokkaido are more widespread to northern areas
as Saghalin, Kamchatka, Marintime Province of
Soviet Russia and Alaska, and a few of them re-
semble to that of Korea. The most common spe-
cies live on almost every river sheds and have no
particular differences from the fish-fauna, with

the exception of some specific rivers in Hokkaido.

16, AEHGHPE REE#ME (Limanda schrenki Schmidt)
DUEAARE, AL NIV E IO T

BN A CeisEskERALs) (171—180)

On the computation of body-length composition,
length-weight relationship and egg-number of a
flounder (Limanda schrenki Schmidt) in Lake
Notoro, Hokkaido.

Hisashi Minagawa

17, JeHmEvagER TR T D H = > ORKEIN OB
A 1956472 D AR BL A T KR BN D S

G BigE

KW — CLisEKERALS) - WILIER (kisE

SE/KEEMESS)  (181—202)

Some observations on the natural spawning of

the spring herrings along the western coast of

Hokkaido. IV. The observation on the fishing

condition and the spawning condition of spring

herring in 1956.

Shinichi Ohigashi and Masateru Uchiyama

As the continuing work of the previous year,

the spawning and fishing conditions in



conjunction with their environmental factors of
spring herrings were observed in 1956 along the
western coast of Hokkaido. The catch of the her-
ring in 1956 was the poorest since 1938. The her-
rings which spawned in shallow waters were very
scarce, spawning area having extended only
about 8 km. along the coast.

Year 1952 1953 1954 1955 1956

Length of spawning grounds in km 62 29 38 6 8
Amount of fishing herring (X 10,000kan) 7258
5632 2974 727 433

The catch by fixed net was less in amount
than that by gill net. In the northern fishing
ground, from the fact that the spawned herring
were caught by gill nets at the considerable
depth (90~120m.), it is considered that the
spawning might occur at decent depth off the
shore. The actual spawning of the herring in the
deep water, however, were not confirmed on ac-
count of the turbidity caused by the milt at the

time of spawning.

%125 (1957)

1, BR324 (1899) X v IHFN304E (1955) ITH D%
iR £ (Oncorhynchus nerka) DOAAAERITHA
1F % P & BRI L DBIFRIZONWT
Zlgdk CeisEsLKERALS) - e A (ki
SEKBERESS) (1—6)

On the relationship between the average body-
length and the average number of adopted eggs
of Kokanee Salmon (Oncorhynchus nerka) ob-
served during the period from 1899 to 1955.
Tateo Mihara and Hiroshi Eguchi

2, BRENMACERA

R GUbifiERPERER S E B fl) - A Bk
GrdtiiEkE R EEET) - BHALS Golt
HREKEERR G EE B F) (T—18)

Limnological studies in Lake Mokoto.

Mitsugu Takayasu Kenzo Kondo Kunio Kuroda

3, HERATIM o P45aRAE  (RALEILAA)

LH 3A CbisESLKERAEYS) - &)1 A deifid
SEARPERRESS) (19—28)

A preliminary observation of the Katsurazawa
reservoir, with special regard to its suitability for
pisciculture.

Hiroshi Eguchi and Hisashi Minagawa

4, BGEITNT 20, R oM E R UKD 75
Y hToONT

Bk oM Gt - £358) - BN R G
HRESLRFERRLSS)  (29—38)

Recent observations on net plankton of early
summer and autumn in Lake Akan, Hokkaido.

Takashi Kurohagi and Minoru Osanai

A total of 75 species and 3 varieties of net
plankton including animal and plant forms ob-
tained from five observations in the early sum-
mers and autumns of lake Akan, Hokkaido, 1954-
1956 were identified. In early summer, the
zooplankton in which Bosmina coregoni and
Daphnia longispina were dominant was very
abundant, while the phytoplankton, the majority
of which was Dinobryon cylindricum, was poor.
In autumn, the zooplankton which was mainly
consisted of Bosmina coregoni and Mesocyclops
hyalinus was abundant, and phytoplankton, the
majority of which was Fragilaria crotonensis, was

also very abundant.

5, Wb LY BeKEAL T ORFJE

ERZW LB K ERESS) - 8 FEw (lbifgad
S - £S5 - BEACY (LK R
%) (39—56)

A method to purify wastewaters from starch fac-
tories.

Mitsugu Takayasu, Tatsushi Fumoto and Kunio

Kuroda

Waste-waters of starch factory are known to



render strongly the river pollution. As the active
period of starch factories coincides with the sea-
son of spawning migration of salmon in
Hokkaido, the terrible effect of the waste-waters
for the propagation of the salmon is the serious
problem. Since many of the starch factories in
Hokkaido are in rather small scale, it seems to
be difficult to order to prepare the complete in-
stallation for the waste-waters. Strong pollutions
to the important rivers of the salmon propagation
increase year by year, so the authors carried on
an investigation on the wastes treating plant in
the simple and low cost as possible. From the re-
sult of the investigation, it has been proved that
the use of modified, simplified trickling filter is
fairly effective to defect against wastewaters. The
authors present here the plan of the wastes treat-
ing plant, and wish to be accepted this method

by many starch factories in Hokkaido.

6, T EJIKEOZFEHELITONT

FEE L CemELKERLY)) (57—78)

Seasonal observations on the chemical sub-
stances of water in Tokoro River in 1955 to 1957.

Kiyoshi Yoshizumi

7, FhOLERE LFHIME Y AT RISE (IRE
[E) FEFHITHONT

B/ NUER  (IediE ST ERESS)  (79—82)
Ecological studies of Hypomesus japonicus
(Brevoot). 1. A morphometric study in Odaito in
Nemuro Province.

Koshiro Ito

8, FHOEREHA  1AE R OEINIEIZ DN T
B/ NUER (e STk ENRLYS) (83 —88)
Ecological studies of Hypomesus japonicus
(Brevoot). 1. On the genital glands and the num-
ber of mature ovarian eggs.

Koshiro Ito

9, FARPRIOMIE T B OMREN ITIESER D

BiET & X > BAGRIMERE O 5

PR (B RERMES) - mh 54 (eifid
SEAKREEMRESS)  (89—94)

Studies on the fish-culture food. I On the
growth and mortality of carp-fry cultured with
the food containing Vitamin B groups.

Tetsuo Kai and Hiroshi Eguchi

10, ZZ PRI OMIZE T (WHE L DN HE2EE fa D R
W RAZTHUEME R UL & X v BARRINERR ORI
2DNT)

PR CbimEsrRBERMES) - mo 54 (bifid
SEAREERRESS)  (95—100)

Studies on the fish-culture food. I On the
growth of carp fry and its yearing cultured with
the food containing antibiotic and Vitamin B
groups.

Tetsuo Kai and Hiroshi Eguchi

11, #AMEIOPIZE M OOV TRERFITIC X % #1
SR DR AABR)

LA 8A CbisEsLKEERAES)
SEARPERRESS)  (101—105)
Studies on the fish-culture food. I On the effect

- TR (bimE

of culture foods added with pulp yeast upon the
growth of yearing carp.

Hiroshi Eguchi and Tetsuo Kai

5135 (1958)

1, demERRITHBLT 597 D AERIZONT
S CeimEsLKERAES) 1—14)

An ecological study on the salmon fry,
Oncorhynchus keta, in the coastal waters,
Hokkaido.

Tateo Mihara

2, AFRIRIKR OWEIEITDONT (KD EANRE D
ROWIE)
TLE 3k CIWEESTREEREY) (15—18)

On the turbity of water in Ishikari River.



Measurement of percent of light penetrating into
river water.

Hiroshi Eguchi

3, dvifEiEkEkOKEER (V)

FEEL CLiREILKERMES) 19—22)

Data on the studies of chemical composition of
inland waters in Hokkaido (IV).

Kiyoshi Yoshizumi

4, FINOREEITONTORER (1) UHIFIC
DNT

BN A CedsESKEERALS) - AILIER (ki
SEKPEMAEYS) (23—30)

An experiment on the adhesion of fish egg. I.
On the egg of pond smelt, Hipomesus olidus
Pallas.

Hisashi Minagawa and Masateru Uchiyama

5, FENOREEICONWTORE (1) FHITONT
SFRBEL ClLiEE L KERLY) (31—38)

An experiment on the adhesion of fish egg. II.
On the egg of Hypomesus japonicus (Brevoot).

Toshiro Terao

6, HiEEfa (¥ ¥ v ) Spirinchus lanceolatus (Hikita)
DFEEITDONT

JEHEE (39—50)

On the development of long finned smelt,
Spirinchus lanceolatus (Hikita).

Toyoji Hikita

7, HEWRREOY Y v EOFMEIZ>NT
BHE/INUER (LB TR EERMESS) (51—58)
Morphometrical studies of Spirinchus lanceolatus
(Hikita) taken from Hidaka coasts, Hokkaido.
Koshiro Ito

The present paper gives some morphometric
measurements of Spirinchus lanceolatus collected
in Mukawa and Monbetsu, Hidaka coasts in

1957. The results are as follows:

1. The body length in spawning season ranges
from 118 to 121 mm. in the female and from 134
to 135 mm. in the male; thus the male is longer
by about 15 mm. than the female in length. The
female is weighed 22.9 gr. and the male 30.5 gr.
in average.

2. The proportion of the head length to the body
length indicates as 24.7% in both sexes. The per-
centage of the pectoral fin length to the body
length shows 22.1% in the female and 21.2% in
the male. The maxillary length is 47.1% in the fe-
male and 46.1% in the male. No difference is ob-
served by sex.

3. In general, the lower caudal lobe is longer
slightly than that of the upper one.

4. The number of gill rakers in first gill arch in-
dicates 38 (12+26) in general.

5. The stomach is v-shape in form. The pyloric
appendages shows a finger like shape, its num-
ber ranging from 3 to 6, and 4 being most fre-
quent. Of these appendages, one extends
specially over the posterior end of the stomach.
6. The gonad is asymmetrical. Right gonad is
larger than that of the left.

7. In the test of positional differences and slope
differences for the linear regression of interovarian
eggs to body length, no significance is demon-
strated between Mukawa and Monbetsu speci-
mens.

8. The vertebral number distributes from 59 to
63, 61 to 62 being most abundant. There is no
difference in the according to the sex and locali-

ties from which the materials are originated.

8, MHbdr D RAER (1) filiZ B LEIc X 5T
SN DAL VR Ao Bl 7 Rl

LH 3h CbisESLKERAES) - &)1 A Geifiid
SEAKREEMRESS) - S (ILHREALKEMR LS T i
X4 - AfEkE (s ERES T X8
(59—64)

Test on the improvement of hatching box. I. On

incubation of eggs and rearing of alevin of



rainbow trout by use simple vertical hatching
box.
Hiroshi Eguchi, Hisashi Minagawa, Nobuo

Hayashinaka and Sumio Kurahashi

9, FRAITIAT % ALHBHENE AN L OISO T
LA 86 CbdsESLKERAMES) - Bk M (dbid
S - £ 51L8) (65—76)
Recent observation on limnological conditions at
Uryu reservior, Hokkaido.

Hiroshi Eguchi and Takashi Kurohagi

10, & fEPELOMISE (IV) JRE I 2 BiIR R FL IR
INEIAE DR AR

SERBES (edmESkERALS) - e 34 b
SEAREEWRESS) (T7—82)

Studies on the fish-culture food. IV. On the effect
of culture food added with skim milk upon to
growth of carp-fry (Cyprinus carpio).

Toshiro Terao and Hiroshi Eguchi

11, ROz (V) S PERFIAIC X 2 2%
DR HE R

LA 36 CILHRESLKERMES) - SPRAR (dbiE
SEARPERRES) (83—87)

Studies on the fish-culture food. V. On the effect
of culture food added with sp. food upon to
growth of yearing carp (Cyprinus carpio).

Hiroshi Eguchi and Toshiro Terao

%145 (1959)

1, BANNOWNIGEHITDONT (&5 HE )

LA sk edmESkERES) 1-12)

On the physico-chemical conditions in the spring
water, with special regard to its suitability for
pisciculture.

Hiroshi Eguchi

2, R R OKEN CNTEE DO ZFHifZE LI OnN T
= (bmEsKERLS) (13—24)

Seasonal observations on the chemical sub-
stances of water and mud in Shari river in 1957
to 1959.

Kiyoshi Yoshizumi

3, ACHRE I Ul oD KB R Rl

LR 3h CbisEsLKERMEY) (25—28)

A report on the water components of coastal
water in Kushiro province, Hokkaido.

Hiroshi Eguchi

4, BRI 2 B A O SR TE) 2 BE 5 R
WLZW GBS KEERALS) - 5 #En kil
S - TSGR (29—36)

An experiment on the abhorrent motion of adult
salmon against colored industrial-waste water.

Mitsugu Takayasu and Tatsushi Fumoto

5, MW RENTKROZEDORAE), EENE TR
DD F1 43 DI L

KA — - PUB/NLAS  (37—46)

On the comparisons of some morphological char-
acters of the pond smelt, Hypomesus olidus
(Pallas) taken from three lakes in Okhotsk Sea
coast.

Shinichi Ohigashi and Koshiro Ito

6, YTy EDAMERA 1 ZINBOFHF D
W E, fip & 2N OBIRITONT

B/ NUER - (Iedii ST K ERRLYS) (47 —56)
Ecological studies of the long finned smelt,
Spirinchus lanceolatus (Hikita). I. On the meas-
uring comparison of egg-number from several lo-
calities, and relationship between body lengths,
age mature ovarian egg.

Koshiro Ito

7, FERANLITW O 74 A EHAE  CE1H)
SPRMBER CiEdEsikEMRLY) - 4 M (80
i) (57—66)

Ecological survey of pond smelt, Hypomesus

olidus Pallas, in Katsurazawa reservoir . (1)



Toshiro Terao and Akira Imai

8, dLifEEITRT D v A E Y I0HHERM & Z O
BIZDNT

EHEE uEEST - £37.5188) - PR
HREALKEERMLYS) (67—72)

Notes on a new locality and some morphological
observations of a cyprinoid fish, Pseudorasbora
parva pumila Miyadi, in eastern Hokkaido.

Toyohiko Hikita and Toshiro Terao

9, Iy ¥ aHA Margaritifera margaritifera
L) DAfEME GELH)

WH 5 EfEERARAT AR - A)IEER
(emE S - 3 SMLE TR (73—-82)

The biological study of fresh-water peal mussel,
Margaritifera margaritifera (L.). (1)

Shun Okada and Yoshio Ishikawa

10, (L BRHCo THEARMEE I L 2 MEE T
PR

S A (biEE LK FERREYS)  (83—88)
Experimental test of the method used in the arti-
ficial spawning of kokanee salmon eggs in Lake
Panke, eastern Hokkaido.

Hisashi Tonosaki

11, #AEROFZE (VD) S P kbRITIC X 2 221y
Kt DR H AR

LH 8h CbdsESKEERALS) - SFRAR (biE
SEKPEMEYS)  (89—94)

Studies on the fish-culture Food. VI On the effect
of culture food used of SP. food upon to growth
of yearing carp (Cyprinus carpio).

Hiroshi Eguchi and Toshiro Terao

12, FwAE ORIz (VD) M5 EX IV B
BAEK “EAT—8" Gk o Bk
SRR (LB K ERALYS) (95—98)
Studies on the fish-culture food (VI). An effect of
the cultural food with vitamin B complex

“ Bisulase ” to growth of carp fingerling

(Cyprinus carpio).

Toshiro Terao

13, b s N AT O RE K 22 S I2 DWW T
LA 8A CbsEsiKEER LY - Ek v e
S - F95EE) (99-112)

Limnological conditions of Utsunai Reservoir in
central Hokkaido.

Hiroshi Eguchi and Takashi Kurohagi

Utsunai Reservoir is located at Horokanai-
mura in central Hokkaido, supplies the water to
Uryu Reservoir, and provided with the dam 30m
heights and 235m lengths with the area of 1.77
sg. km. at the highest level at 285m above sea
level. The observation on general limnological
conditions was made in August 1958 and October
1959. The physical, chemical and biological prop-
erties of the reservoir were almost those of
mesotrophic lakes, but not those of bog lakes.
The plankton species were 30, including 16 ani-
mal and 14 plant species among which Bosmina
longirostris and Asterionell formosa were domi-

nant in August, 1958, and in October, 1959, too.

14, FORIZR T2 WE N T OWBE &Ko T
(1)

B W Gt s - 29508 (113—124)
Recent observation on limnological conditions of
Uryu Reservoir, Hokkaido. (1)

Takashi Kurohagi

Some limnological conditions of Uryu Reservoir
were observed. The reservoir has been im-
pounded with fresh water at Horokanai-mura in
central Hokkaido since 1942, and has an area of
23.73 sq. km. with about 30m of maximum depth,
observed in early August and late October in
1957. The result of observation in August was
presented in previous paper (Eguchi H. et al
1958), and the present paper showed the result

obtained in October. The temperature of the



water ranged from the surface to the near bottom
vertically from 9.97-9.77 to 7.45-7.81°C. The dis-
solved oxygen changed from 6.64-7.68 (85.8-98.7%)
to 1.15-2.23cc/l (14.0-27.4%) and PH value from
6.6-6.7 to 6.5-6.7. The reading of Ule’s scale was
remarkable high, showing about 19, and the
transparency was rather low, the Secchi’s disk
reading about 2.1m. The plankton species were
identified 36 including 15 plant and 21 animal
species. Bosmina longirostris was dominant. The
dry weight of net plankton was remarkable low,
showing about 5.61kg/hac, corresponding to that
of oligotrophic lake.

15, JbdfmE R TR (NI ©19564E6 H 7
Uy

Bk wW CuifmE ST - £3.5188) (125—130)
The plankton of Nukabira-ko, a reservoir, in
south-eastern Hokkaido observed in June 1956.

Takashi Kurohagi

This paper is a report on the plankton oc-
curred in June 1956 in Nukabira-ko, a reservoir
in south eastern Hokkaido, which was filled up
with fresh water in September of the preceding
year. The species of the plankton collected were
identified as 17 including 6 animals and 11 plant
species. The occurrence of the plankton was

rather rare, as be showed in Table 2.

16, JLHBERFEERAS 7 RO T WMo 752 7 b
NTDONT

Bk oW CuimE ST - £3.58) - BN R O
BN KEERALY) (131—144)

Notes on plankton from two lakes, Penke-ko and
Panke-ko, in southeastern Hokkaido.

Takashi Kurohagi and Minoru Osanai

In this paper, the results of some limnological
observations in Penke-ko and Panke-ko, two
oligotrophic lakes of the Akan Lake Group in

south-eastern Hokkaido, done on late October,

1955 were summarized. The plankton species col-
lected by hauling of silk net and the vertical dis-
tribution of the plankton organisms in the

daytime are shown in Table 4, 6, 7 and 8.

17, REEGH O BRI IR AR R

KHUG— ClLHEELKERAMES) - WILIER (JkiE
SEKEEREYS)  (145—167)

Data on the investigation of limnological factor
for the aquatics in Notoro Lake

Shinichi Ohigashi and Masateru Uchiyama

%155 (1960)

1, db¥EE RIS OVBRIMIRICONT (BT )
LA 5k CledgsEsrkEmLs;) 1-8)

Studies on bog lakes at Tenpoku, Hokkaido, with
special regard to its suitability for pisciculture.
Hiroshi Eguchi

2, JbiE B AR BRI ORI SR i DN T
LA 8A CbsEsiKEER LY - Bk ) e
SV - FTSAEE) - G NPUAR CbsE LK AL
%) (9—16)

Limnological conditions of ponds in Yuhutsu,
Hokkaido.

Hiroshi Eguchi, Takashi Kurohagi and Koshiro
Ito

3, OB NS B O Zif LIz OV T
FEEL CbisELKERE) 17—28)

Seasonal observations on the chemical sub-
stances of water and mud in Tokoro River in
1957 to 1959.

Kiyoshi Yoshizumi

4, FORFENIEE D ARt oA EpE 1. LY
PRI I8 1 % 2 B oD AR

R 5 ALl RE R w e 8=) - S/
B8 CIbmELKEERLYS)  (29—40)

Ecological studies of the pond smelt, Hypomesus



olidus (Pallas) in the Ishikari-Furukawa. 1.
Ecological studies in breeding season.
Shun Okada and Koshiro Ito

5, AFFEIINEED 7YX AREOAREE 2. RO
IZHRMITDONT

B/ NUER (edEsrkERLS) - M f i
BRI ELEFHE)  (41—50)

Ecological studies of the pond smelt, Hypomesus
olidus (Pallas) in the Ishikari-Furukawa. 2.
Growth and stocks of the pond smelt.

Koshiro Ito and Shun Okada

6, AFFAIEED 7 AR OARBIIZE 3. A FEEAE
WNTZNEIT DN T

BHE/NUER ClbiiEsrkERLS) - ME 65 il
TERFEAR)  (51—56)

Ecological studies of the pond smelt, Hypomesus
olidus (Pallas) in the Ishikari-Furukawa. 3. On
the gonads and the number of mature ovarian
eggs.

Koshiro Ito and Shun Okada

7, WAL 27 7 FoatticonT (F#)
EA & (657-62)

The feeding habits of the pond smelt, Hypomesus
olidus (Pallas), in Uryu reservoir. (Preliminary
report).

Minoru Osanai

8, FEIR AL ¥ FAReFr (5524

SERBES (emBsrkEmiLss) - 49 M (Z5m
#&5ir)  (63—70)

Ecological survey of pond smelt, Hypomesus
olidus (Pallas), in Katsurazawa Reservoir (2).

Toshiro Terao and Akira Imai

9, THRIES N > 2 A DR L BAER
LA 8A ClbisESLKERALY) - S A (eiid
SEKEEMEYS) (71—178)

A planting experiment and morphology of the

fresh-water pearl mussel, Margaritifera margaritifera

(L.), from Chitose River.

Hiroshi Eguchi and Hisashi Tonosaki

10, WEdROS RS (1) Hb R on i 2 Mt o
ORAT & DT, AN O WAL I HE £ R
LH 8h ClbMmESLKRPERALSS) - SpRe@Rr (e
SEARPEWRESE) - MR D) (CLiEdsr K EER LS T
X)) - BREERHE (dedEE LK ERAL S T )
(79—84)

Test on the improvement of hatching Box. II. On
incubation of eggs and rearing of alevin of rain-
bow trout and kokanee salmon by use Tanaka
simple reformed hatching box.

Hiroshi Eguchi, Toshiro Terao, Nobuo Hayashinaka

and Sumio Kurahashi

11, #AERIOME (MD) (7 v L Z @Rz R
iz X 2 AR o) HER)

SRS (eimENkEMALYS) (85—88)

Studies on the fish-culture food (V) On the
effect of the dry powder of freshwater green al-
gae, Chlorella ellipsoidea, added to diets of carp
fingerlings.

Toshiro Terao

12, ko pige (X) (S PR E Fish Soluble
ININEIDR} & oD LA BR)

H 3L CIbMsESLRPERALSS) - SpRe@RE (bifiid
SEKEEREYS)  (89—92)

Studies on the fish-culture food (IX) On the ef-
fect of SP food compared with fish soluble added
with upon to growth of yearing carp, Cyprinus
carpio.

Hiroshi Eguchi and Toshiro Terao



%165 (1961)

1, Rahv o mdAwy  GEEh R )

LA 38 CbisEsLKERALE) 1—6)
Limnological studies of Lake Horokayan, with
special regard to its suitability for pisciculture.

Hiroshi Eguchi

2, FBBINAR GEILR %50 OKEMTEE D%
B ZEARIZ DN T

Pl ClbMmEsrkERLS) - RIS E e
S - £S5 (7-28)

Seasonal observation on the chemical substances
of water and mud in Tokachi River (Obihiro-
Makubetsu) in 1959 to 1961.

Kiyoshi Yoshizumi and Yasuji Ozaki

3, IR IT K 2 Bk ek LAk BR s (S 190)
=R CLEENLKERLY)  (29—236)

An experiment on catalytic oxidation of starch
wastes with rotating discs.

Mitsugu Takayasu

4, FRFRIEED U X OEREIZE 4. HUSEM o fF
TEITDNT

FH 5 JAE R RAEIS B A=) - Bk
#wl CimE K2R E IS B 2 8E) - O/
BE (AeipdsrkEMLss) (37—44)

Ecological studies of the pond smelt in the
Ishikari-Furukawa. 4. On the occurrence of local
populations.

Shun Okada, Tetsushi Ito and Koshiro Ito

5 WEATWIZRIT27 7 HFORMEIZONWT ()
EWN fa (45-50)

The feeding habits of the pond smelt, Hypomesus
olidus (Pallas), in Uryu reservoir (II)

Minoru Osanai

6, V7« < ZEAHOLHEABRITONT T,
SPRAEES Gk ERLYS) - MopE5 i
SEKEMEYS)  (51—62)

On the artificial hybridization among the
salmonid fishes. I.

Toshiro Terao and Nobuo Hayshinaka

7, BEBUCRIETIREHIP C P OB

TLHEA CEHEESLKERALY) - SPRARS (LisE s
KEERALYS)  (63—66)

On the toxic effect of herbicide, PCP, on the fry
of kokanee salmon and rainbow trout.

Hiroshi Eguchi and Toshiro Terao

8, HrHfaichld 3 P C PRREHIOHEICONT
FNGERE G ST - £9.5188) (67-72)

On the toxic effect of the herbicide, Pentachloro
Phenol, in the chum salmon fry (O.keta)

Yoshio Ishikawa

9, FAMPRIOMIE (X)

E— VEERFARINC K 2 HERRAIDRE D2 # 3k

SRR (LimENIKERALYS) (73—178)

Studies on the fish-culture food. (X) On the ef-
fect of the dry brewer’s yeast, Saccharomyces
cerevisiae, added to diet of carp fingerlings.

Toshiro Terao

10, #ARROME XD 71v = V)T, HI—
NVELEIT & 5 2 AR O 2 F AR

LH 8h CIbHRESLKEERALS) - PR (ki
SEKEEMEYS) (79—84)

Studies on the fish-culture food. (XI) On the ef-
fect of culture food used of fish-soluble and “K
O” meal upon to growth of yearling carp
(Cyprinus carpio PALLAS).

Hiroshi Eguchi and Toshiro Terao

11, JepEkEkBigeoRt (1) B oIEA164E10H
DTZ 2y b UHIZONT

B w CUmES T - £3.5188)
B KEESR)  (85—90)

Some limnological notes on the inland waters of
Hokkaido - I. On the plankton of Lake Akan in

south-eastern Hokkaido collected in middle

- SRk (It



October, 1941.
Takashi Kurohagi and Tateo Mihara

12, &Y IO LWERIIZOWT

EHEE dumEsT - £3 - 5ME8) (91-92)

On a new habitat of a cyprinid fish, Pseudorasbora
parva parva (Temminck et Schlegel), in Hokkaido.
Toyohiko Hikita

%175 (1962)

1, ZRANTIOREA RS ONT

LH 3L CbdEEsikERLS) - RN fe (kg
SEKEEMRESS) (1-8)

Limnological conditions of Futamata Reservior in
Hokkaido.

Hiroshi Eguchi and Minoru Osanai

2, TIIDKEIZHONT
HAEL CbHgEE K EREYS)  (9—20)
Water conditions of Chitose River

Kiyoshi Yoshizumi

3, BEEEIY S T~ ADEREHA (1), WEALMD
L OER LY 7 7 < ADRMITONT

£W fe CtisEsiKEERMES) (21-30)
Ecological studies on the land-locked masu
salmon, Oncorhynchus masou (Brevoot). 1.
Ecological succession on the limnological condi-
tions and feeding habit of the lake-locked form
at Uryu Reservoir.

Minoru Osanai

4, JeifEBEIT BT D RAKFIHIC X 2R 1
FF O N LR O E iR

B/ NLER (LT K EEMREYS)  (31—40)
Experiments on the fish-culture with spring wa-
ter in Hokkaido. I . Rearing of fry of the eel,
Anguilla japonica.

Koshiro Ito

5, =¥ ADEKITHT DEHMEICONT (1)
AR (LmENIKENRLY) (41—48)

On the tolerance of rainbow trout, Salmo
gairdnert irideus Gibbons, to salt water. 1.

Teruhiko Awakura

6, =V~ 2DHEkEHEH

EEEE CtmEsrkPERLS) - SeHmE e
SEKEERRLYE) - AR B ODETLAKIEEE) (49—
58)

Some observations on the breeding of rainbow
trout, Salmo gairdneri irideus Gibbons, in salt
Water.

Teruhiko Awakura, Hisashi Shibata and Kaotu

Honma

7, ACHEEFHRRINCGHE E LAy a m a<izonT

EHEE (59—65)

On the sea-runs charr Salvelinus malma
(Walbaum), taken from an eastern stream of
Hokkaido island.

Toyohiko Hikita

8, W17 A N—IRALAIC K 2 AN DM AR (1)
YUY EHITONT

RWAE— ClbimisrkpERALSS) - SeHmE (e
SEARPERESS)  (65—68)

An experiment on the adhesion of fish egg with
the tray made of the glass fiber cloth. 1. On the
egg of long finned smelt, Spirinchus lanceolatus
(Hikita).

Shinichi Ohigashi and Hisashi Shibata

9, BAMDRIOMIE XD BIARIFIEALE I K 2 2 HHAT
FL Rl ER

SPRMBER CleifEE L kERLY) (69—74)

Studies on the fish-culture food. (XI) On the ef-
fect of dry lever powder upon the growth of carp
yearlings.

Toshiro Terao

10, wAMPEOWPZE XI) JLFEET A > 2 - -l



BT & 2 AR O ) AR

SRR (eimENkEMALYS) (75—81)

Studies on the fish-culture food. (Xll) On the ef-
fect of fish meal, made of marine products from
northern pacific ocean, upon the growth of carp.

Toshiro Terao

55185 (1963)

1, FEINHNICIU 5 oo A MV R 2R ge (1)
LBl OB ERITONT

WEkEE s KERLs) 1-—10)
Physiological and ecological studies on the fishes
at spawning stage. I. On oxygen consumption of
spawning chum salmon, Oncorhynchus keta
(Walbaum).

Teruhiko Awakura

This is a report on oxygen consumption of the
spawning chum salmon which has entered the
river. The measurement of oxygen consumption
was made using the open system apparatus de-
signed for mature salmon as shown in Fig. 1.
After some preliminary tests with this apparatus,
oxygen consumption was measured employing
chum salmon which have migrated up the
Tokachi and Chitose river in Hokkaido. The re-
sults obtained are as follows:

1. The oxygen consumption of spawning chum
salmon is found to be between 60.9 and 165.3
cc/kg/hr., after 6 to 8 hours from the beginning
of the test under the condition which the water
flowed 2 to 4 L/min. through the respiration
chamber at the water temperature of 9.0 to 15.3
°‘C (Table II).

2. The relationship between oxygen consumption
(Y) and water temperature (X) is shown in the
following formula.

Y =0.03983¢"**
From this formula, temperature coefficient (Q10)

was calculated as 3.39. This value is higher than

that of other kinds of fishes.

3. Regardless of maturity, remarkable difference
of oxygen consumption between male and female
was not recognized. However, there may exist
some relationships between maturity and oxygen
consumption especially in female. It was found
that there is higher oxygen consumption in im-

mature chum salmon than in mature one.

2, B OfEEICET D5

INRET R (b S - 235408 - EaEE
MHESLRPERALSS) - AREEE OMEGSIARBEE) - W
FOIE (kg KK ESE)  (11—26)

Study of rearing of the salmon, Oncorhynchus
keta (Walbaum).

Tetsuo Kobayashi, Teruhiko Awakura, Kaoru

Honma and Tadashi Tamura

3, YU X EOAMENA T PRI ONT

B/ NUER  (eimiE Tk EEWRLYS) (27 —40)
Ecological studies of the long finned smelt,
Spirinchus lanceolatus (Hikita). II. On the local
forms.

Koshiro Ito

4, JLHBEEOMER AT A7 IZONT

EHEE JumE ST - $358) (U1-44)

On a salmonid fish known as “Iwame” in local
name within Hokkaido.

Toyohiko Hikita

5 T XA AOKHMITHT W% 1 52k
B &0 B fig D pkE RARITONWT

SERAES (IdmBESkERALYSS) - WILIER b
SEAREEWRLYS) - BASRELE ClediiE LK ERLYS)
AR LiEEsrAkPENRLY)) (45—58)

Studies on the interspecific salmonoid hybrids be-
tween chum salmon, Oncorhynchus keta (WALBAUM)
and kokanee salmon, Oncorhynchus nerka var.
adonis (JORDAN et MCGREGOR) — I. Survival
and growth from fertilized eggs to fry.

Toshiro Terao, Masaaki Uchiyama, Sumio



Kurahashi and Haruyoshi Matsumoto

6, TR (TR —KHE - TBK) OKE
W T JEE DOFEFIINZEALITONT

FEEL CILHESRFEREY) - DRSS (e
SKEEWLES) - AIER (LiBE S - £951E8)
(59—82)

Seasonal observations on the chemical sub-
stances of water and mud in Tokachi River
(Chiyodaohashi-Otsu - Tokachibuto) in 1961 to 1963.
Kiyoshi Yoshizumi, Yasuo Ito and Sumio

Hosokawa

7, Bt LHPEARDWAT B O EHEHTONTOHR
FEFEHR

LA ik (edmEsrkpERALS) (83—86)
Processes of self-purification of river contami-
nated by starch weste.

Hiroshi Eguchi

8, AT (v =— mif) D19634E6H & 10H D
ek 2 S

EA R OtigdEsrkeEmiLs;) (87—92)

On the limnological observations of the Futamata
Reservoir, Lake Shuparo, in June and October,
1963.

Minoru Osanai

9, AERN LI OIS & o il
SPRRER CILMEsKEERLY)) - 490 M GAEm
&) (93—122)

Limnological conditions and fish culture in
Reservoir Katsurasawa, Hokkaido.

Toshiro Terao and Akira Imai

10, ARSI D REA RIS
G770 b MO
o M CumESoEdSEE) - B R e
TENLKEEMLY;) (123—146)

Limnological studies on the old water ways of

I ffrdiiokE

the Ishikari River. I. The seasonal variation of

hydrographic conditions and plankton

communities of the Ishikari-Furukawa

Takashi Kurohagi and Minoru Osanai

11, #RER D FITH D MEITBI ¢ 5 3R

= CLHESRFEREY)) - ARe— (e
S0 - FIEY) (147-172)

Studies on the toxicity of Zn-salts to salmonoid
fishes.

Mitsugu Takayasu and Giichi Kimura

%195 (1964)

1, ¥R FELh T Y oY a A Gk
T

SEHE (emEskEmRLYS) (1-16)

On the parasitic glochidium of the fresh-water
pearl mussel, Marguritifera marguritifera (L.) on
salmonid fish.

Teruhiko Awakura

This is a report concerning the parasitic
glochidium of the fresh-water Pearl mussel,
Marguritifera marguritifera (L.) on the gills of
salmonoid fish in the Chitose river in Hokkaido.
During parasitological observations on some fish
and benthos to elucidate the mircosporidian in-
fection of salmonid fish in the Chitose river, the
present writer fortunately found some ecology of
the glochidia of the fresh-water pearl mussel and
some physiological effects of the parasitic
glochidia on fish. The spawning of fresh-water
pearl mussels takes place from the middle of
June to early August. The glochidla were ob-
served in the marsupium of female mussels from
the end of July to the middle of August. The
glochidia lived only on the gill lamella of
salmonid fish from early August to the end of
September. The host fish were fingerings of
Oncorhynchus masou and Salmo gairdnerii
irideus in the natural condition as well as in the

breeding condition. The glochidia were found



also on the gill lamella of fingerings of O.keta,
O.nerka and 2 years old O.nerka. However, they
were not observed on the gills of both young and
mature fish of Tribolodon hakonensis hakonensis,
Cottus nozawae and Barbatula toni oreas in the
natural condition nor on the gills of young of
Carassius auratus, Cyprinus carpio, T.hakonensis
hakonensis, Pleoglossus altivelis and 2 years old
S.gairdnerii irideus in the breeding condition.
The glochidia living on the gills were enclosed by
the epithelium of gill lamella and showed meta-
morphosis and growth. The size of the
glochidium when first found of the gill lamella of
fish was 0.07mm to 0.09mm in length and 0.06mm
to 0.08mm in width. However, just before falling
off, it was 0.44mm to 0.46mm long, 0.28mm to
0.30mm wide. The relationship between the
length (X) and the width (Y) is shown by follow-
ing for: Y=0.0084+0.8420X — 0.4171X* The
glochidia on the gill lamella of fish which were
bred artificially, were more numerous than that
of naturally bred fish, the number being 10,931
maximum and 4,801 mean in 2 year-old O.nerka,
375 maximum, 264 mean in the fingerings of
O.nerka and 2,137 maximum, 527 mean in the fin-
gerings of O.keta in the breeding condition;
whereas in the natural condition, it was 118
maximum, 31 mean in the fingering of O.masou,
76 maximum, 12 mean in the fingerings of
S.gairdneii irideus. The hematocrit of the fish
blood with most glochidia parasites was found to
be a little higher than that of normal fish. This
fact may indicate that the infected fish is in a
suffocating condition and it is highly probable
that the parasites bring about some physiological

change in the host fish.

2, YUY EOEREMRA M REREITONT
B/ NUER  (AeimiE Tk EEWREYS)  (17—26)
Ecological studies of the long finned smelt,
Sprinchus lanceolatus (Hikita). II. Observations

on the natural spawning.

Koshiro Ito

3, M THIIE $a 4

EHEE JumE ST - £35L8)
HRESLKEEREYS)  (27—34)

Fishes of Lake Saroma, Hokkaido
Toyohiko Hikita and Hisashi Shibata

s EHE (b

4, NUIAY - 2EZH L T7+3x—b (M. S.222) T
&% Y7 BHHE D JiRIFASR

SPRMRES CLimiEsLKEERLS:) (35—42)
Narcotization of salmonoid fish fry with tricaine
methasulfonate (M.S.222)

Toshiro Terao

5, T X b A ARMMICH T o028 . MR
(F1) OXGME A3 & 2 ~if~OBEBGRRR 1.
SPRABER CILWEE L KENLY)) - 4R (JLifipE
SV - ETSEE) - WILGERR CeiEsrkERLS)
- EREEEHE CILHBESLKPERLY)) - AR (i
EALKEEMLES) - BRR = (biREL K ER L)
(43—64)

Studies on the interspecific salmonoid hybrids be-
tween chum salmon Oncorhynchus keta (Walbaum)
and kokanee salmon O.nerka var. adonis (Jordan
et McGregor)- II. Transplantations of salmonid
hybrids to Lake Shikotsu and Lake Okotampe
1).

Toshiro Terao, Shiro Kikuchi, Masaaki Uchiyama,
Sumio Kurahashi, Haruyoshi Matsumoto and
Haruzo Abe

Salmonoid hybridization was carried out with
milt and ova between anadromous chum salmon
(Oncorhynchus keta) caught from the Chitose
River, a tributary of the Ishikari River and adult
kokanee salmon (O.nerka var. adonis) caught
from Lake Shikotsu, Hokkaido. The authors
(1963) have reported that body growth of the re-
ciprocal hybrids cultured in the ponds is found
at least, in the first year, to be more rapid that

of their respective parental species (cf. Terao et



al.,, 1963). In order to make an ecological study
on their growth, feeding habit, mortality and ma-
turity in the field, fry of these reciprocal hybrids
were released to two lakes, Lake Shikotsu and
Lake Okotampe, in years of 1963 and 1964.

Body size and number of the fry released to the
lakes are presented in Table 3. The authors have
succeeded to collect five specimens of the second
year age of chum salmon (%) X kokanee salmon
(d") hybrid from Lake Shikotsu and twenty-one
specimens of the first year-age of kokanee
salmon (%) X chum salmon (J&') hybrid from
Lake Okotampe. Observations made on the body
growth and some external and internal character-
istics of these specimens are described in this

paper.

6, dbipEkEkONEER (V)

FEE L CeimELKEREYS) (65—88)

Data on the studies of chemical composition of
inland water in Hokkaido (V)

Kiyoshi Yoshizumi

7, BAMROWE (XIV) B &I E ARINER
YT HEEIZ RIE TR RITONT

SPRMRES CILMmEsiKPERLYS) - ARERkE (b
SEARPERRESS) (89—94)

Studies on the fish-cultured food (XIV). On the
effect of the incorporation of the vitamin E com-
plex in the diet with the chum salmon fry.

Toshiro Terao and Sumio Kurahashi

Vitamin E or «-Tocopherol is a fat-soluble vi-
tamin that is essential for the proper of animals.
The biological functions of vitamin E have been
summarized in these categories: as a fat-soluble
physiological antioxidant, as a physiological
synergist, and as a functioning portion of spe-
cific enzyme systems. «-Tocopherol is the only
antioxidant that has been shown to be absorbed
through the intestinal wall and deposited in the
fat. Vitamin E has the ability to promote the

actively of easily oxidized substances such as the
carotenoids and vitamin A. Incorporation of vita-
min E in the diet has been reported to increase
liver deposition of vitamin A and to improve the
growth. In cultured rainbow trout, Samegai Trout
Hatchery (1961) reported in the effects of vitamin
E. lizuka and Yamazaki (1963) reported incorpo-
ration of vitamin E in the diet was the curatical
action of “Watakaburi” disease on the eel. As vi-
tamin E complex “Nisshin-E-Feed” was audi-
tioned in the diet contained unsaturated fat with
chum salmon fry, some of results obtained with
it are the subject of this relative feeding trial. In
result, we obtained that incorporation of vitamin
E in the diet contained unsaturated fat in rapidly
growing fry of chum salmon recognized the oc-

currence of decreased mortality.

8, THARRANTIO PHAA (A )

LA 3A CbisESLKERAEYS) - BN f& Geifsid
SEARPERRESS) (95—104)

A preliminary observation of the Shimizusawa
Reservoir, with special regard to its suitability
for pisciculture.

Hiroshi Eguchi and Minoru Osanai

9, FLITHAT B B DI ST O T

£W R CtisisoksERLss) w54 (e
SEARFERESS)  (105—110)

Recent observation on limnological conditions of
Lake Toyoni, Hokkaido.

Minoru Oanai and Hiroshi Eguchi

10, BAHAHIRBA O 2 e 1Ly 7k ith K OVFK R DB 7k
EBIE R

KWAG— CLimESLKERAL) - Bk o oifed
S - £95E8) (111-118)

Limnological notes of two small lakes in
neibouring of Rumoi City in northern Hokkaido.
Shinichi Ohigashi and Takashi Kurohagi

11, BEATRISFCNT it T O Bk i S



RWAE— ClbimESLKERALY) - Bk w0 Ceifiid
S - TS - BN LB KER L)
(119—129)

Limnological conditions of several ponds in
Azuma-cho, southern Hokkaido.

Shinichi Ohigashi, Takashi Kurohagi and Minoru

Osanai

5205 (1965)
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WEKEE s kR s 1—28)

Studies on the plistophora disease of salmonoid
fishes— I. Observation on the state of the occur-
rence and the cause in Chitose River in
Hokkaido.

Teruhiko Awakura

This is a report concerning the state of the oc-
currence and the cause of the Plistophora disease
of salmonoid fishes in the Chitose river in
Hokkaido. In the line of the Chitose river,
Plistophora disease occurred only in limited ar-
eas. It was not found in Shikotu lake, the source
of the Chitose and Naibetsu rivers, confluent to
the infected area of the Chitose river. Infected
fishes were limited to salmonoid fishes, chum
salmon (Oncorhynchus keta), kokanee salmon
(Oncorhynchus nerka var. adonis), masu salmon
(Oncorhynchus masou) and rainbow trout (Salmo
gairdnerit irideus) of both the breeding fish in
the river pond and natural fish in the Chitose
river. Takeda (1933) reported that the disease
was caused by Plistophora sp. parasiting to the
epicardium of rainbow trout. Parasites were
found only in the heart muscle in chronic cases,
but in acute cases, they were found also in the
trunk muscle, fin muscle, masticatory muscle, eye
muscle, throat muscle and gullet muscle as well

as in the heart muscle. The parasite caused

various pathological changes in the muscular tis-
sues. In the heart muscular tissues, the infiltra-
tion of inflammatory cells and the multiplication
of the connective tissues were observed. These
pathological changes in the tissues were induced
by the multiplication of the parasites and were
observed after the sprogony of Plistophora sp.
had been completed. Many tuber were formed
and the tissues became hypertrophied. The heart
was deformed and also hypertrophied. In the
chronic case, the parasite died in the multiplied
conective tissues and natural recovery was some-
times observed. In the trunk muscular tissues
and others, the changes in muscular tissues
caused by the parasite were not remarkable. But
there were numerous and large spindle-shaped
colonies (2 to 3 mm wide, 3 to 6 mm long)
formed and the surrounding muscle fibers
showed abnormal signs. In the artificially bred
salmonoid fishes such as chum salmon, kokanee
salmon and rainbow trout in the river pond, the
earliest prasitism of Plistophora sp. was observed
in the heart muscle from the end of July to early
August an it was observed in the artificially bred
fishes that were translated from the well pond to
the river pond by early September. Young fish
(fingering or 1 year old) that were bred, such as
rainbow trout, showed acute changes caused by
the infection of the disease and the parasitism of
Plistophora sp. Progressed from the heart muscu-
lar tissues to the trunk muscular tissues. But
more advanced fish (2 years old) showed chronic
changes and the parasitism was limited in the
heart muscular tissues. In the former case, many
fish died at the time. However, in the latter, it
was not observed. In masu salmon and rainbow
trout of the same age, the condition of the dis-
ease in the breeding and the natural condition
differed from each other, the former being acute
and the latter chronic. In the artificially bred
rainbow trout, A/G ratio of the serum protein de-

creased according to the rise of the



environmental water-temperature in summer and
it showed the lowest value at the period of the
infection. This tendency was also found in natu-
rally inhabited masu salmon and rainbow trout
in the Chitose (18.5°C) and the Naibetsu rivers
(11.0°C) in August. The inflammation of the
intestnea, the parasitism of glochidia,
exophthalmus and ichthyophthiriasis were some-
times observed as complications of this disease.
The progress of the disease arid the appearance
of the fish which died are influenced by the age
of the fish which were bred, environmental wa-

ter-temperature, breeding conditions and the de-

velopment of the complication of this disease.

2, VX AT AT 507 M. M
(F1) o4J5EneSs LABLITONT

SPRABER CIL¥EdE L KENLS) - WILNER ClbifipE
SEAKRERMES T3 - BREEE ClbifnE KRR
LB TicHs) - AR (LHEELKFERLS TR
X4 (29—36)

Studies on the interspecific salmonoid hybrids
between chum salmon Oncorhynchus keta
(Walbaum) and kokanee salmon Oncorhynchus
nerka var. adonis (Jordan et McGregor) -II. On
some external characteristics and fertility of F1
hybrids.

Toshiro Terao, Masaaki Uchiyama, Sumio

Kurahashi and Haruyoshi Matsumoto

F1 hybrids between kokanee salmon (Oncorhynchus
nerka var. adonis) and chum salmon (O.keta)
have been reared up to the age of sexual matur-
ity in a pond at the Chitose Station, Hokkaido
Fish Hatchery. Observations were made of their
external characteristics and fertility. Mature indi-
viduals observed were as follows: 3 females and
2 males of chum female X kokanee male hybrid,
and 2 females and 2 males of kokanee female X
chum male hybrid. Even apparently, the individu-
als of these reciprocal hybrids were easily judged

to be sexually mature from the external

secondary sexual characteristics, body colour,
and their characteristic development of shape of
the head. These mature hybrids were either 3 or
4 years old. The maturation index (percentage of
gonad weight for body weight) of F1 hybrids was
smaller than those of the parent species in na-
ture. Number of the eggs obtained from these in-
dividuals of the F1 hybrids ranged from 580 to
630. The mature reciprocal F1 hybrids were
backcrossed to chum salmon and were crossed
between female and male of chum female X
kokanee salmon male. In these experiments, the
former showed a very good result, but latter was
interior to the result obtained between male and

female of the parent species.

3, REJIAFR (L51—KHD) OKREIZONT
HAEEL CILHEESRBERES) - RAMRIE— (It
BST - ETSMEBERE ) - Bk — (tifmE S
e ETSEBE RIS (37—64)

Water conditions of the Teshio River (Shibetsu-
Teshio) in 1963 to 1965.

Kiyoshi Yoshizumi, Shoichi Okubo and Seiichi
Hayasaka

4, RBIOY 7RO A~ AT 2 EMER R
SpRARRL CLdmENLKERLSS)  (65—86)

Toxicity of agricultural control chemicals to the
fry of chum salmon and kokanee salmon.

Toshiro Terao

Agricultural control chemicals have been used
extensively many farmers. On the contrary, how-
ever, their damage done to fish have been re-
ported repeatedly. The present experiments was
made to reveal to critical concentration of twelve
kinds of the agricultural control chemicals to the
fry of chum salmon and kokanee salmon as any
study has not been made on the influence of
such chemicals upon salmonoid fish. Tests were
conducted on the procedure of a bioassay which

has routinely made in the case of JIS of



industrial waste. The TLm values for the fry
tested in the various concentrations of the solu-

tions of these chemicals are indicated in Table 2.

5, HEZERKPEIICH T X DR BEO—F ik LT
O 7 V) a2 —7 v BEIZB$ 5 =0k

WakE dtfdEskERLs) (87—94)

Some observation on the glycogen content of fish
liver for an estimation of the effects on fish
caused by industrial waste.

Teruhiko Awakura

The glycogen content of fish liver as the esti-
mation of the physiological effects caused by in-
dustrial waste were observed by the optical
measurement of histochemical reaction and the
common chemical analysis on carp, Cyprinus
carpio, chum salmon fry, Oncorhynchus keta and
mature chum salmon. It is known that the optical
measurement on the PAS-reacted preparation of
fish liver is the practical method for the estima-
tion of the change of glycogen content. The ef-
fects of pulp mill waste on chum salmon fry and
carp were shown plainly in the absorbance of
PAS-reacted preparation. In the mature chum
salmon, the glycogen content of liver changed re-
markably by the degree of maturity and move-
ment. Hence it appears that the glycogen content
of mature chum salmon cannot be used an esti-

mation of the effects caused by industrial waste.

6, FOIITHNT 2 EE N L OMiE S on T
LA ik GedsESkERLS) - B fe (b
SEAKPEWREYE) - BEk v GuE ST - £3.510)
- W A (AbETESL K FERRESS)  (95—108)
Recent observation on limnological conditions of
Lake Nukabira, a reservoir, in Hokkaido.
Hiroshi Takashi

Eguchi, Minoru Osanai,

kurohagi and Hisashi Tonosaki

7, AR E—L B RN —DORKRERSEMFITONT
(FHil R )

BN fa CbisESiKERLYS) - 5h Geifsid
SEOKEEMRAEYS)  (109—116)

Limnological conditions of Lake Tanneto and
Onneto, on bog lakes at Nemuro in Hokkaido,
with special regard to its suitability for piscicul-
ture.

Minoru Osanai and Hiroshi Eguchi

8, KM DB S

KRWAE— ClbimiEsrksERALS:) - Bk W deifid
S - =958 (117-130)

The physical and chemical conditions of Lake
Toro.

Shinichi Ohigashi and Takashi Kurohagi

9, WM TZ 7 b (1) FEHERHICOWT
B M CtfsES YT - £95E8) - REfE— Ot
WRESLKEEREYS) (131—138)

The plankton of Lake Toro (I1). The flora.
Takashi Kurohagi and Shinichi Ohigashi

The authors studied planktonic algae collected
in Lake Toro, a shallow bog lake 6.53 square
kilometers, locating in Shibecha-cho of Kushiro
Provence of south-eastern Hokkaido, at each sea-
son from late October of 1961 to middle June of
1963. 40 species of the algae, including 3 species
of Cyanophyceae, 36 species of Bacillariophyceae
and 1 species of Dinoflagellatae, were identified
(Table 1). Melosira ambigua of Bacillariophyceae
was rich in early spring, and Aphanizomenon
flos-aquae of Cyanophyceae was frequent during
the period between late spring and late autumn,
the later forming dense water-bloom in late sum-

mer.

10, #57 b= ZBNEO—FHIZONT

EHEEZ efEE ST - £3.58) (139—141)

On a dwarf form of the adult pink salmon,
Oncorhynchus gorbuscha (Walbaum).

Toyohiko Hikita



%215 (1966)

1, V7B Plistophora 3EIZBIF 5172 1T #F
LW Az OnWT

SEHE (LEESRFEREY) - BfEwlt odE
SEKEEMAEYS) - AR CleisBEs kR LY (1—
12)

Studies on the plistophora disease of salmonoid
fishes- I . Occurrence of the microsporidian
disease in a new district.

Teruhiko Awakura, Sumio Kurahashi and

Haruyoshi Matsumoto

The Plistophora disease of salmonoid fishes
has hithorto been reported the limited area in the
Chitose river in Hokkaido. In 1965, we found a
new infected area of the disease, in the suburbs
of Tomakomai City, southwestern Hokkaido. A
number of rainbow trouts, Salmo gairdnerii
irideus in the Tokito Numa died towards the end
of July to early August in 1965. At that time they
showed the decided conditions of the Plistophora

disease, and the microsporidia common to the
disease in the case of Chitose river were ob-
served in the heart and body muscle of the rain-
bow trout. Although the fresh water fishes
belonging to five families, seven genera and
seven species are known to inhabit in this pond,
the microsporidia were observed only on the rain-
bow trout, the only one species of the salmonoid
fish living in this pond. The rainbow trout was
acclimatized to the pond at first in 1962, and af-
terwards this is transplanted successively. The
microsporidia found in this pond are not pre-
sumed to have been introduced by the trans-
planted rainbow trout, but by another organism
inhabiting in this pond. The occurrence of the
disease and unusual death of rainbow trout re-
sulted from it in this pond are thought to be in-
fluenced especially by the high water-
temperature. Therefore it is concluded that the

rainbow trout is not good for the object cultured

in this pond.

2, VX AT ARMBICBT 5178 V. MR
(F1) OREIMFEER OB AR L Oz ONT
SPRARES (LB EERALS) - WILIER (kg
SEARPEWMEYS) BAEEE (LimEsokERLS) - 7
AFRFE ClLEsrAREERLY)) & B (bisdEsrk
FEMRALYS) - Bk = CILHRESLKRERRLYS) By
o ALHpE ST - £3.5188) (13—42)

Studies on interspecific salmonoid hybrids be-
tween chum  salmon, Oncorhynchus  keta
(Walbaum) and kokanee salmon, Oncorhynchus
nerka var. adonis (Jordan et McGregor) - IV.
Morphological comparison of variation in some
meristics characters of hybrids (F1) and parent
species.

Toshiro Terao, Masaaki Uchiyama, Sumio
Kurahashi,

Yoshizaki, Haruzo Abe and Atsushi Okuno.

Haruyoshi Matsumoto, Isao

In order to study a morphological variation in
the reciprocal hybrids of chum and kokanee sal-
mons, some meristic characters of them were sta-
tistically compared with those of the parent
species. The specimens used are composed of the
following eight groups; that is, (1) adult chum
salmon caught from the Chitose River, (2) adult
kokanee salmon caught from the Shikotsu Lake,
(3) chum salmon, 1-2 years old, cultured in pond
after artificially fertilized, (4) kokanee salmon, 1-
4 years old, cultured in pond after fertilized, (5)
& (6) reciprocal hybrids, 4 years old, cultured in
pond (7) & (8) reciprocal hybrids, transplanted
into the Shikotsu Lake at their fingerling stage
and recaptured after 4 years. Among these, the
specimens of (3)-(6) are those which were reared
in the same experimental pond. Both the hybrids
and their parent fishes showed a high similarity
in each of the numbers of the branchiostegal
bones, the dorsal, pectoral, ventral and anal fin
rays, and of the vertebral bones, though a con-

siderable difference was found in each of the



numbers of the gill raker and pyloric caeca be-
tween them. In the gill raker, both of the recipro-
cal hybrids displayed a wider variation in
number ranging from 20 to 35 and from 22 to 33,
respectively, when compared with those of the
parent species which showed to be 20 to 25 in
chum and 29 to 35 in kokanee. Respecting the
number of the pyloric caeca, each of the recipro-
cal hybrids showed an intermediate range of the
variations found in both of the parent fishes.
Generally speaking, however, the variation of the
number of the pyloric caeca in the hybrids was
found to show a stronger resemblance to chum
than to kokanee. It was found from the present
study that each of the reciprocal hybrids displays
to have the respective proper meristic characters
irrespective of both age and environment.
Consequently, it may be said that these charac-
ters of the hybrids are formed being controlled
more strongly by some hereditary factors rather

than by the secondary ones.

3, HARIZBIFS =Y <A (Salmo gairdnerii irideus
GIBBONS) ® Ichthyosporidium disease IZB3 %
I SO SE

INEF B (EIAEERY: FRAWBAHE) - o
IR GRIRBRERY: FHWHEHER) - EalEz
MRESLKERALSS) - A CRHARSE) (43—
54)

Pathological studies on Ichthyosporidium disease
in rainbow trout (Salmo gairdnerii irideus
GIBBONS).
Takeshi  Ono,

Awakura and Akinori Aomi

Mikihiro Kaneko, Teruhiko

Authors have made histopathological investiga-
tion on five cases of an epizootic occurred on the
rainbow rout in a private fish farm in Hokkaido.
The results obtained are summarized as follows:
1) The epizootic showed the identical lesion with
Ichthyosporidium disease in the marine and fresh

water fishes.

2) The disease is considered to have been intro-
duced to this fish farm through the feeding of

the infected marine fishes.

4, PRI X OEEEUI D KEITHONT

FAEEL CLHRELKERAMES) - /DARBEA (JbidE
SV - FTSEBRE L) - W biEEsmk
FERRLSS) (55—70)

Water conditions of the Nishibetsu and Shibetsu
Rivers.

Kiyoshi Yoshizumi, Akihiro Kobayashi and

Masako Yanase

5, HEALWOE A= 2iTo>NnT

EW f CtisBsikeERAes) - s A (eifsd
SEARBERRESS) - RIBF=dSS (bl Srk FERR L)
(71—380)

Studies on the kokanee salmon (O.nerka var.
adonis) of Lake Nukabira, a reservoir, in
Hokkaido.

Minoru Osanai, Hisashi Tonosaki and Mitsuo
Otsuka.

6, HHBEOTHIYFORMLE T T N & OBk

e EHDEEL - P ROR (kIR e 4 2 iiRe)
(81—90)

The relation between the food of Hypomesus
olidus (PALLAS) and the plankton in Lake
Ishikari.

Late Mitsumasa Tomita and Yoshine Hada

7, BORIZR T RGO ONT

LA ik GedsEsrkERALS) - B3k W bl
S - £S5 (91-98)

Recent observation on limnological condition of
Lake Toya, in Hokkaido.

Hiroshi Eguchi and Takashi Kurohagi

8, WU T aHA Margaritifera laevis (HAAS)
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(99—117)

Failure of a pearl culture industry using freshwa-
ter pearl mussel, Margaritifera laevis (HAAS), as
mother shell in Hokkaido, Japan.

Shun Okada, Tadashi Tamura, and Takao
Igarashi

88225 (1967)

1, JetAKIT & 2KEREITONT
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S - £S5 01-4)

On the effects of muddy water upon fisheries.

Hiroshi Eguchi and Hirobumi Sakuraba
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Water conditions of the Yurappu River.

Kiyoshi Yoshizumi, Masako Yanase and Yasuji
Ozaki
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Ecological

Wy 2

studies on the masu salmon,
Oncorhynchus masou (Brevoort), of Hokkaido.

1. Morphology and spawning habit of the masu
salmon which ascends the river.

Minoru Osanai and Mitsuo Otsuka
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Studies on interspecific salmonoid hybrids be-

tween chum salmon, Oncorhynchus keta (Walbaum)

and kokanee salmon, Oncorhynchus nerka var.
adonis (Jordan et McGregor)- V. Comparison of
variations of some ecological characters in hy-
brids (F1) and parent fishes cultured in rearing
pond.

Toshiro Terao, Masaaki Uchiyama, Sumio

Kurahashi and Haruyoshi Matsumoto

1. In order to study variation of some ecological
characters in the reciprocal hybrids F1 of chum
salmon and kokanee salmon, growth rate, sexual
maturity, body colour, and behavior were com-
pared with those of the parent species. The
specimens used are those which were cultured for
5 years from October, 1962 to December, 1967, in
the neighboring four ponds of each 2.7m X2.7m
X0.9m, and those are composed of the following
two parent species and two hybrids: (1) chum, (2)
kokanee, (3) hybrid F1 of chum X kokanee, and
(4) hybrid F1 of kokanee X Chum.

2. Although it has been known that growth rate
is higher in chum than in kokanee, that of both
hybrids was found to be intermediate between
those of the parent species. In young’s of the hy-
brids up to 2 years old, however, a considerable
number of the specimens showed in their growth
rate to resemble more closely the chum than the
kokanee.

3. Survival rate of both hybrids was lower than
that of the kokanee but higher than in the chum,
which showed to be extremely low, especially in
the specimens older than 2 years.

4. In contrast to that most of the kokanee males
attained their maturity in 3 years after hatching;
the majority of both hybrid males became adult
in 3 or 4 years. Further, the kokanee females at-
tained their maturity in 3 or 4 years after hatch-
ing, while the females of both hybrids were
found to become adult in 4 or 5 years.

5. Although body colour of all the specimens
used in the present experiment changed as they

grew, the body colour of both hybrids was found



to resemble more closely that of the chum than
in the kokanee. In most specimens of both hy-
brids, the parr mark showed a complicated pat-
tern which appears to be overlapped each other
two kinds of them characteristic to the respective
parent species.

6. Behaviors such as schooling, swimming ability
and feeding manner of both hybrids were ob-
served to resemble more closely those of the
chum than in the kokanee.

7. Largest number of the eggs was as follows:
528 in kokanee, 870 in kokanee X chum, and 872
in chum X kokanee. When calculated the ratio of
number of eggs per body weight, however, it was
found that the values of both hybrids are con-
versely smaller than that of the kokanee.

8. It was clarified from the present study that the
ecological characters of both hybrids are found
to be intermediate between those of the parent
species similarly as in the case of the meristic

characters of the hybrids reported previously.
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Studies on the plistophora disease of salmonoid
fishes-II. On prevention and control of the dis-
ease.

Teruhiko Awakura and Sumio Kurahashi

To establish the treatment for the Plistophora
disease of salmonoid fishes, the authors exam-
ined the acquired immunity, temperature treat-
ment and chemoterapy. The results obtained are
as follows.

1) Infected fishes acquired the remarkable immu-
nity. Resistance to reinfection may last as long
as one year.

2) Shyzogony of the microsporidia was stopped
by transferring to the low temperature, 8.0—8.4
C.

3) Multiplications of microsporidia was controlled
by the breeding under the temperature, 8.2—16.8
°C, but the infection was extended in complica-
tion with bacterial disease.

4) Preventive effects not recognized in the six ex-
perimented drugs. But the rising effects of the
survival rate of infected fishes or the obstruction
of the multiplication of microsporidia were ob-
served in the fishes treated with Sulfaisomidine,
Sulfamonomethoxine, Sulfadimethoxine, Nitrofrasone

and Amprolium.
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Limnological reconnaissance of Horo-oka-onuma,
a bog lake of Tokachi district, Hokkaido.
Shinichi Ohigashi, Takashi Kurohagi, Toyohiko
Hikita and Hisao Tanaka
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The plankton of Lake Toro— (II) The fauna.
Takashi Kurohagi and Shinichi Ohigashi

Observations of planktonic fauna of Lake Toro,
a bog lake having an area of 2.65 sp. km. with
the maximum depth of 6.5m., locating in
Schbecha-cho of Kushiro Provience in south-
eastern Hokkaido of north Japan, were made six
times during the season from Oct., 1961 to June,
1963. The study of the morphological seasonal
variation of Genus Daphnia according to the sea-
son in the lake was also carried out during the
season from Oct. 1966 to June 1967. 21 species
and 2 varieties were identified namely 9 species
of Crustacea, 1 species of Mysidacea-Neomysis
intermedia, 3 species of Cyclopoida-Cyclops vicinus,
Mesocyclops (Th.) crassus and Acanthocyclops

bicuspidatus, 5 species of Cladocera-Diaphanozoma



brachyurum,  Holopedium  gibberum, Daphnia
galeata, Bosmina coregoni and Leptodora kindtii, 11
species and 2 varieties of Rotatoria; Conochilus
unicornis, Euclanis dilatata, Keratella cochlearis,
ditto var. hispida, ditto var. tecta, Asplanchna
priodonta,  Polyarthra  euryptera, P.longiremis,
Synchaeta  sp., Filinia longiseta, F.limnetica,
Trichocerca capucina and T.similis, and 1 species
of Rizopoda; diffugia sp.. The dominant species
were  Mesocyclops  (Th.) crassus, Asplanchna
priodonta, Keratella cochlearis var. hispida and
Polyarthra longiremis in middle spring, Keratella
cochlearis var. hispida in late summer, and moreo-
ver Cyclops vicinus and Bosmina coregoni in late
autumn, though they were not so rich in number.
In summer, Daphnia galeata of the lake has a large
pointed helmet and no ocellus, but a low rounded

helmet and definite ocellus in winter.

5235 (1968)
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The ecology of parasitic glochidia of the fresh-
water pearl mussel, Margaritifera laevis (Haas).

Teruhiko Awakura

The present author has observed the breeding

habits of the fresh-water pearl mussel, Margaritifera
laevis (Haas), and the relationship between the
parasitic glochidia of the mussel and the host
fishes from April 1964 to October 1966 in the
Chitose River in Hokkaido. The results thus ob-
tained are as follows;
1) The spawning of the mussels in the Chitose
River takes place from middle of June to early
August, and gravid and discharging of glochidia
occur from middle of June to middle of August
and from the end of July to middle of August re-
spectively.

2) The number of gravid eggs ranged between

440,000 and 3,660,000 in the marsupia of female
mussel. The shell length of the smallest gravi-
tated female mussel was 54 mm.

3) The glochidia are observed to be only attached
to the gill filaments of the host fishes. The
parasitical stage of the glochidia lasted for 30 to
45 days.

4) The length of the glochidia ranged between
0.07 and 0.09 mm at the time of attachment and
0.42 to 0.44 mm at the time of its detachment
from the gill filament of the host fishes.

5) Both, in the natural and experimental condi-
tions, the parasitic glochidia of the mussels were
only found in the gill filaments of salmonid
fishes. However, different species of salmonid
fish exhibited different susceptibility to the para-
sitism of glochidia depending on their age
groups. In Chitose River, the fingerling of masu
salmon, Oncorhynchus masou were observed to
be most susceptible to the parasitism of
glochidia.

6) The susceptibility of the fishes to parasitism
of glochidia is influenced by the structure and
nature of the gill lamellae, such as the presence
of epithelial encystment and the intensity of the
immune cyst formation.

7) Most of the fishes died due to the acute de-
pression of gills caused by the presence of large
number of parasitic glochidia. The fishes bearing
a small number of glochidia did not show any
abnormality, although occasionally they showed
some bacterial infection. The bacterial infection
was probably caused due to the lesions produced
after the detachment of parasitic glochidia from
the host fish.
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Studies on interspecific salmonoid hybrids be-
tween chum salmon, Oncorhynchus keta (Walbaum)
and kokanee salmon, Oncorhynchus nerka var.
adonis (Jordan et McGregor) - VI. Growth and
distribution of chum & X kokanee salmond hy-
brids planted at Shikotsu lake.

Toshiro Terao, Masaaki Uchiyama, Sumio
Kurahashi and Haruyoshi Matsumoto

1. In order to learn the life history and ecological
patterns of the hybrid fish interbred between
chum salmon® and kokanee salmond, the young
specimens marked by cutting their adipose fins
were transplanted in Lake Shikotsu, Hokkaido,
Japan, during the period of 1963 to 1967, every
year, successively. The present report deals with
the result of the studies made on the specimens
recaptured in the period of 1964 to 1967 year.

2. The specimens recaptured in the lake were
composed of those of 0-4 years of age. However,
a considerable number of the specimens of 0-year
of age were recaptured in Chitose River (Fig. 1)
during the season of summer to autumn. Such a
downstream behavior of these young’s may be
due to their physiological changes resembling
that of chum salmon young’s. However, the be-
havior of the former appeared to be not so dis-
tinct as in the case of the latter.

3. Growth of the hybrid fish was much greater
than that of kokanee salmon. For instance, body
length of the hybrid fish of 1-year of age recap-
tured by angling in the lake was approximately
as long as that of 3-year of age of kokanee
salmon. Growth of the hybrid fish of 0-year of
age resembles that of chum salmon. However, the
hybrid fish showed a unique body form becoming
fat gradually as they aged.

4. The depth of water at which the transplanted
specimens were recaptured, was found to be
closely related with the thermal stratification of 6
to 19 C in the lake. This range, which corre-
sponds to their habitable temperature, is wider

than those of both parent fishes, that is 7 to 13

‘C in kokanee salmon and 8 to 18 ‘C in chum
salmon. Although the hybrid fish were recaptured
even in the surface water and coastal areas of
the lake, such a wide distribution of them was
considered to be subsequent upon their inherent
nature habitable in the wider range of water tem-

perature as compared with the parent fishes.
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Data on the studies of chemical composition of
inland water in Hokkaido (VI)

Kiyoshi Yoshizumi and Masako Minamoto
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A preliminary reconnaissance of Lake Kanayama,
a reservoir in Hokkaido.

Minoru Osanai , Hisao Tanaka and Mitsuaki
Atoda

5245 (1969)
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On the effect of the intermittently discharging of
the waste water from the starch factory on
aquatic animals.

Teruhiko Awakura, Mitsuaki Atoda, Katsuhiro
Inoue and Yoshiaki Chiba

Experiments of the effect of the intermittent
discharge of the starch factory waste on aquatic
animals were carried out during the period from

August 1967 to January 1968 in the Makkari river



in Hokkaido. From the results of the bioassay on
rainbow trout by breeding in the fish preserve, it
is highly probable that the physiological effect of
intermittent discharge of the waste on rainbow
trout is slight. In the areas effected by the inter-
mittent discharge of the waste, aquatic animals
decreased in number and were rarely observed.
However, they showed the tendency of recovery
in the latter period of the intermittent discharge.
This tendency showed some correlation with the

growth of slimy fungi in the Makkari river.
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On the examination of the method to keep fishes
in the fish preserve for the bioassay of the
effects on fish caused by industrial waste.
Teruhiko Awakura, Kiyoshi Yoshizumi, Tomiko

Ito and Toshitake Asano

Examination of the method to keep fishes in
the fish preserve for the bioassay of the effects
on fish caused by industrial waste was carried
out four times using rainbow trout and masu
salmon in the Ishikari and the Satsunai rivers in
Hokkaido. The results demonstrated that the at-
tention to the hygienic condition of the test fish
and water temperature of the river are most im-
portant in keeping the fish in the fish preserve.
The best result was obtained through the experi-
ment, when the hygienic condition of the test
fishes was normal and the water temperature of

the river was relatively low.
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Effects of dietary lipid containing carotenoid on
fish culture. I . Effect on growth and maturation,
and changes of carotenoid and lipid content in
flesh of kokanee salmon.

Toshiro Terao, Toru Ota, Masaaki Uchiyama and
Hoji Okada

It is well known that lipid added on the fish
culture dry food are producing many nutritional
functions with growth, maturities and thermal re-
sistance, and that carotenoid substance is a ne-
cessity in Salmonoid fishes flesh. In order to test
the effects of dietary lipid containing carotenoid
on Salmonoid fish flesh, comparative breeding
experiment of kokanee salmon of 2 ages was car-
ried out by two groups divided into the test and
the control for four months from spring to
autumn in 1968. The oil used in experiment was
Alaska pollack oil containing carotenoid. The test
group was fed with dry food added 10 per cent
of the oil and the control group was fed with
pellet food only. The growth rate, the dietary co-
efficient, the maturities, and the changes of lipid
and carotenoid content in the flesh of kokanee
salmon were investigated. In growth rate, dietary
coefficient and survival rate of eggs in the devel-
opmental period from fertilization to hatching,
very good results were obtained in the test group
compared with the control group as shown in
Fig. 1 to 5. The changes of lipid content of fe-
male in comparison with male of each group be-
came larger with the progress of the growth and
maturity. The lipid content of the test group
came near to these of kokanee salmon of the test
group 3 ages propagated in the natural lake. In
the test group, the variation of lipid content al-
most parallaled to the curve of mean growth rate
through the experiment. It was shown that the
carotenoid content in the flesh increased with the
growth and decreased with maturities of the go-
nads. The effects for addition of 10 per cent of

oil containing carotenoid to dry food were well



recognized on the growth, the dietary coefficient,
and the survival of eggs in kokanee salmon cul-

ture from the results of this experiment.
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Ecological studies on the masu salmon, Oncorhynchus
masou (Brevoort), of Hokkaido. 2. On the effect
of the ascends river and spawning behavior at
the sex maturity of masu salmon.

Minoru Osanai and Mitsuo Otsuka
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On the correlation between the age composition
of the freshwater pearl mussel, Margaritifera
laevis (HAAS) and the population size of salmonoid
fishes.

Teruhiko Awakura

The author has carried out the determination
of age of the freshwater pearl mussels, Margaritifera
laevis (HAAS) sampled from four different
places: the Chitose river; the Akan river and the
Ibeshibetsu river by the HENDELBERG method
and studied on the correlation between the age
composition of the freshwater mussels and the
population size of salmonoid fishes. The results
obtained are as follow:

1. In the neighborhood of the Chitose Dais an
Electoric Power Plant in the Chitose river, the
age composition of the mussels showed the influ-
ence of kokanee salmon which descended from
the reservoir.

2. In the spa of Oakan in the Akan river, the
age composition of the mussels showed the influ-
ence of four electoric power plants constructed
on downstream checked upstream migration of

salmonoid fishes.

3. In the 500 meters up from the mouth of the
Ibeshibetsu river, the age composition of the
mussels showed the correlation with the haul of
white-spotted char in the Lake Akan.

4. The above results suggest the possibility that
population size of salmonoid fishes may be pre-
sumed from the age composition of the fresh wa-

ter pearl mussels.
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Ecological studies of pond smelt, Hypomesus
transpacificus nipponensis McAllister. 1. On the
existence of two populations in Ishikari Bay, and
their probable origin.

Hisao Tanaka

In this paper the writer deals with the relation-
ships between vertebral number and populations
of the pond smelt which live in Ishikari Bay. The
average number of vertebrae in fish recaptured
from Ishikari region (river and coast) had been
more than 56 until 1967, but has been less than
56 since 1968 (Table 1). The average number of
vertebrae in fish recaptured from Yoichi is more
than 56 (Table 1). As far as vertebral number is
concerned, the populations of both regions must
have been divided into two groups, Ishikari and
Yoichi (Table 2). The presence of these two
populations may be due to the fact that pond
smelt was transplanted from Lake Abashiri to
Lake Ishikari Furukawa, an oxbow lake (Fig. 1
and Table 3), because the average number of ver-
tebrae in fish recaptured from Lake Abashiri is
less than 56 (Table 1). Furthermore, the existence
of two populations suggests that migration of the
pond smelt is limited to narrow spaces and that

two populations have not yet mingled.
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Preliminary report on the benthic fauna of the
river Teshio.

Mitsuaki Atoda, Kiyoshi Yoshizumi, Teruhiko

Awakura, Toshitake Asano and Tomiko Ito

1. The benthic fauna of the Teshio River system
was investigated six times from July 1968 to
November 1969. Eleven stations were located on
the main stream of the Teshio River and 14 sta-
tions on 12 tributaries.

2. The benthic fauna collected from the Teshio
River were composed of larvae of insects which
were may flies, caddis flies, stone flies, midges
and others, and adults of leeches, earthworms,
lugworms and gammarus.

3. The benthic animals of the upper stream of
the Teshio River were comparatively abundant in
kinds and numbers, which were mainly composed
of intolerant species. In the benthic animals near
Nayoro city, the tolerant species began to appear,
and as the stream went down, kinds and num-
bers of the benthic animals began to poor and
they were almost composed of tolerant species.
4. In 6 tributeries (Nayoro River, Penke River,
Niupu River, Oterekoppe River, Pankesakkuru
River and Monomannai River) the bottom condi-
tions were good, so kinds and numbers of the
benthic animals were abundant and many of
them were intolerant species. But in another 6
tributeries (Kenbuchi River, Inuushibetsu River,
Hurebetsu River, Onobunai River, Abishinai
River and Toikanbetsu River) kinds and numbers
of benthic animals were poor and they were al-
most tolerant species.

5. One of the important cause of scantness of the
benthic fauna of the Teshio River was considered
to be the physical condition of the river as the
bottom elements of downstream were gravels and

sands.

%255 (1970)
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Studies on the breeding and artificial crosses of
chum, Oncorhynchus keta (WALBAUM), and
kokanee salmon, Oncorhynchus nerka var. adonis
(JORDAN et MCGREGOR) in salmonoid fishes.

Toshiro Terao

Many studies have been done since Fujita
(1926) and Foerster (1935) presented the papers
on the artificial crosses in Salmonoid fishes.
From the consistent standpoint, however, of the
life stages of the eggs developments, and growth
maturity of hybrids F1 and of hybrids F2 through
intergeneric crosses and species crosses, any
study in which to examine, by comparison with
the parental fishes, biological characters and
traits in the phenotypes of the hybrids F1 have
not been published to date. The characteristics of
our studies are that: we have carried this consis-
tent pursuit investigation of the life stages and
the biological traits of these hybrids, and moreo-
ver, we have not only reared them in the experi-
mental ponds but also transplanted the fingerling
and recaptured the adults in the natural lakes’
waters, and as a results of examining the above
adults, we have found it clear that hybrids F1 in
Salmonoid fishes could contribute to aquacultures.
We found that growth and survival rates through
the life stages of the reciprocal hybrids F1 of
Chum and Kokanee salmon indicated the excel-
lent results, after examining the artificial hybridi-
zation and the breeding among Chum salmon,
Oncorhynchus keta, Masu salmon, Oncorhynchus
masou var. masou, Yamame salmon, Oncorhynchus
masou var. ishikawae, and Kokanee Salmon,
Oncorhynchus nerka var. adonis. Accordingly, the
reciprocal hybrids F1 of Chum and Kokanee

salmon have been cultured on each waters in the



experimental ponds and in the natural lakes. The
results of the investigations on the biological
characteristics of those reciprocal hybrids F1 in-
dicated on the features of the embryological,
physiological, ecological, morphological and cyto-
logical traits is that: the improved variety of hy-
brids F1 in Salmonoid fishes holds widely
possession of ecological traits of Chum salmon
(sea-run forms) and Kokanee salmon (land-
locked forms), and is right fit for freshwater
aquacultures. But as for the hybrids F2 there are
many problems awaiting solutions, especially
from the breeding viewpoints because survival
rates were low. Therefore, it is necessary the
methods of breeding and selection further, im-
proving variety or species of hybrids of Chum
and Kokanee salmon. The synopsis of the results
of our studies on the features and the traits of
hybrids F1 of Chum and Kokanee salmon is as
follows.

1. Embryological Study:

We observed the changes of the days and indi-
vidual sizes in the developmental stages of eggs
and alevins, comparing the reciprocal hybrids F1
with the parental species. We examined the days
required during the period of the fertilizations
and hatching on the conditions of a fixed water
temperature (8°C), with a view to knowing the
traits of each eggs as a species. Thus, we found
that the required days of each shoal of fish
meant one of the most important traits in the hy-
brids F1 as well as in the parental species, and
that in the developmental speed, the reciprocal
hybrids F1 were slower and required more days
than Chum salmon but they were faster and re-
quired fewer days than Kokanee salmon, while
the days required for hatching (or developmental
speed) of the reciprocal hybrids F1 showed a ten-
dency to being nearer to the paternal than to
maternal species in the parental species which
were used for crossing. Namely, in the develop-

mental speed, Kokanee & X Chum & Fl1 was

nearly similar to Kokanee salmon, Chum % X
Kokanee o' F1 was similar to Chum salmon re-
spectively and the F1 fishes were similar to the
paternal species in the parental species. The in-
dividual sizes of eggs and alevins of the hybrids
F1 in the same developments and the same devel-
opmental process are as follows: in each stage of
unfertilized eggs, fertilized eggs, eyed eggs and
alevins, Chum ¢ X Kokanee & was similar to
Chum salmon and Kokanee® X Chum o' was
similar to Kokanee salmon and their sizes were
nearer to the maternal than to the paternal spe-
cies. They underwent changes in developmental
stages and especially the weight of each egg in
the eyed eggs stage and the body weight of each
alevin in the hatching stage were similar to the
maternal in the parental species. As for the de-
velopmental speed and the sizes of alevin, the re-
ciprocal hybrids of Chum and Kokanee salmon
grew nearly in the same size and their sizes were
the intermediate between the parental species.
Survival rates of eggs and alevins of the recipro-
cal hybrids F1 were inferior to that of the paren-
tal species.

2. Physiological Study:

We measured the oxygen consumption of the
reciprocal hybrids F1 and parental species of
Chum and Kokanee salmon in the developmental
stages. Those values of the oxygen consumption
are considered a physiological indicator, that is,
are very useful for indicating the developmental
speed and metabolismic value in the growth of
the reciprocal hybrids F1 and parental species.
Those values in the reciprocal F1 and parental
species were found to be largely independent of
each species in the developmental stages.
Namely, the oxygen consumption values of the
reciprocal hybrids F1 varied with each sizes and
each developmental stags under each the condi-
tion. The oxygen consumption values of the re-
ciprocal hybrids F1 is smaller than Chum salmon

and bigger than Kokanee salmon. This outcome



is in accord with the results in our embryological
study.
3. Ecological Study:

The reciprocal hybrids Fl1 of Chum and
Kokanee salmon grew remarkably larger and
more satisfactory than the parental species in the
case of rearing both in the experimental ponds
and the natural lakes. Especially, the maximum
individual body size of the hybrids F1 of Chum
? X Kokanee & was the largest among the
Salmonoid (Genus Oncorhynchus) fishes of land-
locked form. But the sizes of the reciprocal hy-
brids F1 of Chum and Kokanee salmon were the
intermediate between Chum salmon, sea-run form
and Kokanee salmon, land-locked form. Survival
rates of the reciprocal hybrids F1 during the de-
velopmental period was inferior to Kokanee
salmon and very superior to Chum salmon, being
the intermediate value between the parental spe-
cies. Both females and the males of the recipro-
cal hybrids F1 of Chum and Kokanee salmon
had their fertility, but the eggs of each individual
female varied in size, and the gonad weight in-
dex (gonad weight in relation to body weight) in
maturated female adult was inferior to the paren-
tal species. Maturity age of the reciprocal hy-
brids was delayed one or two years by
comparison with the Kokanee salmon female
which grew earlier and matured within three or
four years.

4. Adaptability and Resistibility of the Hybrids
F1 to the Changes of Habitat Factor:

Within the limits of the parental species adapt-
ability and resistibility, the reciprocal hybrids F1
had wide viability for the habitat factors under
the physical and chemical conditions, that is, wa-
ter temperature, concentration of hydrogen ions,
and salinity etc. Namely, those hybrids F1
showed that they could live in and migrate in the
waters of the range of 6.0°C to 19.8°C in the wa-
ter temperature, and of 50 to 8.0 value in

concentrion of hydrogen ions, and of below 18.6

%o in the salinity. In the food habits, those recip-
rocal hybrids F1 covered a wide range of feeding,
— wider than the parental species in all life
stages.

5. Morphological Study:

The morphological differences between the re-
ciprocal hybrids F1 and the parental species were
that on the metameric traits we could see gill
raker number in first arches and pyloric append-
ages number, and that on the morphological
traits when thinking of each body part in rela-
tion to scaled body length, that is, of each
growth ratio, we could see head height, body
height, caudal height (caudal peduncle), maxi-
mum length of pectoral fin and base length of
anal fin. The morphological features of the recip-
rocal hybrids F1, in general, were the intermedi-
ate with wide variety between the parental
species.

6. Cytological Inheritance Study:

Chromosome number (2n) of somatic cell was
74 in Chum salmon and 58 in Kokanee salmon,
and 66 in the reciprocal hybrids F1 of Chum and
Kokanee salmon. Chromosome numbers of the re-
ciprocal hybrids F1 was the intermediate between
the parental species. In view of the results above
mentioned on the biological features of the recip-
rocal hybrids and the parental species of Chum
and Kokanee salmon, the following three remark-
able points should be emphasized when breeding
in freshwater aquiculture.

(1) In freshwater area the reciprocal hybrids F1
grew considerably better than the parental spe-
cies.

(2) The reciprocal hybrids F1 were remarkably
superior to the parental species in adaptability
and resistibility to the changes of habitat factors,
such as water temperatures, concentration of hy-
drogen ions, salinity and food habits.

(3) The maximum individual body size of the hy-
brids F1 of Chum ¢ X Kokanee &' was the larg-

est among the Salmonoid fishes of land-locked



form.

On the contrary, the sizes and developmental
speeds of eggs and alevins of the hybrids F2 of
Chum and Kokanee salmon covered a strikingly
wide range of variation and the survival rates
were low—wider and lower than the hybrids F1
and the parental fishes. Therefore, it is necessary
to study deeply into the way of selecting superior
variety from among the hybrids F2. The ways
how to select superior variety are as follows.
Selection by means of:

(1) The days required and the differences during
the period of the fertilization and hatching
stages, with a view to knowing the size and the
developmental speed of eggs and alevins.

(2) The changes and the differences in oxygen
consumption of eggs and alevins in the develop-
mental stages.

(3) The growth rates measured by the size and
the difference of the length and weight of the
body in the life stages.

(4) The differences of the morphological traits on
the specific growth of body height in the individ-
ual body length over 10 centimeters.

(5) The differences of adaptability and resistibil-
ity to the changes of physiological conditions of
habitat factors, such as water temperature, con-
centration of hydrogen ions, salinity etc.

(6) The variation of chromosome number in view

of cytological inheritance.
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Morphometrical studies and the gonad of Osmerus
eperlanus mordax (MITCHILL).

Koshiro Ito
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Habitats and environmental conditions of pond

smelt, Hypomesus olidus, in Hokkaido

Hisao Tanaka

The present report is summarized as follows:

1) In Japan Hypomesus transpacificus nipponensis
is widely distributed from Hokkaido to Kyushu,
but Hypomesus olidus only in Hokkaido. The re-
cent habitats of H.olidus reported by several in-
vestigators are shown in Fig.1l, including a new
habitat of the old-waterway of Yoichi River.

2) The morphological characteristics of both spe-
cies H.olidus and H.transpacificus nipponensis,
collected from the old-waterway of Yoichi River
are shown in Table 1 and Fig. 2.

3) Of these environmental conditions, water color
is in general brownish, transparency small and
water depth shallow. The habitats of H.olidus re-
ported by some authors until now are mainly lim-
ited to the lower parts of the river system and to
the area of the stagnant water like a pond and a
lake.

5265 (1971)
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The recent states of the water pollution in the
Tokoro River

Kiyoshi Yoshizumi, Mitsuaki Atoda, Tomiko Ito

and Kazushi Imada
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Studies on the fishery utilization of the Iwao-nai
Reservoir in Hokkaido. I . Limnological survey in
early water storage of the reservoir.

Hisashi Tonosaki, Hisashi Shibata, Sumio



Kurahashi and Tomiko Ito
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Studies on the transplanted kokanee salmon
(Oncorhynchus nerka var. adonis) to the Lake
Mashu, Hokkaido.

Minoru Osanai and Hisao Tanaka
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On the experiments of salt waters rearing of pink
salmon Oncorhynchus gorbuscha WALBAUM -
(1). Growth and mortality of salmon in freshwa-
ter and salt waters.

Toshiro Terao and Hoji Okada

In order to confirm experimentally the practica-
bility of salmon mariculture in the salt waters,
pink salmon were reared in salt-water medium,
water simple circular system at the Warm Water
Fish Experimental Station, Shikabe and the nets
enclosures, Oshoro Bay, Hokkaido and in the
freshwater ponds at the Mori Station of
Hokkaido Fish Hatchery. Young pink salmon
which they are ready to migrate downstream to
the seawater could rear to maturity over the en-
tire life cycle of these fish in the medium both of
the freshwaters and salt waters. The scopes of
nets enclosures in salt water of this experiments
at Oshoro Bay were one hundred cubic meters.
For the environmental conditions, water tempera-
tures ranges from 2.2 to 22.0 ‘C and specific
gravity of salt waters from 1.020 to 1.027. In this
salt waters, during the colder months of winter
and the warmer months of summer, the growth
rate of the pink salmon dropped both of body
weight and body length. We concluded from the

experiments described above that acceptable

temperature limits of pink salmon were 5 to 18
‘C both of salt water and freshwater, the opti-
mum temperature differed with from 8 to 13 C in
the salt waters and from 10 to 15 °C in the
freshwaters. Those pink salmon reared in salt
water have been showed better growth, better
survival rate and the high efficiency of food con-
version with negligible losses than in the
freshwaters. For maximum growth of salmon,
they grew the limits of 400 g in body weights
and 29.8 cm in body length, 60 to 70 per cent in
mortality of the salmon in the freshwater pond,
and 700 g in body weights, 35 cm in body length
in the salts waters in the period of two years re-
spectively. In spite of results of the experiments,
those growth were more slow than those of pink
salmon propagated in natural waters. Therefore,
the salt waters rearing by net enclosures will be
indicates possibility of profitable method of the

aquacultures.
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On a disease associated with the presence of
tubercul-like lesions in pink salmon, Oncorhynchus
gorbuscha, reared in fresh water pond.

Teruhiko Awakura and Takahisa Kimura

A disease associated with the presence of
tubercul-like lesions occurred in the one year old
pink salmon, Oncorhynchus gorbuscha, reared in
the fresh water pond at the Mori Branch of the
Hokkaido Fish Hatchery from 1970 to 1971.
Tubercular nodules were observed in the liver
and kidney, and less frequently in the spleen, in-
testine and gill. Most of the ill female fish lacked
secondary sexual development, and were stunted
and silvery colored. The lesions seem to be made
up of a central group of round cells and com-

posed of concentric bundles of a connective



tissue. The acid-fast bacteria were isolated from
lesions of the liver, but could not be found in the
smears prepared from them. However, a parasite-
like body which was stained by haematoxyline or
azocarmine and which indicated PAS-positive
was observed in the round cells around the le-
sions. The young pink salmon which was artifi-
cially infected by the juice of the tubercular
nodules showed hyperemia and swelling of the
intestine and of the injected part. Those fish died
three to four days after the inoculated period.
Several antibiotics have been tried to prevent this
disease, but no effect was detected. This disease
has resemblance to the tuberculosis of the migra-
tory salmonides reported in the pacific coast of
the United States of America from the viewpoint
of clinical signs or the isolable acid-fast bacteria,
but its similarity in the histopathological obser-

vations and other evidences is not proved.

5275 (1972)
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Studies on acanthocephaliasis of the salmonid
fishes infected by Acanthocephalus minor YAMAGUTI,
1935.

Teruhiko Awakura

The author has observed the Acanthocephaliasis
of salmonid fishes in the Mori branch of
Hokkaido Fish Hatchery locating in southern
Hokkaido. Acanthocephalus minor YAMAGUTI,
1935 was studied frequently in rainbow trout
Salmo gairdneri irideus, Yamabe Oncorhynchus
masou, dolly varden Salvelinus malma left in an
unused fishpond and the waterways from other
fishponds, naturally breeding three-spined sticklback
Gasterosteus aculeatus aculeatus and steelhead

trout Salmo gairdneri gairdneri reared in

fishpond located in down stream. From the same
unused ponds, a large numbers of intermediate
host Asellus hilgendorfi were also collected, and
larval acanthocephalans were found to infect the
body cavity of 6.5 percent of them. Many Asellus
hilgendorfi were obtained from the gastric con-
tents of host fishes. The parasite bores into the
wall of intestine, particularly near the anus with
its proboscis. The infilteration of inflammatory
cells, multiplication and damage of submucosa in
the intestine were observed around the proboscis
at the point of its penetration. It is first time that
A.minor is recorded in Hokkaido and the present
study is the first report of A.minor infection in
Salmo  gairdneri irideus, S.gairdneri gairdneri,
Oncorhynchusmasou and

Salvelinus malma,

Gasterosteus aculeatus aculeatus in Japan.
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Hepatic tumor in pond-cultured kokanee.
Kiyoshi Ishii, Teruhiko Awakura and Kazunori

Takano

Hepatic tumor in pond-cultured kokanee
(Oncorhynchus nerka) reared at the Mori Branch
of Hokkaido Fish Hatchery from 1969 to 1972
was studied from the viewpoint of gross anatomy
and histopathology.

1) Neoplastic liver lesions accompanied with he-
patic hypertrophy occurred with high incidence in
the dead fish collected in 1969 and 1970. On the
contrary, no hepatic tumor could be detected in
the dead fish in 1971.

2) In the liver cells of unaffected kokanee, sexual
differences were detected during the course of
gonadal maturation, and some degenerative as-
pects were observed in the breeding season.

3) The tumor was recognized at first as minute,

white or greyish white nodules of 1-2 mm in



diameter, and raised above the surface of the
liver. These nodules consisted of markedly
vacuolated cells. Ultrastructurally, these vacuoles
contain fat droplets which are surrounded with
glycogen.

4) Besides the vacuolated cells, many pleomorphic
cells with the nuclei of varied shapes and abun-
dant connective tissues were observed in the ad-
vanced nodules of the liver obtained in 1970. On
the contrary, neither occurrence of the pleomorphic
cells nor striking increase of the connective tissues
were detected in the nodules examined in 1971 ex-
cept the only one case.

5) A brief discussion was conducted on the relation
between the diet which had been given during the
course of sexual maturation and the tumor forma-

tion.
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Ecological studies of pond smelt, Hypomesus
transpacificus nipponensis McAllirster 2.

On the appearance of “large” and “small”

populations in size in the mouth of River Ishikari

Hisao Tanaka

In this paper the writer observed the growth, age
and maturity of gonad of the pond smelt collected
from River Ishikari and its coast during 1969 to
1970. The feature of appearance and growth of the
pond smelt in the mouth of the Ishikari river is dif-
ferent from pre-spawning period in February and
March to spawning period in May. “Small” in size,
O-year-age immaturd fish, is dominant, while

“large” one, 0-year-age matured, is very poor at
pre-pawning period. On the other hand, “large” ma-
tured fish of 1-year-age is prominent in number, but
small immatured fish of same age have hardly col-
lected by seine or small set nets at spawning pe-
riod. Considering the seasonal emergences of the

two populations, these life histories are shown in

Fig. 4. If is suggested that these variations in size
might be caused by the differences in habitats,
abundant food organisms and vast space in “off-
shore”, but scanty diet and narrow space in “in-

shore and estuarine”.
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The recent states of the water quality on Lakes
Onuma, Konuma and Junsainuma.

Kiyoshi Yoshizumi, Mitsuaki Atoda, Tomiko Ito

and Toshizo Yonekawa
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Studies on the aquatic insect fauna and environ
mental conditions of the Chihase River, Hokkaido.

Mitsuaki Atoda and Kazushi Imada
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Studies on the aquatic insect fauna and the envi-
ronmental conditions of the Shakotan River, the
Kenichi River and the Otoshibe River, Hokkaido.
Mitsuaki Atoda and Kazushi Imada
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On the inhibition of silvering and protective ef-
fect induced by methyltestosterone in the skin of
masu salmon (Oncorhynchus masou).

Fumio Yamazaki, Teruhiko Awakura, Mitsuaki
Atoda and Shoji Tanada

This study was carried out to elucidate the in-
hibitory effect of methyltestosterone on the silver-
ing a masu salmon (O.masou). The protective
effect of the methyltestosterone on the skin was
also examined.

1) It was found that oral treatment of methyltestosterone
in the concentration of 10ug or 30ug per g diet
for 15 days had strong effect on the silvering and
caused the fish to the state of stream residual
parr.

2) Descaling caused during handing of silver
masu salmon was also inhibited by the
methyltestosterone. This inhibitory effect to
descaling was almost the same when both groups
of 10ug and 3lug were fed for two weeks.

3) The skin of the methyltestosterone treated fish
increased much in thickness, especially in epider-
mis and upper layer of the dermis which includes
scales. No remarkable changes were found in
stratum compactum.

4) Mucous cells in epidermis moved toward the
surface of the body and were more active in mu-
cous secration.

5) In the ovary of the fish of both experimental
groups, there was no increase in weight during
the hormone treatment, but after stopping the
treatment the ovarian weight increased parallel to
the control fish. No histological changes such as

atrophy of ovarian eggs were found in both 10ug

and 30ug groups during the hormone treatment.
6) It is suggested that oral treatment of
methyltestosterone under the concentration of
10ug per gram diet is useful for the prevention of

skin diseases in salmonidae.
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Studies on sex differentiation of salmonidae— I.
Effects of estrone on sex differentiation of the
rainbow trout (Salmo gairdnerii irideus GIBBONS).
Houji Okada

The present study carried out to elucidate the
normal development of the gonad and sex differ-
entiation in the rainbow trout. The effect of
estrone on the sex differentiation was also exam-
ined. The results obtained here were summarized
as follows.

1) At the time of hatching, the primordial germ
cells were found in the gonadal rudiment. The fe-
males were identified when 26mm in body length
(48 days after swimming) by the appearance of
ooytes, and the males were identified 55mm or
more in body length (124 days after swimming)
by the development of seminiferous tubles.

2) After the oral treatment of the estrone at the
concentration of 10ug., 50ug., 100ug. per gram
diet to newly hatched fry for 58-124 days, some
of them retained undifferentiated gonads having
only gonia and gonadal stroma, where as some
others undeveloped ovaries. But most of the go-
nads developed to ovaries through the normal de-
velopment. Female ratio was about 80% to 90%
in all estrone treated groups, though high mortal-
ity was recorded.

3) The effect of estrone were observed in other
organs such as liver, kidney or swim bladder.
Liver and kidney were enlarged, and renal tubule
was degenerated. Outer connective tissue of swim

bladder were hypertrophied. These abnormalities



increased with the concentration of estrone, and
normal condition returned after stopping estrone
treatment.

4) Relation between concention of the estrone
and duration of treatment in inducing sex differ-

entiation was discussed.
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Studies on the cultures of chinook salmon,
Oncorhynchus tschawytscha (WALBAUM) reared
in freshwaters and saltwaters (1).

Toshiro Terao, Haruyoshi Matsumoto, Houji

Okada and Seizo Saito

In order to confirm experimentally the practica-
bility cultures in freshwater and saltwaters,
chinook salmon, Oncorhynchus tschawytscha were
reared in saltwater medium, net enclosures,
Oshoro bay and in the freshwater ponds at the
Chitose Station of Hokkaido Fish Hatchery. The
rearing tests of salmon had carried out during
five years from 1968 to 1972 in freshwater ponds
and two years from 1970 to 1972 in saltwaters.
For the freshwater culture of salmon, water tem-
peratures were showed the ranges from 6 to 11
°C. For the environmental conditions of saltwaters,
water temperatures were showed the ranges from
2.2 to 24°C and specific gravity of saltwaters from
1.020 to 1.027. In this saltwaters, during the
colder months of winter and warmer months of
summer, the growth rate of the chinook salmon
dropped both of body weigh and body length.
We concluded from the experiments described
above that acceptable temperature limits of
chinook salmon were 5 to 22°C both of saltwater
and freshwater the optimum temperature with
from 8 to 20°C in saltwaters and from 8 to 15°C
in the freshwaters. The results of both cultures

of freshwaters ponds and saltwater floating pens

are shown in Figure 1 to 8 and Table 1 to 8.
Those chinook salmon reared in saltwaters have
been showed better growth, better survival rate
and the high efficiency of food conversions with
negligible losses than in the freshwater ponds. In
point of growth, chinook salmon reared in salt-
water fish pen had not inferior to chinook
salmon propagated in natural saltwaters. For the
largest growth of salmon, they grew the limits of
1,800g in body weights in freshwater pond and
5.42kg in body weight, 64.6cm in body length in
the saltwater pens in the period of two years re-
spectively. Therefore, the saltwaters rearing by
net enclosures will be indicates possibility of
profitable method of the aquacultures. For the re-
sult of culture of the freshwater ponds, ovarium
of chinook salmon maturated in five years. We
were able to obtain many of healthy eyed out
eggs and alevins at first time. Further investiga-
tions are to shorten maturated four year age in
freshwater rearing and to be able to rear more
larger specimens of three and four year ages of

chinook salmon.
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Studies on the vertebral malformation of fishes
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I. On the abnormal fishes found in Hokkaido.

Kazushi Imada and Kiyoshi Yoshizumi

This paper deals with the morphological study
of twenty abnormal fishes; six daces, nine
crucians, a flatfish, a pond smelt and others,
caught in Hokkaido. Five daces and eight
loaches showing normal bodies collected from the
Osarappe river, a branch of the Ishikari river, are
also observed. These thirteen fishes have slight
abnormal vertebras. By radiographic observa-
tions, thirty three specimens are grouped into fol-

lowing four types according to vertebral



structure. Type-@; Scoliosis is ten specimens.
Type-@; Lordosis and kyposis are only two
specimens. Type-®; Combination of scoliosis,
lordosis and kyposis are eight specimens. Type-
@; Fusion or shortening of vertebral centrums
are thirteen fishes showing normal bodies.
Malformed vertebral centrums, i. e. fracture or
curvature, mostly appeared to the part of caudal
vertebras, and total vertebral counts of these ab-

normal fishes are equal to that of normal ones.
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On the pollution and benthic fauna of Shojin-
gawa, a small stream, in Sapporo.

Tomiko Ito

1. In Shojin-gawa, a small stream in Sapporo,
Japan, polluted by organic matter and suspended
solids, the chemical condition and benthic fauna
were studied in June and in October 1973.

2. In the middle part of the stream (Stations
number 2-3) where the waste of pig farms
drained into the stream and the B.O.D. value of
the water was 1-2 ppm, the number of bottom
animals decreased and Tubifex tubifex and
Spaniotoma sp. A formed over 90 per cent of the
benthos.

3. The number of benthic animals decreased
strikingly in the lower part of the stream
(Stations number 6-7), where it was heavily pol-
luted by human organic waste from nearby
houses. However, in the lowest part of the stream
(Stations number 8-9), the pollution decreased
and Hirunedea, Asellus, Tubificidae and
Chironomidae formed a typical benthic fauna in
a polluted stream.

4. A heavy rainfall made the stream turbid, ex-
cept for the upper stream (Stations number 1),
because of the quarry of volcanic ash and the
unpaved road along the stream in October.

5. Three species of Tubificidae (Tubifex tubifex,

Limnodrilus hoffmeisteri and L.claparedeianus)
were found in the stream. Many newly hatched
worms of Tubifex tubifex occurred in mildly pol-
luted sites. In heavily polluted localities,
L.hoffmeisteri, L.claparedeianus and a few
Tubifex tubifex were found. The percent occur-
rence of genus Limnodrilus was related to the

B.O.D. value and the saturation percentage of

dissolved oxygen.
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Limnological reconnaissance of Horokayan-to, a
bog lake of Tokachi district, Hokkaido.

Minoru Osanai and Hisao Tanaka
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On the large specimens of salmonoid fishes
obtained from Shikotsu Lake, Hokkaido

Toshiro Terao and Toyohiko Hikita

This paper will be help to know the large
specimens records and growing capacities of
some different species of Salmonoid fishes land-
locked in lakes and rivers. We reported on the
largest samples of Salmonoid fishes obtained in
the Shikotsu lake. In this paper, we described the
morphological and meristic characters with recip-
rocal hybrids F1 of Chum salmon, Oncorhynchus
keta X Kokanee salmon, Oncorhynchus nerka
var. kennerlyi male and female, Cherry salmon,
Oncorhynchus masou male and female and Char,

Salvelinus leucomaenis.
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Studies on the microsporidian infection in salmonid
fishes.

Teruhiko Awakura

Microsporidian infection is a problem in the
propagation and culture of salmonid fishes in
Hokkaido Island, Japan. As the microsporidia
which infection in the fresh water fishes in
Japan, Plistophora anguillarum Hoshina in cul-
tured eel and Glugea sp. in cultured ayu have
been reported. The studies, however, on this dis-
ease are restricted mainly in taxonomy of the
parasitic microsporidia. Studies on transmission,
host-parasite relationship, prevention and the
control of this disease are few and many prob-
lems are still to be solved. In this study, the
author relates a microsporidian infection which
occurred endemically in Chitose river in
Hokkaido. This study has been made to investi-
gate the macroscopic, patho-histological and he-
matological aspect of this endemic disease.
Taxonomy of parasitic microsporidia, biological
characteristics of the spores, natural transmis-
sion, histological reaction of host fish, the pre-
vention and the control were also studied. The
results obtained from the present study are sum-
marized as follows:

1. The disease occurred in all kinds of salmonid
fishes bred in the upstream waters of the Chitose
river in Chitose City, a tributary of the Ishikari
river, and in the Tokito Numa in the suburbs of
Tomakomai City. Parasites were found only in
the heart muscle in chronic cases. But in acute
cases, they were found also in the trunk muscle,
fin muscle, masticatory muscle, eye muscle,
throat muscle and gullet muscle as well as in the
heart muscle. Mortality was high in the acute

case, but low in the chronic case.

2. The parasite caused various pathological
changes in the muscular tissues. In the heart
muscular tissue, the infiltration of inflammatory
cells, phagocytosis of host cells, hyperplasia of
the connective tissues, inflammatory hydrops and
granulomatus lesions were observed. Many tuber
were formed and the tissues became hypertro-
phied. The heart was deformed and also hyper-
trophied. The changes in the trunk muscular
tissue and others caused by the parasites were
not remarkable. But numerous and large spindle-
shaped cyst-like bodies (2 to 3 mm wide, 3 to 6
mm long) were found there and the surrounding
muscle fibers showed abnormal signs.

3. In both chronic and acute cases, the increase
in serum protein and the decrease in A/G ratio
were recognized. Other haematological changes
were not remarkable. This tendency was also
found in naturally inhabited masu salmon and
rainbow trout in the Chitose and the Naibetsu
river in August. This fact may indicate that the
infected fish produce the antibody to parasitic
microsporidia.

4. In 1933, Dr. Takeda reported the microsporidia
of this disease as Plistophora sp.. But the author
identified this to genus Glugea from morphologi-
cal characteristics of the vegetative stage of this
microsporidia. At present, eight species have
been reported as the species of Glugea from
fresh water and euryhaline fishes. Compared with
the eight species, the present species is distinctly
different from them in the size of spore, length of
polar filament, vegetative form and host specific-
ity. As a result, the present species appears to be
new to science and will be called Glugea takedai
n. sp. after the name of the late Dr. Takeda, who
first discovered it. Comparisons with the life cy-
cles of Glugea takedai n. sp. to G.anomala and
G.weissenbergi may indicate that the host-
parasite relationship of this microsporidian and
salmonid fishes is slight and occurred relatively

late in the evolutionary process of the host-



parasite relationship. An illustrated synopsis of
the known microsporidea of freshwater and
euryhaline fishes in Japan is given and taxo-
nomic keys of them are described. Three
microsporidian spores found in fresh water fishes
in Japan were studied with the scanning electron
microscope. The details of the surface structures
of the spores might well prove to be of great
help in recognizing differences in the individual
microsporidian species.

5. Studies on the biological characteristics of this
species, especially on the activity of spores wee
carried out. As a result, the determination of ac-
tivity of spores by the method of evaginating po-
lar filament was possible in this species and the
spores which were treated with 0.5% trypsin so-
lution evaginated the polar filament. Effect of
temperature, dryness and three germicidal agents
upon the extrusion of filaments in the spores of
this microsporidia were examined by the above
mentioned method. The possibility of culture of
this microsporidia in MEM-RTG-2 medium was
examined. As a result, the appearance of para-
site-like bodies in cultured cells was observed in
the trypsin treated spores inoculated in RTG-2
cells. But the cells detached themselves from the
culture tubes about 10 days later and it was dif-
ficult to observe their complete life history.

6. From the epidemiological studies on the natu-
ral and experimental transmission, investigations
of organisms both in the reservoir in the up-
stream of the Chitose River and the Chitose
River, and experiments on the mechanism of
transmission, the intermediate of natural trans-
mission presumed rotifers, FEuchlanis dilatata
which flowed from the reservoir. The author sug-
gested the possibility that the transmission is
trans-epidermis and the parasitic glochidia of
freshwater pearl mussel, Margaritifera laevis
were connected indirectly with this transmission,
Host-parasite relationships with this microsporidia

and salmonid fishes are presumed to occur after

the construction of electric power reservoir.

7. The host reaction to the infection of this
microsporidia were summarized as the infiltration
of inflammatory cells, phagocitosis of host cells
and hyperplasia of the connective tissue. These
host reactions were different in the species and
age of host fishes and were more remarkable in
more aged fish in the same species. It was clear
that the host reaction was influenced by environ-
mental water temperature.

8. In order to establish the treatment for this dis-
ease, the author examined the acquired immunity,
temperature treatment and chemotherapy. The
microsporidia ceased to increase in number at
the schizogonic stage after transferring to the
well water (about 8.0°C) and the microsporidia
was located only in the heart muscle. In cold wa-
ter (mean 11.4°C) made by mixing well water and
river water, (18.3°C), the multiplication of the
microsporidia was lower and the microsporidia
were found one month later than in the control
group which was bred in the river water. Six
drugs which were recognized to be effective for
the treatment of coccidiosis and toxoplasmosis
were tried out on this microsporidian infection.
But fishes treated with sulfa drugs, amporolium
showed remarkably less multiplication of
microsporidia and there was an increase in the
survival rate of infected fishes. Infected fishes
acquired the remarkable immunity. This immu-
nity was very strong and lasted as long as one
year.

9. The author has been able to demonstrate that
microsporidian disease of salmonid fishes is due
to Glugea takedai n. sp. which is mediated by
planktonic organisms found in the reservoir used
for electric power. The present results suggest
that the construction of electric power stations
and reservoirs influence composition of organ-
isms in the down-stream waters and a new host-

parasite relation arises.
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Ecological notes of pond-cultured masu salmon
(Oncorhynchus masou) 1.

Notes on the survival rate from egg to fry, sex
ratio, differentiation of the 0 year old fish and
embraced egg number of adult females.

Mitsuaki Atoda

3, ALIRT AL DRI K IR D ) & EHEA R 2o
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On the pollution and benthic fauna of the stream
Kitanosawa and the stream Anazawa in Sapporo.

Tomiko Ito

1. In the stream Kitanosawa and the stream
Anazawa, Sapporo, Japan, polluted by organic
matter, the chemical conditions and benthic
fauna were studied in May and in November,
1974.

2. In the upper part of both stream (K1, Al, A2)
where no waste drained into the stream, the
benthic fauna had a relative diversity. On the
other hand, in the lower part of both stream (K4-
7, A3) where it was polluted by human organic
waste from nearby houses, B.O.D. value reached
3-9 ppm and the number of benthic animals de-
creased. But the oxygen content of the water was
high and substratum was not covered with sand
or mud in the lower part of both stream, because
the gradient of both stream was large and cur-
rent speed was fast. Therefore, the typical
benthic community in a gross polluted waters,
which  will be wusually formed by Asellus,
Chironomus or Tubificidae, did not appear in
both stream.

3. Number of Spaniotoma sp., Chironomidae,
Antocha sp., Tipulidae, and Nais sp., Naididae,

increased strikingly in the station where the

oxygen of the water were nearly saturated and

nutrient salts were abundant.
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The research of the environmental conditions in
the lakes and reservoirs of Hokkaido. 1.

The Lake Tonbetsu, Yudo and Furen

Minoru Osanai, Toshio Tanaka and Kazushi

Imada

305 (1975)
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Report on the plankton-fauna and-flora of the
Shiretoko-goko Lake group, northeastern Hokkaido

Hisao Tanaka

In this paper the author deals with the plank-
ton-fauna and-flora of the Shiretoko-goko Lake
group in the Shiretoko Peninsula, northeastern
Hokkaido. As in Table 1-3, 19 species of
planktonic animals and 110 species of planktonic
plants were identified. Many of them are cosmo-
politan species, but some of them are grassy
pond-or moor-like-habitants which are zooplanktonic
Macrocyclops fuscus, Daphnia rosea, Alona affinis,
Alonella excisa and Chydorus, and phytoplanktonic
Frustulia, Eunotia, Pinnularia and many desmids.
Considering from the plankton-fauna and-flora of
the Shiretoko-goko Lake group, it is regarded
that this lake group belongs under disharmonic

lake type and distrophic lake.

2, AWERKIBICRIT D) A 3L H (Chironomus
yoshimatsui, Syncricotopus rufiventris, Anatopynia

vaia) DM



B CbimESLKERALYS) (15—22)
Microdistribution of three chironomids larvae
(Chironomus yoshimatsui, Syncricotopus rufiventris,
Anatopynia vaia) in organically polluted waters.

Tomiko Ito

1. The microdistribution of the larvae of
Chironomus yoshimatsui, Syncricotopus rufiventris,
Anatopynia varia (Chironomidae, Diptera) was
studied in the organically polluted waters of
Shojin Stream, and a nearby pond in Sapporo, in
August and October of 1974. The pond’s water
came from Shojin Stream.

2. The microdistribution of three chironomid lar-
vae was influenced by the substratum and water
current.

3. The younger larvae of C.yoshimatsui built their
cases on the stones in the stream. In the pond,
they built their cases on floating substances,
such as leaves, dead insects and grass. The
grown larvae of this species built their tubes in
mud bottom of the stream and the pond. The lar-
vae of C.yoshimatsui as well as some species of
the genus Chironomus do “age migration."

4. The larvae of S.rufiventris built their cases on
the stones of the stream and on floating sub-
stances in the pond. They never lived in the mud
bottom.

5. The larvae of A.varia lived in the mud bottom
of the pond, and rarely lived in the stream. The

pupae of this species floated in the pond water.
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Studies on blood properties of Salmonoid fishes
by clinic biochemical analysis (1). Comparison
on blood and serum analysis parameters between

natural return fish and the cultured fish of Pink

salmon, Oncorhynchus gorbuscha (WALBAUM)
in the spawning season.
Toshiro Terao, Hoji Okada and Haruyoshi

Matsumoto

In order to assess their physiological states of
salmonoid fishes at each growth stage, we
analysised primarily sixteen articles on blood and
serum properties natural and artificial cultured
adult pink salmon in spawning season. Analysis
methods used the spectrophotometric clinical pro-
cedures (RaBA-3010) and clinical biochemical Kit
reagents. This is the first report of blood pa-
rameters for the pink salmon in the spawning
season. In this results, those blood analysis pa-
rameters of natural returns of pink salmon were
able to show more exactly those physiological
conditions in the spawning season. When com-
paring the results of analysis of blood parame-
ters in natural return adult fish with those in
cultured fish, we feel strongly that the former
showed more normal analysis values of blood
clinical conditions than the latter of pink salmon
in the spawning season. The normal values of
blood clinical biochemical parameters for human
are very different from that of the salmonoid fish
ones. Further investigations are to research ones
blood clinical biochemical parameters in stages

of each growth of many salmonoid fishes.

4, V¥ ¥ E Sprinchus lanceolatus (HIKITA),
OFEFERE— T KN TOREIIFTEIIZOWT
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(31—38)

Studies on the spawning habit of the long finned
smelt, Sprinchus lanceolatus (HIKITA)— I. On
the spawning behavior in the aquarium.

Hoji Okada, Satoshi Kudo and Kazuaki Hayashi

We investigated the spawning habit of Long
finned smelt, sprinchus lanceolatus (HIKITA),



collected in the Saru river in Hokkaido Prefecture,
in the autumn of 1974 and 1975. The present stud-
ies carried out to clear the spawning behavior of
Long finned smelt in the circulated angular glass
tank. Observations on the spawning behavior were
made by means of the naked eyes, 35mm photo-
graphs and 8 mm movies. Oviposition rate of fe-
males, percentage of fertilized eggs and rate of
survival were also investigated. The results ob-
tained here were summarized as follows.

(1). If suitable conditions of lights and water
temperatures were settled, the Long finned smelts
would spawn easily even in the aquarium.

(2). The spawning behavior was held by mated
male and female. Each female oviposited in sev-
eral times in a night and their coelom became
empty. The mated pair was changed freely in
each spawning. Digging movements for redd and
territories were not observed in the present ex-
periments of the spawning behaviors.

(3). Spawning acts started with male’s feeling
postures. The paired male and female swim
quickly against water current standing side by
side on the gravel of the aquarium.

The oviposited eggs were whirled up in the wa-
ter. Soon after, the eggs sank to bottom and
stuck to gravels.

(4). Fertilized rate of eggs was above 95% and it
was close to fertilized rate of natural spawning.

Survival rate of eggs was also very high.

5, U7 A JB3FEDFEINE

BHEERNEE  ClLHmE LK ZERALYS) (39—42)

Notes on the spawning habits of three species of
Genus Tribolodon, in Hokkaido.

Yoshio Ito

6, HILBITBIT HEAMAKOKEIZONT
PR (CLiRELRER LY (43—56)

Chemical composition of fish-pond water in Mori
Branch.

Hiroyuki Sakamoto
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On the chum X kokanee salmon hybrid FI
cached from Samani bay, Hokkaido.

Toshiro Terao, Haruyoshi Matsumoto and Hoji

Okada

A female salmon specimens catched by salmon
trapnet in Samani bay, Hokkaido on June 19,
1975 year. It was identified that this species was
a salmon of Chum X kokanee hybrid F1 esti-
mated from meristic characters of gill raker num-
ber, pyloric caeca number and scale features. In
this paper, we described the morphological,
meristic characters and some ecological habits of
hybrid Fl fish. Many of morphological and eco-
logical characters compared between a specimens
of Chum X kokanee salmon hybrid F1 fish and
Chum, Sockeye salmon obtained North Pacific
Ocean. As a result of this investigation, we esti-
mated that female fish of hybrid Fl grew re-
markably large specimens in natural saltwater
environment of North Pacific Ocean. The values
for practical usage are well recognized that fish
cultures of Chum X kokanee salmon hybrid F1
are closely related to the production works of

sockeye salmon in Hokkaido.

%315 (1976)
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Changes of biochemical components in serum,



liver and muscle of adult masu salmon retaining
pond for sexual maturity.
Toshiro Terao , Hoji Okada, Koshiro Ito, Toshizo

Yonekawa and Hisao Tanaka

Adult Masu salmon Oncorhynchus masou mi-
grate into rivers and streams in Hokkaido from
spring to autumn season. During the spawning
season, it is necessary to support these fish on
the healthy conditions retained at the culture
pond. Recently, useful methods of diagnosis of
nutritional and pathological conditions have been
employed these analysis of biochemical compo-
nents in fish blood serum. The changes of
physiological conditions were carried out with in-
vestigations by biochemical analysis in serum,
liver and muscles in three times of stages of sex-
ual maturity obtained from the Nobuscha hatch-
ery pond Hokkaido. With the progress of sexual
maturity, the moisture content increase and the
fat content decrease in the fish flesh and liver.
Considerable individual variability’s of biochemi-
cal characters in blood serum were obtained
within the retained fish population of each three
stage of sexual maturities. From the above men-
tioned results, it seems to be quite all right con-
sider adult masu salmon retained in the culture
ponds were maturated more proper under their

environmental conditions to the spawning season.
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Studies on the vertebral malformation of fishes
II. Ecological and histological researches of
pond-cultured short-tail masu salmon (Oncorhynchus
masou).

Kazushi Imada and Mitsuaki Atoda
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Studies on the vertebral malformation of fishes
II. Vertebral deformation of goldfish (Carassius
auratus) and medakafish (Olyzias latipes) ex-
posed to carbamate insecticides.

Kazushi Imada

This author examined that the vertebral defor-
mation of fishes were realized by carbamate in-
secticides, for example, NAC, PHC, XMC and
MIPC. Goldfish (Carassius auratus) and medakafish
(Olyzias latipes) were exposed to carbamate in-
secticide solutions (1-10ppm) for a week, and af-
ter this treatment the fishes were breeded in well
water for a month and fed on the commercial dry
fish feed. Five, eight or ten fishes were put in
each tank but given no feed for exposed period
of insecticide solutions. Water temperature was
maintained at 23°C and aerated with compressed
air. Several days after exposure, the spinal body
curvature appeared in some fishes and they did
not return to the original form during the
breeded period for a month. X-radiographic ob-
servation of curved fishes proved that vertebral
fracture and luxation occurred in the centrums of
caudal vertebrae which were nearly seventeenth
centrum from the first centrum of abdominal ver-
tebrae of goldfish, and fifteenth to twentieth of
medakafish. Histological observation of fractured
goldfish showed that the osteoid appeared at pe-
riphery of fractured centrum and transformed
into neoplastic bone. Neoplastic bone grew at
both ends of fractured centrum. This histological
figure indicated the, spontaneous repairing of
fracture. In the insecticide solutions, all fishes
showed the abnormal swimming forms, it might
be one of the cause of vertebral deformation and

body curvature.
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Ligulosis of cyprinid in the lakes of Hokkaido,
Japan.

Teruhiko Awakura, Hisashi Tonosaki and

Tomiko Ito

The present authors studied the parasitism,
taxonomy and ecology of tapeworms infecting
cyprinid fishes from May, 1975 to November, 1976
in Lake Onuma, Lake Toro and Lake Akan of
Hokkaido. The results obtained from the present
study are summarized as follows:

1. The tapeworms obtained from cyprinid fishes
in Lake Onuma, Toro and Akan were all found
to be the same species identified as Digramma
alternans (Rud., 1810).

2. Parasitism of D.alternans was observed in the
SG-type and H-type of curacies carp in Lake
Onuma. They were also observed in the SG-type
of crucian carp and Japanese dace in Lake Toro.
3. Infection rate of D.alternans in the SG-type of
crucian carp was low in the spring and high in
the autumn. The maximum percentage of infec-
tion recorded in Lake Onuma was 69.2%.

4. Young worms, less than one gram in body
weight were observed in crucian carp in middle
of July and late November in Lake Onuma. It
suggests that the parasitism of D.alternans oc-
curs in early summer to late autumn.

5. The infection rate was different in different
age groups in the SG-type of crucian carp. The
fish 2-4 age group were found to have 15.5-29.2%
in Lake Onuma, which in Lake Toro the percent-
age ranged from 6.7-66.7% in fish 5-6 years old
and no parasite was observed in 2-4 years old
fish.

6. The condition factor of infected fish was high.
If the parasite was removed from the fish, the
condition factor was the same between the in-
fected and uninfected fish. Castration like condi-
tion caused by the parasite was observed in the

SG-typed crucian carp in the relationships

between gonad and parasite weight index.

7. The first intermediate host of D.alternans in
Hokkaido was not confirmed.

8. D.alternans lived over 30 days at 4 and 7°C, 12
days at 15 and 20°C and 4 days at 37°C No
change in gonads was observed at 4, 7, 15 and
20°C and spermatogenesis in testis was recog-

nized at 37°C.

5 MEHEREMEOKEE T2 7 M HIZONT
MRl CbimE LR ERLSIEE S 5)  (83—96)
On the water qualities and plankton-fauna and
flora of the Uryu high moors, Hokkaido.

Hisao Tanaka

The writer investigated the water qualities and
plankton communities of the Uryu high moors in
Hokkaido. As the water qualities are shown in
Table 1, pH values are low and dissolved sub-
stances are very poor. Zooplankton identified are
shown in Table 2. Of these species, Heterocope
appendiculata was the dominant species, and
Daphnia rosea was the subdominant species.
Heterocope appendiculata was found by this sur-
vey for the first time in Japan. This species is a
northern habitant, and the others, Eurycercus
glacialis, Drepanothrix dentata, Ophryoxus gracilis,
are also northern habitants. Phytoplankton iden-
tified are shown in Table 3. Of these species,
Dinobryon sertularia was the dominant species in
1975, and Netrium digitus was the dominant spe-
cies in 1976. Other noticeable species (high moors
habitants) are as follows: Chroococcus turgidus,
Tabellaria flocculosa, Frustulia rhomboides var.
saxonica, Pinnularia, Eunotia, Cosmarium cucurbita,

Gymnozyga moniliformis.
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Chemical composition of lake water of lake group
Onuma (Onuma, Konuma and Junsainuma) in
1973-1976.

Tomiko Ito. Kiyoshi Yoshizumi, Kazushi Imada,

Teruhiko Awakura and Mami Okamoto

1. Chemical composition of water of Lake Onuma
group (Onuma, Konuma and Junsainuma) was
studied in 1973-1976. And the secular change of
the chemical composition of water was discussed.
2. Transparency, COD value, the concentration of
nitrogen ammonia and phosphate of Lake Onuma
and Lake Konuma in 1973-1976 were little differ-
ent from the status before 1971.

3. The concentration of the sulfate and calcium
of Lake Konuma had been as same as those of
Lake Onuma in 1976.

4. Chemical composition of water of Lake Junsainuma

in 1975 was little different from that in 1971.
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Chemical composition of water of Lake Akan and
its affluents in 1972-1976.

Appendix: all published data on the chemical
composition of water of Lake Akan and its
affluents before 1971.

Kiyoshi Yoshizumi, Tomiko Ito, Kazushi Imada,

Teruhiko Awakura and Mami Okamoto

1. Chemical composition of water of Lake Akan
and its affluents was studied in 1972-1976 (Table
2). And the secular change of the chemical com-
position of the lake water in 1927-1976 was dis-
cussed (Table 1, Fig. 5).

2. There was little difference on the chemical
composition of the surface water at different
sampling stations. But the concentration of nitro-
gen ammonia and phosphate of bottom water
was a little higher than those of surface water in
many sampling times.

3. Transparency, COD, chloride and sulfate
largely fluctuated every sampling times even in
same year (Fig. 4). In the sampling times with
large transparency, COD value was low and
chloride was high. The seasonal changes of the
transparency, COD and chloride were not clear in
Fig. 4.

4, COD, nitrogen ammonia and phosphate have
increased and transparency has lowered since
1960 (Fig. 5). Eutrophication of the lake water
has progressed. Chloride, sulfate and residue of

soluble substances have decreased since 1927.
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(Note) On the action of male’s anal fin of long
finned smelt, Sprinchus lanceolatus (HIKITA), in
spawning behavior.

Hoji Okada, Satoshi Kudo and Kazuaki Hayashi

%325 (1977)
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The fine structure of Glugea takedai AWAKURA,
1974. (Microsporida, Nosematidae)

Shinichi Miki and Teruhiko Awakura

Life cycle of Glugea takedai occurring in the
trunk muscle of an experimentally infected rain-

bow trout, Salmo gairdneri irideus and steelhead



trout, Salmo gairdneri gairdneri, were observed
by means of electron microscopy. Early to late
schizonts and sporogony from sporoblasts to
spores were observed in the infected part of mus-
cles. These parasites were found extracellurar
and surrounded by lysed muscle. The fine struc-
ture was basically similar to that of other
Microsporidia particularly to that of Nosema spe-
cies. In Glugea species, each sporont produces
two spores. We observed some cytoplasmic con-
nection existing between sporoblast and mature
spores. These cytoplasmic connection was, how-
ever, supposed to be artifact or malformation be-
cause of their asymmetrical shapes. Glugea
takedai was first reported as new species by
AWAKURA (1974) through the light microscopical
observations of cytoplasmic connection in sporoblast.
The present study, however, clearly showed that the
spores originated directly from sporont without any
division. This indicates that the present species

should be placed in the genus Nosema.
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Therapeutic effects of erythromycin and the sensitiv-
ity of four salmonid fishes to bacterial kidney
disease.

Hiroshi Kawamura, Teruhiko Awakura, Katsuhiko

Watanabe and Haruyoshi Matsumoto

It was confirmed that bacterial kidney disease
(BKD) occurred in a period from the winter, 1976 to
early spring 1977 in juvenile chinook salmon,
Oncorhynchus tschaw ytscka held at the Erimo and
the Chitose Branches of the Hokkaido Fish
Hatchery. Erythromycin was given to them at the
rate of 100 milligrams per kilogram of fish per day
during periods of 21 and 23 days in order to exam-

ine effects of the therapy. As a result the mortality

at the Chitose Branch was almost repressed. While
three salmonid fishes, chum salmon (Oncorhynchus
keta), masu salmon (O.masou), and steelhead trout
(Salmo gairdneri gairdneri), were kept together with
infected chinook salmon for 33 days, the incidence
of kidney disease lesion was 42.9% in chum salmon,
13.3% in chinook salmon, 9.1% in steelhead trout
and 0% in masu salmon at the end of the rearing.
Histopathological observations revealed that marked
hypertrophies of urethra epithelium and the connec-
tive tissue, and granulomous lesions occurred in the
kidney were also found in pyloric caeca and gut.
Hypertrophies of stratum compactum and muscularis.
Spleen was occupied with a large number of blood
cells at the most part but liver did not show any le-

sions to be seen.
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Changes of blood conditions by clinical test in
serum and nutritional compositions in fish mus-
cles of the deep bodied crucian carp Carassius
auratus caught in Lake Onuma in Hokkaido.
Toshiro Terao, Teruhiko Awakura, Hisashi

Tonosaki and Hoji Okada

Through spring to summer season of 1975 year,
a lot of the dead adult deepbodied crucian carp
were generally recognized in the waters of Lake
Onuma. In order to investigate reasons of these
died fish, we examined both of infection rate of
ulcer diseases and nutritional and healthy condi-
tions of the fish by clinical biochemical analysis
method in the blood and muscle on the period of
1975 to 1976 year. Inflectional rate of ulcer dis-
ease on the deepbodied crucian carp showed the
maximum value among the cyprinid fishes at July
15, 1976 year. This is identical to the
investigational results of Takahashi et. al., (1977)



in Tamagawa river. We recognized that the
physiological conditions of the fish showed the
best conditions at growing season and worst con-
dition from the seasonal changes of biochemical
compositions in muscle and blood of the fish in-
habited Lake Onuma. From the results described
above, we may conclude that the reason upon
high mortality of the fish in Lake Onuma are af-
fected remarkably by the physiological condi-

tions.

4, V7Rt Yy Y UWICBIF D Aeromonas
salmonicida DOEIENT-—HEIN T 07T —¥
WS CbsELKEER L) (61—89)
Causative factor of aeromonas salmonicida in
salmonid furunclosis: extracellular protease.
Daiku K. Sakai

Sixty-seven strains of Aeromonas salmonicida,
which has been well-known pathogenic microor-
ganisms of furunclosis in salmonids, isolated
from furunclosis-contracting amago salmon
(Oncorhynchus rhodurus), masu salmon (Oncorhynchus
masou), rainbow trout (Salmo gairdneri), brook
trout (Salvelinus fontinalis), kokanee salmon
(Oncorhynchus nerka), Japanese char (Salvelinus
leucomaenis f.pluvius), chum salmon (Oncorhynchus
keta) and pink salmon (Oncorhynchus gorbuscha) in
1967-1976 were collected from the laboratories in
the various districts of Japan. All of them greatly
produced caseinolytic enzyme with plate culture
at 20°C. Since it was thought that protease
should be a primary causative factor of
A.salmonicida in the furuncle-developing process
from tissue necrosis to tissue collapse of
salmonid furunclosis, the interrelationship be-
tween extracellular protease of A.salmonicida and
salmonid furunlosis was studied in this paper. In
order to clarify the pathogenicity of extracelluluar
protease, protease production-deficient mutant
designated as NTG-1 was obtained from Aeromonas

salmonicida A-7301 by ethylenediaminetetraacetic acid

(EDTA, 1 mM) — N-methyl-N’-nitro-N-nitrosoguanidine
(NTG, 100 mcg per ml) treatment. In the com-
parison of important characters and serological
aspect, the features of NTG-1 coincided with
those of A-7301 except protease production.
Therefore, NTG-1 was confirmed to be a protease
production-deficient mutant from A-7301. NTG-1
had markedly stable mutational character without
back mutation after transferring and passing
through live kokanee. A.salmonicida A-7301 pro-
duced protease with plate culture, static liquid
culture and shaking culture at 20°C and initiated
the protease secretion in the mid-logarithmic
growth phase, however NTG-1 did not produce it
with those cultures. The protease of A-7301 indi-
cated the optimal activity in pH 9.6 and retained
approximate 70% in pH 7.4 in comparison with
that activity. The protease secretion was re-
pressed by adding 5-10 mM glucose though glu-
cose of the concentrations extremely accelerated
the growth of A-7301 and NTG-1. Higher re-
sponse on the protease production and growth
was observed in casamino acids (2g/L)-peptone
(2g/L) medium rather than in the either casamino
acids or peptone. A-7301 was able to grow in the
presence of the low concentrations (0.1-0.5g/L) of
casamino acids as a sole carbon and nitrogen
sources, while it could not produced protease
without regard to the supplement of casein as a
additional nutrient to those amino acid media. It
suggested that A-7301 indispensably needs a
definite amount of amino acid (>0.5g/L) for
rotease biosynthesis. When A-7301 bacterial cells
buried with nutrient agar were placed on the
confluent monolayer cell culture of RTG-2 which
had been established as a cell line, the cell sheet
was completely collapsed and dissolved by prote-
ase in the minimum essential medium for tissue
culture (MEM) containing 10% fetal bovine se-
rum without antibiotics at 20°C. NTG-1, however,
did not exhibit this function because of lacking

the protease secretion. In the pathogenicity on



one-year kokanee, A-7301 revealed extremely
strong pathogenicity but not NTG-1 with the
intraperitoneal (i. p.) injection, and then the
inoculum was reisolated from dead fish kidney in
the case of A-7301 but NTG-1 could not be done
from live fish. The i. p. inoculations of A-7301
cells collapsed with the French Press and the
collapsed cells suspended with cell-free culture
fluid as a protease solution did not demonstrate
pathogenicity. In the intramuscular (i. m.) injec-
tion, the protease solution, however, caused
furuncle formation in the skin of the injection
site without death. The furuncle changed into the
hollow of the skin after successive breeding dur-
ing three weeks, and after six weeks this symp-
tom restored to normalcy. It seems to be the
patho-histological process of cicatrization. Based
on the findings, the author insists that the attack
of furunclosis needs the growth and the protease
production of A.salmonicida in vivo, and that the
secreted extracellular protease should be the pri-

mary causative agent of furunclosis in salmonids.

5335 (1978)
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Benthic macroinvertebrates and bottom sediments
in Lake Onuma group (Onuma, Konuma and
Junsainuma), Hokkaido, Japan

Tomiko Ito

1. Benthic fauna in Lake Onuma group (Onuma,
Konuma and Junsainuma) was investigated in
1974-1975. The fauna was mainly consisted from
Tubificidae and Chironomidae.

2. Monthly survey on the number and biomass of
benthos was carried out in central portion and
littoral portion of Lake Onuma in 1976-1977.

3. Branchiura sowerbyi inhabited only in littoral

sampling station. Tubifex hattai and Procladius

sp. F were more abundant in the littoral sam-
pling station than in the central sampling sta-
tion. Numbers of Limnodrilus spp. and Chironomus
plumosus in littoral sampling station were little
different from those in central station.

4. Two generation in a year were detected in
C.plumosus based on the seasonal change of lar-
val density and biomass and monthly distribution
of body lengths of larvae.

5. It was also presumed that Procladius sp. F
had bivoltine life cycle based on the seasonal
change of larval density and biomass.

6. Survival rates of C.plumosus and Procladius
sp. F in winter ware very high.

7. Organic substances of bottom sediments of

Lake Onuma group were analyzed.

2, BRA D3 A OAEBINR & LERHERIZOWT
SRR (eimENIKERALY) (21—26)
Nutritional constituents in muscle and biochemi-
cal components in blood of carp, Cyprinus carpio,
in the winter season.

Toshiro Terao

During the winter season, it is necessary to
support these carp on the healthy condition re-
tained at the culture pond. My aim is to judge
the healthy condition of the carp throughout its
winter season. Hence, useful methods of diagno-
sis of the physiological conditions of these carp
employed those analysis of biochemical and nu-
tritional in muscle and blood composition of carp
in winter season of 1976 year at Kamikawa dis-
trict, Hokkaido. The results of analysis of the
muscle and blood of adult carp were shown in
Table 2 and 3. Also, as a healthy physiological
conditions the fat factor and nutritional compo-
nents in muscle of fry fish was exhibited by
POLIAKOV (1957) and the inorganic and organic
constituents analysis of adult carp blood was re-
ported by FIELD, ELVEHJEM and JUDAY (1943).
When comparing the results by POLIAKOV and



FIELD, ELVEHJEM and JUDAY with those in
the author, the latter also be similar to the for-
mer. From the facts described above, the author
may confirm that adult carp in the environment
of the winter season have retained the healthy
physiological condition in the long period. As a
next research, we must investigate the physio-
logical conditions of adult carp at the end of

winter for reason of death of carp in the winter.
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Bait organisms, habit and seaward migration of
chum salmon fry during the liberated period in
the Utabetsu River.

Hiroshi Kawamura

In older to carry out an adequate liberation of
chum salmon fry in the eastern river system of
Hidaka coast, Hokkaido, bait organisms, habit
and seaward migration of the fry were investi-
gated in the Utabetsu River. Thawing flood in
spring in this river grew in early (early phase),
late April (excellent phase) and middle May (late
phase). Benthic animals in bottom area of 50X 50
cm (0.25m”) with rubbles and gravels, and drift-
ing organisms from two Surber nets of 25X25cm
wide set for an hour, respectively, in main and
side stream were collected in the Station 2, about
1.5km upstream from the estuary and about
2.5km downstream from the liberated point of
fry, from March 19 to May 24 in 1978. Benthic
fauna had closely relation to the thawing flood in
spring, especially in the early and excellent
phases of that. Plecoptera increased in number in
the early phase. Ephemeroptera and Trichoptera
appeared abundantly in the early and late
phases. Diptera were found plentifully in the
early and excellent phases. In Ephemeroptera,
Baetis sp. as swimming form, Epeorus latifolium

and Rhithrogena japonica as gliding form, and

Ephemerella trispina as creeping form were rec-
ognized in the early and late phases. Drifting or-
ganisms also influctuated in number along with
growing of the thawing flood. They became de-
creased in number just during the thawing flood,
while increased before or after that. Almost all
the drifting organisms were occupied by adults
of Diptera and aquatic insects. Baetis sp.,
Ephemerella trispina, Chironomidae and it's pu-
pae were found throughout the examined period.
Diptera and Collembola of terrestrial insect, and
Limnophilidae and Brachycentrus sp. of aquatic
insect appeared abundantly in the early and late
phases of thawing flood. From the rearing pond
in the Erimo Branch of Hokkaido Fish Hatchery
located in about 4km from the estuary, 2.2 mil-
lion chum salmon fry were released at a time on
May 23. Downstream moving of the released fry
was observed day after day by means of a water
glass from the liberated point to the estuary.
Growth and stomach contents of the fry as well
as drifting organisms collected at Station 1 near
by the liberated point, Station 2 and Station 3
near by the estuaty were determined first and 5th
day after release. Stomach contents of the fry
captured by cast nets in each of the stations
were almost similar to each of the constituents of
drifting organisms. The fry fed mainly emerging
larvae of aquatic insects, Ephemerella trispina,
Baetis sp., Limnophilidae and Chironomidae.
From the behavioral observations by means of a
water glass, it was concluded that main run of
2.2 million fry released at a time migrated into
the sea within 5 days and almost all the rest left
from the river by 9th day after liberation accord-
ing to a rainy flood. By 4th day after liberation,
the fry were found here and there in stream cur-
rent of about 30cm per a second. The smaller fry
tended to remain into the river longer than the

larger ones.
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Effects of tannic acid on aquatic fungi associated
with diseases of fish eggs.

Hiroshi Kojima

Malachite green has frequently used as a pro-
phylactic for fish eggs. However, this pigment
has become unbearable for environments, be-
cause colored drainage makes a change for the
worse of water quality as a pollutant. Though
some substitute for this pigment is desired, a
suitable substance has not been found as yet.
Some experiments, therefore, were attempted to
estimate the effect of tannic acid as a prophylac-
tic medicine on aquatic fungi, Saprolegnia diclina
HUMPHEY, isolated from diseased cherry
salmon (Oncorhynchus masou) fry. Mycelium of
S.diclina treated at 1 ppm tannic acid (pH 6.3)
for one hour at 15°C grew well as great as in the
non-treated condition (pH 6.6) on agar plate,
however, tannic acid completely inhibited the
mycelial growth at 1,000 ppm (pH 4.1). This in-
hibitory effect seemed to be caused with union-
ized tannic acid but not with low pH, because
mycelial growth was also inhibited with 1,000
ppm tannic acid solution adjusted to pH 7.0 with
50mM tris (hydroxymethyl) aminomethane-malic
acid. On the other hand, the median tolerance
limit (TLm) for tannic acid on the eyed eggs of
steelhead trout (Salmo gairdnerii) was approxi-
mately 170 g/l (170,000 ppm) and the water hard-
ened eggs of chum salmon (Oncorhynchus keta)
could sufficiently survive during repeated bathes
twice per week in 10 g/l (10,000 ppm) tannic acid
solution for one hour. From these results, it was
suggested that tannic acid as a prophylactic

medicine for fish eggs has evident utility value.

5, Aeromonas salmonicida subsp. salmonicida
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Colliquative activity of purified protease for

muscular tissue in Aeromonas salmonicida subsp.
salmonicida

Daiku K. Sakai

The ability of extracellular protease from
Aeromonas salmonicida subsp. salmonicida to de-
stroy the muscular tissue was studied. In the pre-
vious paper, the extracellular protease of the
culture fluid revealed the formation of swelling
lesions in kokanee salmon (Oncorhynchus nerka).
However, intracellular substances did not show
the ability. Protease-deficient mutant NTG-1
which was derived from a virulent strain A-7301
by chemical mutagen converted virulency into an
avirulent strain. The protease of the virulent
strain showed the degrading effects on monolayer
cell culture. In the present paper, the further in-
vestigation on the pathogenicity of the
extracellular protease was performed, using the
strains of A-7301 and NTG-1. When the viable
cells of A-7301 were injected to kokanee salmon,
the external swelling of the injected site in the
epidermis was observed. High count (10°-107/g) of
the injected bacterial cells and high protease ac-
tivity (60-70units/g) were also observed in the
liquefactive materials of the swelling lesion after
breeding for 5-6 days at 15°C. The degree of the
external swelling correlated with the size of the
cell count and the activity of protease. A-7301
grew well with shaking at 15°C, 20°C and 25°C
and the optimal growth was observed at 20°C.
Protease was produced at 15°C and 20°C, how-
ever, at 25°C the enzyme was not secreted by A-
7301. To investigate the effects of the culture
fluid owning protease on kokanee salmon, the
culture fluids of A-7301 at 20°C and at 25°C were
injected. The former fluid had the ability to swell
but not did the latter. Inactivated culture fluid at
20°C which was heated at 60°C for 1 hour did not
form the swelling lesion. The culture fluid of
NTG-1 also indicated the same negative effect.

Based on the facts, the purification of protease



was performed with DEAE-cellulose column chro-
matography (1.6 X 25cm). Acetone-precipitates
from the culture fluid of A-7301 were eluted with
phosphate buffer solution. Three peaks of protein
(F-1, F-II and F-III) were fractionated and prote-
ase activity appeared in F-II. After injecting the
eluted F-I, F-II and F-III into the muscle of live
kokanee salmon, the half number of F-II (2.7-7.0
protease units/g fish weight)-injected fish was
mortal, of which the fish showed violent swelling,
softening and hemorrhage in the injection site
and also demonstrated hemorrhage in the anal
fin within 2 days at 15°C. From the results the le-
thal effect of the protease fraction was pointed
out. F-I and F-III, however, had no functions.
Using protease (F-II)-inoculated kokanee salmon
which was raised at 15°C for 1 day after inject-
ing, the patho-histological changes of muscular
tissue in the swelling lesion were investigated
with paraffin sections stained by hematoxylin-
eosin. The disappearance of myofibrils, the frag-
mentation of muscle fibers and the hemorrhage
of whole muscular tissue were observed in the
sections of swelling lesion. The colliquative ne-
crosis of musculation occurred in the serious le-
sion. The changes suggested the function of the
injected protease. To determine the proteolytic
activity of F-II for kidney, liver and spleen, ho-
mogenized organs were employed. F-II markedly
demonstrated lytic functions not only homoge-
nized muscle but kidney, liver and spleen, respec-
tively. From the findings, a virulence factor of
A.salmonicida subsp. salmonicidea in salmonid
furunculosis is considered to be an extracellular

protease produced by this organisms.
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Studies on the vertebral malformation of fishes
IV. Histological observation on the repair of frac-

tured goldfish (Carassius auratus) exposed to

NAC.

Kazushi Imada

The repair process of fractured centrum was
Goldfish
auratus) were exposed to NAC (1-Naphthyl N-

observed histologically. (Carassius
methylcarbamate) 10 ppm four hours to obtain
the fractured specimens, and then these treated
fish were kept in the well water. At 1, 2, 7, 14, 21
and 28 days, the fish were killed for the
histological observation. At 1 and 2 days, the
fracture and the luxation of centrums occurred in
the caudal vertebrae, and the histological fea-
tures of these injuries showed hemorrhage, de-
generation of muscle and fluxion of notochord.
At 7 days, hyperplasia of fibroblasts structured
the granulation tissue. Neoplastic capillary, and
osteoblasts surrounded with poor collagen fibers
were observed in this tissue. At 14 days, the car-
tilage cells which were large regularly round
were distinguished in this granulation tissue.
These cartilage cells were located adjacent to the
fractured centrum. At 21 and 28 days, it was ob-
served that the fibroblasts were surrounded with
rich collagen fibers and the cartilage cells were
dominant in the granulation tissue. The fibrous
cartilage bone which was situated adjoining to
the fractured centrum was also observed in this
tissue. Quantity of the fibrous cartilage bone may
gradually increase with rearing time. However,
completely repaired feature of, the fractured
centrum could not been observed about four

weeks rearing after the treatment.
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Chemical stimulus on the reproductive behavior
of the pond smelt.

Houji Okada, Daiku K. Sakai and Kei-ichi

Sugiwaka



This study was carried out to examine the
chemical stimuli to induce the reproductive be-
havior of the pond smelt, Hypomesus olidus. The
reproductive behavior of the pond smelt in an
aquarium was summarized as shown in Fig. 5.
The response of male’s courtship behavior to the
chemical stimuli was used as a bioassay of the
substances obtained from mature fish. Chemical
nature of the effective substance was also exam-
ined. The results obtained were summarized as
follows.

1 The substances obtained from mature fish as
chemical stimuli were; a) squeezed genital cavity
fluid (Fe I), b) supernatant of homogenized egg
(Fe II), ¢) incised genital cavity fluid (Fe III), d)
supernatant of homogenized kidney (Kidney), and
e) supernatant of squeezed testis (Ma I). The
male’s courtship behavior could be elicited only
by genital cavity fluid and supernatant of
squeezed testis among these substances. Males
did not respond to homogenized kidneys and
eggs.

2 The mixture of genital cavity fluid and the
supernatant of testis was chromatographed on
DEAE-cellulose column (1.6 X25cm) with a linear
gradient concentration of KCI solution. The ultra-
violet absorption at 280nm was observed with the
eluted fraction. Only the first peak (FP)) elicited
the male’s courtship behavior and the other frac-
tions were not effective.

3 FP:, was reduced the activity after the treat-
ment of heat (80°C, 5 min) or trypsin (trypsin 2
mg/ml-FP;, 30°C, 60 min).

4 It was suggested that the chemical substance
to stimulate the reproductive behavior detected in
the genital cavity fluid, was protein or substance
including protein in it’s structure. It was also
suggested that the genital cavity fluid acts as
chemical information in the reproductive behavior

of the pondsmelt.
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Studies on Henneguya spp. (Protozoa: Myxosporidia)
parasitic in gobiid fishes.

Teruhiko Awakura and Hisashi Tonosaki

The present authors studied the host-parasite
relationship between the myxosporidia and gobiid
fishes from April of 1977 to November of 1978 in
Lake Barato of Hokkaido. The results obtained
from this study are summarized as follows:

1. Two species of myxosoridia belonging to genus
Henneguya were found from the four species of
gobiid fishes, Rhodonichthys laevis, Chaenogobius
castanea, C.annularis and Aboma lactipes sam-
pled from Lake Barato.

2. The cyst of Henneguya sp. A was observed in
the dermis of R.laevis and A.lactipes. The cyst of
Henneguya sp. B was observed in the ovary of
R.laevis, C.castanea and A.lactipes and in the
kidney of R.laevis, C.annularis and A.lactipes.

3. Infestation rate of Henneguya sp. A in the
dermis of R.laevis was high in spring seasons,
but increased during the spowning season of the
host fish. The cysts were mostly destroyed and
the spores discharged from the host at the end
of the spowning season.

4. The cysts of Henneguya sp. A were found to
contain numerous Henneguya spores after 13
days when host fish were reared at 20 to 23°C
and they were mostly destroyed and discharged
after 20 days, but not changed after 20 days
when host fish were reared at 6.0 to 10.3°C.

5. It seems that Henneguya sp. B infected in the
ovary of R.laevis are discharged through the
genital pore of host fish with mature eggs at
spowning season. However, it was not observed
that the spores of Henneguya sp. B infected in
the kidney of R.laevis were discharged from host
fish. The infestation rate of Henneguya sp. B in

the kidney of C.annularis showed that the



parasitism of this species in the kidney was very

harmful to the host fish.

5345 (1979)
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Invasive routes of Aeromonas salmonicida subsp.
Salmonicida.

Daiku K. Sakai

Invasive routes of Aeromonas salmonicida
subsp. salmonicida, the pathogen of salmon
furunculosis, were discussed by several inocula-
tion tests, using the yearling of masu salmon
(Oncorhynchus masou). The mortalities of the
fish through intraperitoneal and intramuscular
injections (10°viable cells/fish) were 100% — When
the fish were bathed with the bacterial cell-
suspension (10°/ml) for 30 min, the normal (un-
hurt) fish completely survived. However, the
mortalities of fish injured by cutting the caudal
fin and the dorsal fin were 80% and 60%, re-
spectively. To investigate an invasion via the
stomach or via the intestine, the cell-suspension
(10%fish) was inoculated into the stomach or the
intestine through fine polyethylene tubes inserted
from the mouth or the anus. The mortalities
through the inoculations via the stomach and via
the intestine were 50%and 10%, respectively.
These results suggest the following points: first,
A.salmonicida subsp. salmonicida does not cause
an invasion through the unhurt gills or the un-
hurt epidermis, but this pathogen invades into
the fish through the injury of the fin; second,
there is an apparent infection via the stomach,
but an infection via the intestine demonstrates
only a low mortality. Hence, there are two inva-
sive routes in A.salmonicida subsp. salmonicida:

a percutaneous infection through the epidermal

injury and an infection through the digestive ca-

nal.
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The growth, individual density and standing crop
of juvenile masu salmon in the Atsuta River,
Hokkaido.

Hiroshi Kojima and Kei-ichi Sugiwaka

The growth, individual density and standing
crop of juvenile masu salmon (Oncorhynchus
masou) caught with casting nets, in order to pro-
mote the propagation of fish resources, were ex-
amined at three stations (pools) in the Atsuta
River, Hokkaido, from July to October, 1978. The
juveniles grew almost straightly from 6.5 to 10.1
cm in fork length during three months from July
to October. The greater part of the fish popula-
tion was occupied by fish of 6-7 cm in fork
length in July, 8-9 cm in September, and two
groups of 9-10 and 11-12 cm in October. It was
considered that phase differentiation of the juve-
niles appeared in October. The individual density
of juveniles, determined by marking method and
removal method, changed scarcely (0.46-0.53/m’).
The standing crop of juveniles increased almost
straightly and reached the maximum of 5.80 g
(w.w.)/m* in October, showing the rise of 3.87 g
(w.w.)/m’* during 85 days. From these results, it is
considered that the Atsuta River has the capabil-
ity to produce enough feed to maintain greater
amounts of juvenile masu salmon than those in

now.
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Distribution, movement and age constitution of

the common freshwater sculpin (Cottus pollux



GUNTHER) in the salmon propagation river.

Hiroshi Kawamura

The author had already described, in the pre-
ceding paper (KAWAMURA, 1978), on the bait
organisms, the habit and seaward migration of
chum salmon (Oncorhynchus keta) fry in the
Utabetsu River where was a small river in the
eastern Hidaka coast, Hokkaido. In downstream
area of the river, common freshwater sculpin
(Cottus pollux) has been watched out as a fry
eater. Therefore, in order to estimate a predation
of the chum salmon fry by the fish, distribution,
movement and age constitution of the sculpin
were studied ecologically in the Utabetsu River
from late April to late May, 1979. The sculpins,
369 fish in total, were captured with cast nets,
marked and released at five riffles and a shallow
pool in downstream area of the river. Among the
marked sculpins, 50 fish in total were recaptured
from 12 to 25 days after liberation, remaining
78.3% of them in the releasing points, moving
15.2% upstream and 6.5% downstream. The ma-
ture fish have a tendency to remain in the same
place, or to move downstream from that. On the
other hand, there is a tendency for the spent fish
to move upstream and for the immature ones to
ran up- and downstream. These movements
seemed to depend on a bed condition of river, a
process of thawing flood, a bait organisms and
an aggressive behavior for protecting spawned
eggs by the mature male fish. Distribution den-
sity of the sculpins (number of fish/m®) indicated
almost constant values, 0.23 near by the estuary
and 0.1 about 1.5 km upstream from it. The
freshwater sculpin in downstream area of the
Utabetsu River was estimated at 1,430 fish in to-
tal. By means of frequency distribution of the
body length (CASSIE, 1945), the sculpins were
divided into five year classes. The male sculpin
was larger than the female in every year class.

The sculpins in downstream area of the Utabetsu

River are ecologically of a small-egg type, which

live into the sea at early stage of the life cycle.
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Studies on the smolt of juvenile masu salmon
(Oncorhynchus masou) in the Atsuta River. Age
and ecology of smolts in 1978.

Kei-ichi Sugiwaka and Hiroshi Kojima

The ecological investigations on the sea-run
form (smolt) of juvenile Masu salmon were car-
ried out in the Atsuta River in mid-April and
mid-May of 1978, and remarkable findings on the
age of smolt were procured. The method of age
determination in this study was as follows: in
number of ridges from central plate on scales,
the most outside ridge of annulus ranging be-
tween 5 and 9 was regarded as the simulate an-
nulus, while ranges from 10 to 18 and 20 to 27
were regarded as the actual first and second an-
nulus, respectively. According to the literatures, it
has been described that the greater part of smolt
of juvenile Masu salmon observed in the rivers
and the coast of the North Japan were 1-year-old
(22) but 2-year-old (3;) smolt occupied only 2 or 3
per cent in the frequency. But in the Atsuta
River, the frequency of 2-year-old smolt was
markedly high (41.3 per cent). The numerical dif-
ference of the frequency of 2-year-old smolt in
this study and in the other reports can not be
explained clearly at present. Some reasons for
this difference, however, were considered: 1) se-
lectivity to fish of sampling method (angling), 2)
difference of the age determination method, 3)
difference of locality. Several 1l-year-old small
parr which commenced neither phase differentia-
tion nor smolt transformation were found, and it
is considered that these small parr will differenti-

ate into 2-year-old smolt or stream resident parr



by next spring. The 2-year-old smolt examined
exhibited characteristics suggesting a high de-
gree of inferior growth during the period of one
year after hatching. Hence, if the emergence of 2-
year-old smolt depends on inferiority of growth,
it is supposed that its frequency may fluctuate
yearly, because it must be influenced by the envi-
ronment of the river, especially, the amount of
feed, the number of anadromous adults, and the

individual density of parr in the river.
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Histological observation on the deformed pond
smelt, Hypomesus olidus, collected in Hokkaido.

Kazushi Imada

Deformed fish, Hypomesus olidus, collected
from Barato River one of the branches of Ishikari
River in Hokkaido, were observed with morpho-
logical and histological methods. One of the
specimens was lordosis and kyposis and X-ray
photograph of this fish showed the sigmoid ver-
tebrae. Another two specimens, shortened bodies,
were heavy coalescence of their vertebrae.
Histological features of sigmoid fish showed the
normal centrums in abdominal vertebrae, but in
caudal part some centrums were deformed and
were hypertrophic at the outward of curvature.
Coalescented centrums of shortened fish changed
their original forms, hourglass-shape, and the fi-
brous sheath were not regularly. At the conjunc-
tive part of centrums, the fibroblasts and
cartilage cells were hyperplasic and cartilage

bone appeared surrounding these cartilage cells.
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First occurrence of aburahaya, Phoxinus lagowski f.

steindachneri, in Hokkaido

Hiroshi Kojima and Toyohiko Hikita

On June 30, 1979, a male specimen of
Aburahaya, Phoxinus lagowski f. steindachnert,
was collected for the first time from the Atsuta
River in the western Hokkaido. It is suggested
that the Aburahaya was ten years or more since
carried incidentally with Ayu, Plecoglossus
altivelis, which was transplanted from the Biwa
Lake to the Atsuta River. The present paper
gives data on the new distribution of this species

in Japan.

%355 (1980)
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Dissolved oxygen condition of Lake Akan

Toshizo Yonekawa and Hiloshi Kawamula

Seasonal changes in the vertical distribution of
dissolved oxygen (DO) were observed in Lake
Akan from June to November, 1979. The good
correlation was found between the vertical distri-
bution of DO and that of water temperature in
the lake. In June, DO distributed uniformly from
the surface to the bottom, but from August, the
oxygen concentration at deep layer (under 10-15
m depth) decreased rapidly with time, and be-
came absent under the thermocline from
September to October. In November, the stagna-
tion of water temperature disappeared, and DO
distributed uniformly again. The results of the
detailed literature review, it has been observed
since 1959 that DO at deep layer became absent

from September to October.
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Long-term change of benthic macroinvertebrates
and high contents of organic matters of bottom
sediments in Lake Akan, Hokkaido, Japan

Tomiko Ito and Tsutomu Uno

The benthic fauna of Lake Akan, Hokkaido,
Japan, had violently changed in last forty years.
Profundal fauna was composed of the chironomids,
as Chironomus plumosus, tubificids, Chaoborus,
vivalves and gastropods in nineteen-thirties. And
in the present date, it was simply composed of
the chironomids, as C.plumosus, and tubificids;
the benthic animals were abundant in the zone of
10-20 m of water depths and they were very
scarce in 20-36 m. It was presumed that the
eutrophication of the lake may be the main cause
of the change. The contents of organic matters of
the bottom sediments in the lake were very high
in comparison with other eutrophic lakes in
Japan. The mean values on the profundal zone
were; COD, 6.9%; ignition loss, 22%; organic car-

bon, 5.5%; and total nitrogen, 0.69%, respectively.
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Transparency, COD and several dissolved ions of
caldera Lake Shikotsu in 1973 to 1979.

Kazushi Imada, Tomiko Ito, Kiyoshi Yoshizumi,

Teruhiko Awakura and Toshizo Yonekawa

Transparency, COD, CI, SO:, Hardness, Ca",
Mg" and SiO. of Lake Shikotsu were examined
from June 1973 to November 1979. The investiga-
tions were four or seven times in a year, we dis-
cussed the distribution of the analitical values
and the difference of water quality between each

station of the lake. The largest reading of Secchi

disc transparency measured with fishing mask
was 38.5 m, the lowest was 4 m, and the mean
was approximately 20 m. Transparency in spring
was higher than in summer. Mean of COD was
about 0.57 mg per liter, and the concentration at
the central part of the lake were lower than that
at the shores (P=0.05), but seasonal changes
were unclear. The concentrations of SOi, Hardness
and Mg"~ were widely distributed and the annual
changes of these variables were irregularly fluc-
tuated. Ca", CI' and SiO. showed narrow distri-
butions and the seasonal or annual changes were
indistinct. The concentrations of silicate in the
surface water were lower than these in 20 m
layer during the summer stratification (P=0.05).
This phenomenon suggested that the silicate con-
sumption by phytoplankton in surface water was
larger than that in deep layer. The concentra-
tions of CI, SO: and Ca" at the shore station lo-
cated near the hot spring were higher than these

at the central part of the lake (P=0.05).
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Population size and net production of juvenile
masu salmon in the Atsuta River, Hokkaido

Hiroshi Kojima and Kei-ichi Sugiwaka

The growth, individual density and standing
crop of juvenile masu salmon (Oncorhynchus
masou) at pools in the Atsuta River, Hokkaido,
were revealed in the previous paper. The investi-
gation of 1978 was continued not only in the fur-
ther study of the growth, individual density and
standing crop of the juveniles, but also in the
study of production and population size of the
juveniles in the same river, from July to October,
1979. The patterns of the growth and change in
the standing crop of the juveniles in pools were
almost the same as those described in the previ-

ous paper. Namely, the juveniles grew almost



straightly from 6.2 to 9.7 cm in fork length, from
2.8 to 104 g in body weight (wt. w.) and the
standing crop of the juveniles increased almost
linearly from 1.35 to 4.74 g/m* during the 87 days
from July to October. However, upon investiga-
tion of growth rates and relative growth rates in
body weight, a slowdown of growth between
August and September became obvious. The
change in frequency distribution of the fork
length of juveniles also was similar to that of
last year. Phase differentiation of the juveniles
appeared in October. The individual density of
juveniles in bools decreased gradually from 0.49
to 0.45/m* during the three month period. In rif-
fles, the individual density of juveniles in August
was 0.17/m*. Net production calculated from
biomass increment of standing crop and loss by
death in pools was similar between 1978 (from
the data of the previous paper) and 1979, averag-
ing about 3.8g/m’/3 months (July-Oct.). In addi-
tion to these, in order to estimate the population
size bf the juveniles, a few other investigations
were performed, i.e. the estimation of the density
rate within three reaches and the measurement of
the areas of the three reaches. From these re-
sults, it was estimated that the population size of
the juveniles in August in the Atsuta River was

approximately 160.000 fish.
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Studies on the smolt of juvenile masu salmon
(Oncorhynchus masou) in the Atsuta River. II.
Age and ecology of smolts in 1979.

Kei-ichi Sugiwaka and Hiroshi Kojima

The present authors reported previously that
the frequency of 2-year-old smolt was high
(41.3%) in the Atsuta River in 1978. Further in-

vestigation was performed in the same river from

mid-April to mid-June of 1979 and the appear-
ance of 2-year-old smolt unexpectedly reduced to
only 8.0% in the frequency. The relative growth
merits whose items reflect on the density of parr
were presumed to be one of the major factors for
the annual fluctuations. The distribution of the
smolts in mid-April was characteristic, that is,
many smolts were ubiquitously observed in the
tributary, while a small number of smolts form-
ing a small school were maldistributed in the
main stream. Reversely, in May, there was many
smolts in the main stream but few in the tribu-
tary. This movement of smolts suggested the
hibernant migration in the preceding year. The
peak of smolt seaward migration was observed in
mid-May of the preceding year, however the peak
of this year was supposed to be early May. The
shift of the peak may depend on the yearly envi-
ronmental changes of the river, for example, wa-
ter temperature, water quantity etc. The alternate
changes in sex ratio during the course of each
smolt run were also observed. The rate of male
smolt increased gradually with the passage of
the migration period. It suggests that this phe-
nomenon is due to the differential courses of the
phase differentiation and smolt transformation in

situ between female and male in Autumn.
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Predation of chum salmon fry by common fresh-
water sculpins (Cottus pollux GUNTHER) in the
salmon propagation river.

Hiroshi Kawamura

Predation of chum salmon (Oncorhynchus keta)
fry liberated from Erimo Branch of the Hokkaido
Fish Hatchery by common freshwater sculpins
was studied ecologically in downstream area of
the Utabetsu River, eastern Hidaka coast of

Hokkaido, during the periods of seaward



migration from 1978 to 1980. Breeding season of
the sculpins, from late April to early June, corre-
sponded with seaward migration period of the
liberated chum salmon fry. The sculpins, 764 fish
in total, were captured with cast nets during the
periods of one to five days after the chum
salmon fry were liberated through 1978 to 1980.
Among the collected sculpins, 240 fish in total
(31.4%) ate more or less chum salmon fry.
Percentages as predator on chum salmon fry in
the sculpins became 37.8% in 1978, 30.0% in 1979,
and 27.9% in 1980. The percentages differed by
both sexes as well as by their age. In female
fish, the values increased with advance of age,
while in male fish, they became highest in third
year class. Chum salmon fry, 529 fish in total,
were found from 220 predator on the fry in the
sculpins. The fry found into, the stomach were
various stage in digestive process. Average num-
ber of chum salmon fry eaten per a predator
were about 2.4 fish through 1978 to 1980, being
2.3 fish in 1978 and 1979, and 2.5 fish in 1980.
The average number in female (2.5 fish) was
larger than that in male (1.9 fish). The numbers
in female sculpin increased with advance of age
from 1.0 fish in first year class to 4.2 fish in fifth
year class, while in male became higher in third
(2.2 fish), or fifth year class (6.5 fish) than in
second and fourth vyear «classes (1.4 fish).
Stomach contents of both predator and not-
predator on chum salmon fry in the female
sculpins tended to decrease with advance of sex-
ual maturation, suggesting a decline in feeding
activity of mature fish during the breeding sea-
son. Similar tendency of the stomach contents
was recognized also in not-predator fish of the
male sculpins, but it was not found in the preda-

tor fish.
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Cultivation of Digramma alternans (RUD.) YAMAGUTI,
1934 in vitro.
Teruhiko AWAKURA

The plerocercoid of Digramma alternans
(RUD.) YAMAGUTI, 1934 were taken from in-
fected crucian carp (Carassius spp.) and cultured
in vitro by the method of SMYTH (1958). After
48 hours of cultivation of plerocercoid in horse
serum at 40°C, late spermatid morulae and the
formation of free spermatozoa were seen in the
testis, and the accumulation of large ovocytes
were observed in the ovary. After 72 hours of
cultivation, the spermatozoa were seen in large
masses in the seminal ducts, many ova appeared
in matured uteri and the fine granulation were
observed in most of the vitelline cells. Normal
eggs appeared in all culture flasks from 72 to 96
hours of culture. The eggs were taken from the
cultured fragments, varying from 0.058 to 0.078
mm in length and from 0.043 to 0.053 mm in
width. These sizes closely resembled the eggs of
D.interrupta (RUD. 1810) and D.nemachili DUBININA,
1957.
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Evaluation on the health of salmonid fishes by
determinating the spontaneous hemolysis activity
of sera

Daiku K. SAKAI

Native serum obtained from rainbow trout
(Salmo gairdneri) always demonstrates a highly
hemolytic function against washed goldfish
(Carassius auratus) red blood cells (GFRBC) but
not against rainbow trout red blood cells
(RTRBC), while the serum of goldfish indicated
a hemolytic activity against RTRBC but not
against GFRBC. These hemolytic functions have

no relation to immune hemolysis based on the



synergy with immunoglobulin and complement,
because both red blood cells scarcely contact one
another as an immunogenic in cultured and natu-
ral environments. Therefore, if this spontaneous
hemolytic serum activity mirrors the resisting
power of fish to the invasion of foreign sub-
stances and pathogens, it will be an easy tool for
evaluation on the situation of health. Based on
the MEYER’s method for the determination of
hemolytic complement activity, this hemolytic se-
rum activity was expressed as 50% hemolysis of
GFRBC. The original MEYER’s unit, however,
could not apply for this study, because GFRBC
contained approximately tenfold hemoglobin as
much as sheep red blood cells and this activity
did not detect at 37°C. Hence, the present author
modified the hemolysis unit for this purpose and
newly defined a spontaneous hemolytic serum
unit (SHs) as follows: 1 SHi unit is the serum
volume which lyses the 50% of 5X10° GFRBC or
RTRBC in 7.5 ml of reaction volume at 30°C. The
hemolytic serum activity of rainbow trout was
17.4 (mean) SHs; units against GFRBC and <2
SH; unit against RTRBC. This hemolysis against
GFRBC was present not only in the serum of
rainbow trout but also in the sera of steelhead
trout (Salmo gairdneri, 26.2 SHi units), coho
salmon (Oncorhynchus kisutch, 16.6 SHs units),
masu salmon (O.masou, 19.3 SH;, units), Japanese
huchen (Hucho perryi) (10.3 SHs units) and smelt
(Hypomesus transpacificus, 11.4 SHs units). The
serum of goldfish, however, did not function
against GFRBC (<2 SH: unit) and hemolysed
RTRBC (3.2 SHs units). This activity responded
to the delicate changes of physiological condi-
tions: it decreased to 10.3 SHs units against
GFRBC in the stage of smolt masu salmon and
lowered to 9.5 SHs units with starvation for 10
days in coho salmon. Representative pathogens
in salmonid fishes were also more effective to de
crease the hemolytic activity: Aeromonas salmonicida,

the causative agent of furunculosis, and Vibrio

anguillarum, the causative agent of vibriosis,
markedly reduced the activity with i.p. injection
into juvenile masu salmon and steelhead trout.
Especially in steelhead trout, the virulent strain
of A.salmonicida subsp. salmonicida gradually
lowered the SHi unit as furunculosis progressed
to the worse and finally shifted to 6.6 SH: units
in the moribund state, whereas the avirulent
strain scarcely indicated a function to lower. As
such results show, sera of fishes reacted on
heterologous red blood cells and hemolysed them,
though the sera hardly displayed the hemolytic
function against homologous red blood cells. This
hemolytic serum activity responded sharp to the
changes of physiological conditions and to the
progresses of infectious diseases. These findings
support the fact that SHs unit concerning the
spontaneous hemolysis activity of serum is re-
garded as a possible indicator for the state of

health in fishes.

5365 (1981)
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Morphological changes of fin on the sexual ma-
turity and role of the reproductive behavior of
the long-finned smelt, Spirinchus lanceolatus
(HIKITA).

Houji Okada, Satoshi Kudo and Kei-ichi

Sugiwaka

The present study was carried out to elucidate
the growth of the fin along with the sexual ma-
turity of the long-finned smelt. Growth of body
weight, body length and liver weight were also
investigated. Area of fin was measured and fin

index (F.I: area of fin/B.L°. X 10°) was employed



as an index to observe the morphological
changes of fins. The results obtained here were
summarized as follows.

1) Gonad of the long-finned smelt grew slowly on
August and September, but on October, ovary
and testis grew with rapidity and became close
to the maturity.

2) The paired fins, pectoral and ventral fin, grew
at a high speed on October and November. Their
fin index of male became greater than that of fe-
male at the maturity. These paired fins were rec-
ognized as a secondary sexual character.

3) The unpaired fins except anal fin, the F.L
growth rate were very low. On the dorsal fin and
adipose fin, their F.I. of male were similar to that
of female. Although there was a few significance
between male and female of caudal fin, morpho-
logical changes according to sexual maturity
were very few in other unpaired fins.

4) Male’s anal fin grew greater and greater as
well as female’s paired fin, and grew into the
biggest at the maturity. In females, the anal fin
grew slowly in the same way of other unpaired
fin. Difference between male and female in anal
fins was the most distinguishable and the anal
fin was the most definite secondary sexual char-
acter in all of the fins.

5) The relation between morphological changes of
fins and reproductive behavior was also dis-

cussed.
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Smolt run in the sea by tagging experiment of
pond-reared smolt of masu salmon (Oncorhynchus
masou).

Kei-ichi Sugiwaka, Hisao Tanaka, Noboru

Kasahara and Kouji Araya

Pond-reared smolts of masu salmon (Oncorhynchus

masou) 9,319 in the number were tagged on the
base of dorsal fin and they were released from
two rivers, which discharged into the Japan Sea,
located in the southwest area of Hokkaido.
Tagging experiment was performed in late-March
of 1980 to obtain information’s of the migration
of sea run smolts. Tagged smolts of 1l-year-old
were 22.6 cm in mean fork length and they were
fairly large-sized rather than that of wild smolts.
The tagged group would mature if rearing main-
tenance was proceeded up to September in 1980.
Tagged smolts released from the lower reaches of
the river (two places: 0.8 and 1.8 km from the
sea) immediately migrated to the seaward, while
seaward migration of a group released from up-
per stream (two places: 3.5 and 7.5 km) delayed
about 3 or 4 weeks. Tagged smolts of 136 were
recaptured in the coast of Hokkaido and Aomori
prefectures and in the offshore areas of the
Japan Sea. These recaptured locations suggested
their migration ways. Sea run smolts released
from the rivers divided the greater number of
them into three groups in migratory ways: the
first group passed through the Tsugaru Straight
and migrated toward east along the Pacific coast
of Hokkaido; the second group went up north
along the Japan Sea coast of Hokkaido and mi-
grated to the Okhotsk Sea; the third group also
showed northward movement but migrated in the
offshore of the Japan Sea, approximately 100 km
off the coast. These migration ways, on the
whole, accorded with the main direction of ocean
current and, moreover, depended upon the sea-
sonal changes of sea surface temperature. While,
the sea run smolts in earlier stage demonstrated
diverse movements with the influence of compli-
cated environmental factors. The growth of re-
leased smolts was extremely inferior to the wild
smolts in the sea environments. Moreover, some
tagged fish on the way of a return from the sea
were recaptured in other rivers with the exception

of the released rivers. These results suggest that



a great many of tagged fish return from the sea
and mature in the rivers within 1l-year-old as
contrasted with wild sea run group. Therefore,
the release of such large-sized smolts is appro-
priate to understand ecological know ledges of
smolt run, but a utilization of large pond-reared
smolts is unavailable for the production of masu

salmon resources in the sea.
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Transparency, COD and several dissolved ions of
Lake Akan in 1973 to 1980.

Kazushi Imada, Tomiko Ito, Kiyoshi Yoshizumil

and Toshizo Yonekawa

Lake Akan is one of the eutrophic lakes in
Hokkaido. We have investigated on water quality
for eight years from 1973 at intervals of three to
six times in a year. Statistical estimation of the
observations were discussed in this paper.
Histogram of each variable calculated from the
results of surface water, with the exception of
Chloride, fitted to the normal distribution. In
each variable, the seasonal or annual changes
were not observed and the tendency of these
changes were unclear. Transparency varied from
1.1 to 7.5m and the mean was 3.47m. The mean
of transparency at the central part of the lake
was higher than that of the other shore stations
(P=0.05 paired t-test). COD concentration were al-
most 2-4mg/l, and the mean was 2.64mg/l. The
mean at the shore station near urban area was
higher than that of the central part with the dif-
ference of 0.21+0.14mg/l (P=0.05). The means of
the other variables at the surface water Cl, SO;,
SiO., Hardness, Ca" and Mg" were 12.49, 30.19,
29.95, 75.65, 16.90 and 7.80mg/l, respectively. The

mean values of each variable at center of the

lake seems to be indicated the typical profiles of

the water quality of this lake.
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Cooperative opsonic functions of antibody and
serum complement in the phagocytosis of perito-
neal exudate cells drived from rainbow trout.

Daiku K. Sakai

Peritoneal exudate cells (PEC) were obtained
from juvenile rainbow trout stimulated by an
intraperitoneal injection of sterilized liquid paraf-
fin. PEC contained three kinds of white blood
cells after 3 days of the stimulation; i.e., small
lymphocytes of 44-50% and neutrophile-like and
macrophage-like cells of 42-50% in the occurring
rates, and also the rates of neutrophile-like cells-
to-macrophage-like cells were approximately 1: 1
under microscopic observations. When PEC were
incubated at 20°C for 2 hours with viable bacte-
rial cells of Aeromonas salmonicida subsp.
salmonicida, the causative microorganism of
salmonid furunculosis, PEC including the bacte-
ria could be scarcely discovered on the specimens
of rainbow trout unimmunized and immunized
with formalin-killed A.salmonida. The addition of
the heat-inactivated antiserum (heated at 44°C for
20 min: this condition for the heat inactivation of
rainbow trout complement had been demon-
strated by SAKAI), which contains the intact an-
tibody but lacks a serum complement activity, a
little improved the phagocytic functions of PEC
to the pathogen. The supplement of rainbow
trout complement as fresh normal serum, how-
ever, indicated an incapacity of improving the ef-
ficiency of the phagocytosis. The coexistence of
the antibody and complement markedly enhanced
the phagocytic activity of PEC. Almost all the
PEC belonging to neutrophile-like and macro-
considerable

phage-like cells included the



numbers of bacterial cells in the presence of the
antibody and complement. The presence of Fc
and C3b receptors in the phagocytic PEC of rain-
bow trout were suggested by the cooperative
opsonic functions of the antibody and comple-
ment as well as in neutrophiles and macrophages

of marines and humans.
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Studies on parasites of masu salmon Oncorhynchus
masou - 1. The parasitism of Tetraonchus (Monogenea)
on the gills of juveniles in fresh water.

Teruhiko Awakura, Hiroshi Kojima and Kei-ichi

Sugiwaka

The authors examined the parasitism of
Tetraonchus of the gills of juveniles masu salmon
in four natural rivers, two hatcheries and a fish
farm in Hokkaido, Japan. Tetraonchus awakurai
OGAWA & EGUSA, 1978 commonly parasited
the gills of juvenile masu salmon inhabiting
natural rivers. Prevalence and intensity of
T.awakurai was high in summer in 0% juveniles,
in winter and spring in the stream resident parr
of 17 or 2% juveniles and May and June in the
silvery parr and smolt of 17 or 2 juveniles in the
Atsuta River. They parasited fish which escaped
from rearing ponds and grew wild in reservoir,
but we could not find the parasite on the juve-
niles reared in the pond located downstream of
this reservoir. The parasitism of this parasite
was very rare in juveniles reared in hatcheries or

fish farms in Hokkaido.
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Studies on parasites of masu salmon Oncorhynchus
masou — II. The sporozoan parasites found in kid-
ney.

Teruhiko Awakura, Hiroshi Kojima and Kei-ichi

Sugiwaka

A total of 1327 juvenile, maturing or mature
masu salmon (Oncorhynchus masou) caught in
natural rivers, off shore and reared in fish ponds,
and a total of 377 mature chum salmon (O.keta),
mature pink salmon (O.gorbusha), pond-reared
coho salmon (O.kisutsh), pond-reared rainbow
trout (Salmo gairdneri) and juvenile white spot-
ted char (Salvelinus leucomaenis) were examined
for the sporozoan parasites found in the kidney.
Haplosporidia-like organisms which were re-
ported by KUBOTA and KAMADA, 1972 and
Myxidium sp. which is new record from salmonid
fish in Japan were found in the kidney of juve-
nile, maturing and mature fish of masu salmon.
Haplosporidia-like organisms were observed in
the glomerules and the renal tubules from small
juvenile to mature masu salmon at all season,
but Myxidium sp. in the renal tubules only at
summer season which water temperature in-
creased over 15°C. These sporozoan parasites
were found in white spotted char with high
prevalence and in rainbow trout with low preva-
lence, but not in coho and chum salmon. Another
species of Haplosporidia-like organisms and
Myxidium were found in the renal tubules and

ureters of pink salmon.
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Effects of rinse on the weight and length of juve-
nile masu salmon preserved in 10% formalin so-
lution of fresh water

Hiroshi Kojima



In general, fish samples preserved in 10%
formalin solution are mainly used for the meas-
urements of their body weight and fork length,
whereas they are rinsed with fresh water for a
long time to remove irritating smell of formalin
from the samples. The initial weight arid length
of samples are quite presumed to be changeable
in formalin and rinsing treatments. When the
samples preserved in 10% formalin were rinsed
with fresh water for various periods, the changes
of weight and length were measured, using juve-
nile masu salmon (Oncorhynchus masou) ranging
from 4.1 to 15.8 cm. When the juveniles were pre-
served in 10% formalin solution for 137 to 306
hours, the weight of all the samples increased at
rates of 7.2 to 12.3% and, on the contrary, the
length decreased at rates of 1.2 to 3.4%. The
weight of samples rinsed with fresh water tempo-
rarily increased to 110.6-114.0% and then it lost
weight at a decelerating rate, approaching 107-
109% of the initial weight up to 67-139 hours.
The length of samples rinsed were unchangeable
during the rinsing period. Significant differences
which depended on the size of fish could be
scarcely obtained throughout various rinsing ex-
periments. Based on the finding, it is concluded
that the weight and length of juvenile masu
salmon preserved in 10% formalin solution of
fresh water should be measured after the weight
equilibrated into steady states throughout the
rinsing treatment and that the initial values of
weight and length must be corrected by using

the changing rates determined by rinsed samples.

%375 (1982)
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Freshwater fishes in the eastern Hidaka coast
and Cape Erimo in Hokkaido, Japan.

Hiroshi Kawamura

Freshwater fishes lived in twelve rivers and
two lakes in the eastern Hidaka coast and Cape
Erimo in Hokkaido, Japan were investigated in
the period from 1976 to 1981. It was obvious that
they involved fourteen genera and eighteen spe-
cies which were composed of eight fishes of the
Siverian element, eight ones of the North Pacific
element and two ones of the Indo-China element.
Of these eighteen species, only four fishes,
siberian stone loach (Barbatula toni), sand lam-
prey (Lampetra mitsukurii), rosyface dace
(Tribolodon ezoe) and the large egg type of
wrinklehead sculpin (Cottus pollux) were primary
freshwater fish distributed in a state of nature.
They tended to distribute in the western region
except for the wrinklehead sculpin. On the other
hand, dolly vardens (Salvelinus malma) which
seemed to run up the river from the sea were col-
lected in the Nikanbetsu River and the Utabetsu
River, being a first report in this region. Two
ecological types of wrinklehead sculpin were in-
vestigated to clarify their distribution in a river.
Generally speaking, the large egg type of them
dwells in the upstream area and the small egg
type, which is amphidromous fish, lives in the
downstream area. However it was known that the
former also distributed in the downstream area
of the comparatively steep and small river. This
manuscript is a part of studies in relation to the

prey of salmon fry (Kawamura 1978, 1979, 1980).
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Tagging liveration of fry from adult chum
salmon captured in the eastern Hidaka coastal
sea— I. Returns of three- and four-year- old
adults in 1977 year class.

Hiroshi Kawamura, Katsuhiko Watanabe and



Mahito Miyamoto

Although the salmon propagation in Japan has
been enforcing by means of adult salmon cap-
tured into rivers, it has recently begun to make
use of silver or colored salmon migrated in the
coastal sea, which is called “Kaisan-Ran”. An
anal-fin-clipped chum salmon fry (Oncorhynchus
keta) of 105,935 fish in number from “Kaisan-Ran”
were released into the Utabetsu River in the
eastern Hidaka coast in Hokkaido on 23 May in
1978 in order to examine the effect of “Kaisan-
Ran” with relation to the salmon propagation.
Adults for the “Kaisan-Ran” were captured with
set nets in the coastal sea and held in the fresh-
water ponds at the Erimo Branch of Hokkaido
Fish Hatchery for about 13 days until the full
maturation. Return of 241 anal-fin-clipped adults,
in total, were found during the period from 26
October in 1980 to 26 December in 1981 in the
eastern Hidaka and Meguro coastal sea and riv-
ers. Adults of 3- and 4-yehr-old were 67 and 174
fish respectively. Timing of return into the
coastal sea and full maturation of the adults
clipped corresponded nearly with those of the pa-
rental fish, but the latter was prolonged till for
about 20 days. Adults of 110 fish were recaptured
in the sea from middle October to early
November. They were with silvery or only fine
nuptial coloration. Ratio of their fish showed
51.8% in total. Run of 4-year-old adults upstream
the Utabetsu River was earlier about two weeks
than that of 3-year-old fish. Only an adult en-
tered into another river. As a result of rearing of
the fin-clipped fry in the freshwater pond for two
years, regeneration of every fin clipped showed
0% in adipose fin, 19.7% in left ventral fin, 24%
in anal fin, and 245% in left pectral fin.
Accordingly, ratio of the recapture in total was

estimated at 0.3%.
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Studies on the sea water adaptation of pink
salmon (Oncorhynchus gorbuscha) in the early
stages.

Masao Honma

It is well known that the fry of pink salmon
migrate to sea shortly after hatching. However,
there is few information on changes in sea water
adaptability of pink salmon in the early stages.
This investigation was carried out to study the
relationship between sea water adaptability of
pink salmon in the early stages and their size or
time spent in fresh water. The eyed period eggs,
which were about 7 days before hatching, and
most of alevins were stenohaline. But, most of
fry, which were 60 days from hatching, were able
to live in pure sea water when they were trans-
ferred abruptly to it from fresh water. It has
been recognized that the gill of euryhaline teleost
might participate the osmoregulatory adaptation
during their seaward migration. In this investiga-
tion, a slight increase of Na“-K* - ATPase activ-
ity in the gills was observed in the pink salmon
fry adapted to sea water. This enzyme activity
increased up to the 7th day of sea water adapta-
tion, the value of 7th day was about 2 times
higher than that of fish adapted to fresh water.
A similar increase in the intestinal alkaline
phosphatase (ALK-Pase) activity was observed in
the pink salmon fry during the course of sea wa-
ter adaptation. This enzyme activity was higher
by 4.5 fold in sea water adapted fish for 7 days
than in fresh water adapted fish. The degree of
activation of gill Na™-K* - ATPase and intestinal
ALK-Pase by sea water adaptation was higher in
chum salmon fry than in pink salmon fry. This
data suggest that the sea water adaptability of
pink salmon fry is stronger than that of chum
salmon fry. All of feeding pink salmon fry
adapted well to sea water, whereas some of fast-

ing pink salmon fry failed to survive. Therefore,



to keep pink salmon fry in a hatchery healthy is
responsible for their smooth adaptation to sea

water.
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Haemolytic antibody response in mutants of
rainbow trout.

Daiku K. Sakai

The comparison of haemolytic complement ac-
tivity (CHs) and haemolytic antibody response to
goldfish red blood cells (GFRBC) was investi-
gated using vyearling rainbow trout Salmo
gairdneri of different genetic types, including
steelhead trout, a sea-run variety, albino rainbow
trout, obtained as a mutant from normally-
pigmented rainbow trout, and unspotted rainbow
trout (called “Horai masu” ), a mutant lacking
black-pigmented spots in the skin. The CHs ac-
tivity of serum complement against GFRBC sen-
sitized with rainbow trout antiGFRBC antibody
(inactivated by heating at 44°C for 20 min) was
assessed and consequently decreased in the
arithmetic mean *standard deviation (n=5) in or-
der of steelhead trout (43.4*1.8 units/ml), unspot-
ted rainbow trout (42.6+1.5), rainbow trout (33.3
*+16) and albino rainbow trout (28.5 % 1.4).
AntiGFRBC haemolysin was titrated 1 week after
intraperitoneal injection with GFRBC (10° cells).
No significant difference in the antibody produc-
tivity could be traced to each other in the trouts
(rainbow trout, 485=*185; steelhead trout, 516+23
4; albino rainbow trout, 404=+181; unspotted rain-
bow trout, 394+228), even though the dissimilar-
ity in CHs activity was clearly detected in such

different genetic types of rainbow trout.
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Studies on  parasites of masu salmon,
Oncorhynchus masou —II. Myxobolus (Protozoa:
Myxosporea) found in spinal cord.

Teruhiko Awakura, Hiroshi Kojima, Kei-ichi

Sugiwaka and Toshifumi Ogawa

During the years 1981 to 1982, a total of 1716
juvenile, immature and mature masu salmon,
Oncorhynchus masou caught in the Japan Sea
and Okhotsk Sea, rivers, hatcheries and fish
farms in Hokkaido and Honshu were examined
for spinal cord parasites. Two kinds of Myxobolus
were found in the spinal cord of the natural and
reared juvenile, immature and mature masu
salmon in sea, rivers, hatcheries and fish farms.
Provisionally, there were described and designated
as Myxobolus sp. A and B. The immature masu
salmon caught in Okhotsk Sea and Japan Sea
had spores of Myxobolus sp. A and B, but re-
turning adults in the rivers of Hokkaido and
Honshu had one of the species which has been
found in juveniles in each river. One of the well-
recognized aspects of the life history of salmon is
the tendency to return to spawn in their natal
stream, but this tendency did not prove true for
masu salmon in Japan. As a result, it can be
said that masu salmon has a marked homing

phenomenon.
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Studies on  parasites of masu salmon,
Oncorhynchus masou —IV. Loma sp. (Protozoa:
Microsporea) found in the Gills.

Teruhiko Awakura, Makoto Tanaka and Mamoru

Yoshimizu



A microsporidian parasites was found in the
gills of the masu salmon, Oncorhynchus masou,
which was similar to Loma sp. MORRISON and
SPRAGUE 1981 and Loma salmonae (PUTZ,
HOFFMAN and DUNBER 1965) MORRISON and
SPRAGUE 1981 by the light and electron micro-
scopically observations. Loma sp. was found only
in the gills of the masu salmon which were
reared in hatchery pond, escaped from rearing
pond and grew wild in the reservoir of this
hatchery from early June to October. We could
not find the parasite on the juvenile in four natu-

ral rivers in Hokkaido.

%385 (1983)
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Studies on the structure and function of the ali-
mentary tract of pink salmon (Oncorhynchus
gorbuscha) in the early stages.

Masao Honma

The characteristic features of the alimentary
tract of pink salmon from larval to juvenile
stages were examined histological and morpho-
logically to obtain information on the absorption
and digestion. The differentiation of the alimen-
tary tract can be categorized into four stages by
the appearance of the esophagus, stomach and
intestine. It is estimated that the tract is not
functional at the 1st stage (A type). The function
of absorption and digestion begins first at the
2nd stage (B type). This function is rapidly pro-
moted in the 3rd stage (C type) characterized by
the differentiation of the gastric glands and pylo-
ric caeca. At the period when pyloric cacea dif-
ferentiate, fishes are at the transitional stage
from larva to juvenile. At this time body forms

are regulated to approach basic forms of their

adults (D type).
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Changes of plasma ions and blood cells of chum
salmon (Oncorhynchus keta) in the course of
spawning migration particularly in relation to the
capture and hypoxic stresses

Hiroshi Kawamura and Masahide Kaeriyama

Plasma ions and hematocrit of chum salmon
(O.keta) returning for the spawn in the coastal
sea and rivers, Miyagi prefecture, Japan were in-
vestigated in the middle of December in 1982.
Hematocrit and carcium levels from the lots of
the Shizugawa Bay and the Okawa River were
significantly higher than those of the Mizushiri
River (P<0.05, P<0.01). Magnecium level from the
Shizugawa showed significantly far higher con-
centration than that of the Mizushiri (P<0.01)
however in the Okawa it was maintained at the
medium level between them (P<0.01). The concen-
tration of magnecium in the Shizugawa was not
so low as those in the Okawa and the Mizushiri
(P<0.05). It was known that ion levels of plasma
(carcium, magnecium and chloride) from the sea
group increased more and more following the or-
der sacrificed. On the other hand magnecium lev-
els decreased more and more according to the
advance of the sampling order in two river
groups. However carcium and chlorid levels did
not change due to the sampling order fish in
them. The high concentration of plasma ions
from the sea group were brought about probably
by the diuresis caused from the stresses of strug-
gle and hypoxia at the catch and the pre-
sampling treatment. Struggle and hypoxia caused
the swelling of erythrocytes. The Okawa reached
the largest size (P<0.01) but although being af-
fected by the stresses, the Shizugawa changed



into the smallest one. Because it seemed to be
caused by that blood sample had been held in
the polyethylene tube for about an hour until
smeared. In such a group it was often observed
that the neutrophils had shrunk and that the
erythrocytes involved some small vacuoles (0.5~
2.3 1) in the cytoplasm, which were seen in the
river groups too. The following corpuscles were
morphologically classified into six groups from
the smear preparation (May-Giemsa's stain);
erythrocyte, neutrophil, monocyte, lymphocyte,

thrombocyte and hemocyteblast.
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Studies on parasites of masu salmon Oncorhynchus
masou. — V. Eimeria truttae (Protozoa: Coccidia)
found in pyloric caeca.

Teruhiko Awakura, Hiroshi Kojima, Kei-ichi

Sugiwaka and Tetsuichi Nomura

A total of 861 juvenile, maturing or mature
masu salmon (Oncorhynchus masou) caught in
natural rivers, off shores and reared in fish
ponds were examined far the coccidian parasites
found in the pyloric caeca. Eimeria truttae
LEGER & HESSE, 1919 commonly parasited in
the epithelium of pyloric caeca of juvenile masu
salmon inhabiting natural rivers in Hokkaido,
Japan. The present discovery is a new host re-
cord and extends its known distribution to Japan.
The oocysts of E.truttae appeared in epithelium
and lumen of pyloric caeca of 0 juvenile masu
salmon and they were observed in 17 juvenile
also, but not observed in the maturing captured
in off shores, the mature returned to rivers and
in the juvenile reared in hatchery ponds. It can
be said that E.truttae is considered non-

pathogenic or well adapted to masu salmon by

the observation of host tissue reaction in the

pathological sections.
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Studies on parasites of masu salmon, Oncorhynchus
masou—VI. Hemiurid trematodes found in alimen-
tary tract.

Teruhiko Awakura and Tetsuichi Nomura

During the year 1980 to 1983, total of 612 im-
mature and mature masu salmon, Oncorhynchus
masou caught in the off shores of Japan Sea and
Okhotsk Sea, and the rivers in Hokkaido and
Honshu were examined for hemiurid trematodes
of alimentary tract. Four species of hemiurid,
Brachyphallus  crenatus,  Lecithaster — gibbosus,
Parahemiurus merus and Tubulovesicula lindbergi
were found in the alimentary tract of masu
salmon caught in the sea and the rivers. In the
immature mash salmon caught in the off shores
of Hokkaido, B.crenatus was most abundant and
P.merus was not found, but in off Miomate River,
P.merus was most abundant and B.crenatus was
found also. As a result, it is clear that P.merus not
distributed in the off shores of Hokkaido. In the
masu salmon caught in off Miomote River,
P.merus was very height incidence and B.renatus
was low incidence in the small size group (body
length 25-35cm), but in the large size group (body
length over 40cm), the incidence of P.merus was
low and the incidence of B.crenatus was height. As
a results, it can be said that in the masu salmon
caught in off Miomote River, the large size group
has long distance migration to northern area, and
the small size group migrated only in the costal
area of Honshu. In the mature masu salmon
caught in the rivers. hemiurds almost disappeared

from alimentary tract at spawning season after

about three months of rearing for maturation.
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The Japanese huchen, Hucho perryi (BREVOORT),
collected in blackish water Lake Akkeshi, eastern
Hokkaido, Japan.

Hiloshi Kawamula, Masahiro Mabuchi and

Toshizo Yonekawa

The period of fishing by fishermen, age and
growth and foods of the Japanese huchen, Hucho
perryt (BREVOORT), were investigated in black-
ish water Lake Akkeshi, eastern Hokkaido, Japan
during 1979-1981. The specimens were caught
from late in May to late in June every year in the
lake by fishermen, but no specimen was caught
in Akkeshi Bay. They were mainly 5" age. All of
female specimens were immature while all of
male were spent. It seems that these specimens
fed in the lake because the stomach contents of
them were almost fishes and crustaceans lived in
sea water or blackish water. Applying the
Bertalanffy’s equation for length increase, the
length Lt (mm) and the age ¢t relationship for the
Japanese huchen was represented by the follow-
ing equation without 1-yr: Lt = 870 (1-e"**0¥19)
Based on the situation of the fishing and the
growth pattern, the seaward migration of the
Japanese huchen in this lake and its tributaries

was discussed.
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Transparency, COD and several dissolved ions of
Lake Onuma in 1974 to 1980.

Kazushi Imada, Tomiko Ito, Kiyoshi Yoshizumi

and Teruhiko Awakura

Lake Onuma is one of the eutrophicated lakes
in Hokkaido. We have investigated on water
quality (Transparency, COD, Cl, SiO., Hardness,
Ca, Mg, SO.) for seven years from 1974 at inter-
vals of four to six times in a year. We analyzed
the seasonal and annual changes of these prop-
erties statistically. All of them except Chloride
ion of surface water presented the normal distri-
bution. COD and Ca showed the seasonal
change, but on the other variable, the seasonal or
annual changes were not observed and also ten-
dency of these changes not clear. The mean of
Transparency was 2.29m with the range from 1.0
to 3.6m. The mean value at the central part of
the lake was higher than that of other shore area
(P=0.05 paired t-test). COD concentrations were
almost 2-4mg/l and mean was 2.67mg/l. The mean
values of other variables at surface water, CI,
SiO., Hardness, Ca, Mg, and SO:. Were 11.56,
24.13, 65.56, 18.61, 4.42, 39.9mg/l, respectively. The
shore area showed lower concentration affected
by the influents. The mean values of each vari-
ables at center of the lake seems to be indicated
the typical profiles of the water quality of this
lake.
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Changes in the serum sodium concentration of
wild juvenile masu salmon.

Hiroshi Kojima

Although the serum sodium concentration of
salmonids is used as a parameter for seawater
adaptability, a problem-what causes the changes
in this concentration-remains unsolved. In this
study, changes in serum sodium concentration
were investigated using wild juvenile masu

salmon Oncorhynchus masou captured from a



stream. Fish blood, which was drawn from cau-
dal vessel, was placed in plastictube and was im-
mediately separated with serum-plasma separator
by a centrifuge (1,600Xg, 4°C, 20min). The serum
sodium concentration was determined with an
atomic absorption spectrophotometer. The con-
centration of masu salmon was unchangeable
within a day. There was no significant difference
in the serum sodium concentrations between
starved fish (25 days) and normal fish. However,
the concentration of fish which were acclimated
to the static water for a day showed a small sig-
nificant increase (5.2%). From August to
November, the serum sodium concentrations of
both 0-year-old and 1-year-old fish increased
with the fall of temperature. The fish in a middle
stage of smolt-transformation represented a tran-
sitory increase of the sodium concentration,
whereas the decreasing reduction was observed
by the fish of later stage. The serum sodium con-
centration of post-smolts was lower than that of
stream resident parr (7.7%for 1l-year-old and
54% 2-year-old). In late autumn, the serum so-
dium concentration of 0-year-old fish (largely sil-
very parr) inhabiting lower stream where they
moved in schools was found to be lower than
that of 0O-year-old fish (yellowish parr and dark
parr) inhabiting upper steam. The concentration
of l-year-old silvery parr was also lower than
that of stream resident parr. These findings indi-
cate that phase differentiation, season and age
are closely associated with the changes in the se-
rum sodium concentration of juvenile masu

salmon.
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The in vitro effects of various steroid hormones
and gonadotropin on oocyte maturation in masu
salmon, Oncorhynchus masou.

Kohei Yamauchi, Masatoshi Ban, Kaname Tsuda,

Noboru Kasahara and Takayuki Izumi

We have investigated the effects of various
steroid hormones and salmon gonadotropin on
germinal vesicle breakdown (GVBD) in oocytes
of the masu salmon, Oncorhynchus masou, during
in vitro incubation. Progestogens were the most
effective compounds in inducing GVBD. Of the
progestogens, 17 a, 20 B -dihydroxy-4-pregnen-3-o
ne (17a, 20 B -diOHprog) was clearly the most
active. Of the other steroid hormones tested,
deoxycorticosterone, to a lesser degree, cortisol
also showed some activity, but testostosterone
and estradiol-17 8 were without effect. We have
also found that partially purified chum salmon
gonadotropin (SGA) possesses considerable GVBD
activity, secondary only to 17 a, 20 B -diOHprog.
This indicates that ovarian follicle layers are ma-

jor site of gonadotropin action.
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On the biochemical components in blood of the
maturated rainbow smelt, Osmerus dentex mi-
grated at Monbetsu River, Hokkaido.

Toshiro Terao

Adult rainbow smelt, Osmerus dentex migrate
into river from pacific ocean in spring season,
Hokkaido. I recaptured this fish samples in
Monbetsu river at two times of period the
spawning season. I investigated the morphologi-
cal and physiological characters of this species
each sexual fish on the this fish samples. The
exact distinctions of the morphological characters
were showed body weights, body length/body
height rate, head length/eye diameter rate, fat

— 100 —



factor and gonad weight/body weight rate in the
period of the spawning season. The distinction of
meristic character were showed body weight,
ages, body length/head length rate and gonad
weight/body weight rate between female and
male, and another measured character of fish
were indistinguishable from measurements of ex-
ternal body parts. The physiological characters
investigated by results of clinical analysis of
blood components for each sexual fish in spawn-
ing season. Those female and male fish showed
conservation of healthy conditions by clinical
blood analysis in the period of the spawning sea-
son. The comparison of clinical blood compo-
nents between natural rainbow smelt and natural
salmon, cultured rainbow trout were carried out
on the many analysis articles. The strong relation
were observed the similarity of many blood com-
ponent between rainbow smelt and masu salmon.
Those results of clinical analysis of blood compo-
nent will be guess that these show the strong re-
lation of life cycle and nutritional condition in

rainbow smelt fish.

5395 (1984)
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Population dynamics of the pond-cultured juvenile
masu salmon, Oncorhynchus masou (BREVOORT),
released into the stream.

Mitsuhiro Nagata, Mahito Miyamoto and Hisashi

Tonosaki

The estimations of population dynamics and
production of 0-year-old pond-cultured juvenile
masu salmon, 85,000 fish in number, released into
the Utabetsu river of eastern Hidaka in

Hokkaido were carried out from May to October,

1983. From an analysis by making use of a prob-
ability graph paper method, 0* juveniles were di-
vided into three size group from June. In the
pools, the juveniles of small size group was supe-
rior in the frequency distribution, while in the
riffles, that of middle size group did so. molt
transformation of 0" juvenile masu salmon was
observed in large size group from June to July. In
July, smolts occupied 10% of the juveniles col-
lected by nets. Applying the von Bertalanffy’s
growth model, curves of three size groups were
represented by the following equations.
Small size: L,=10.72 (1-e"®*+026%
Middle size:L,=12.43 (1-e 001
Large size: L.=14.55 (1-¢*™¥0%1
where,
L.=fork length at time
(month)
The relationships between the dry or wet body
weight (Y) and the fork length (X) in the undif-
ferentiated parr, stream resident parr and smolt
were represented as exponential equations, Y=
aX", respectively. The result of covariance analy-
sis on regression constants (a=intercept, b=slop)
showed that the water content in body of 0* ju-
venile without smolt type decreased from
September. In both pools and riffles, the density
of fish decreased exponentially after released.
The survivorship using estimation of the density
were represented as follows: Pool: Nt=1.191e""™,
Riffle: Nt=0.984e-"""
The bio-economics of the bond-cultured juvenile
masu salmon released into the Utabetsu river
was made wusing estimates of average body
weight and average density in each size group.
In pools, the amounts of entering matters in the
0% juvenile expressed as body growth, gonad
growth and immigration, were estimated at 1,426,
5 and 17 mg dry weight/m*167 days, respectively.
On the other hand, the amounts of lost matters
in the juveniles were seaward migration, gametes

ejected and the sum of predation, emigration and
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fishing were 147, 4 and 1,721 mg dry weight/
m’ /167 days, respectively. Consequently, the
amounts of 424 mg dry weight/m* of the juvenile
in pools was deducted from that of released fish
during the period of 167 days from May to
October, 1983. Similarly, in riffles, the deducted
value was 338 mg dry weight/m’/167 days.
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Influence of individual density on smoltification
in wild juvenile masu salmon (Oncorhynchus
masou) in the Atsuta River.

Kei-ichi Sugiwaka and Hiroshi Kojima

Investigations on the smolt of wild masu
salmon Oncorhynchus masou were carried out
from 1978 to 1984 in the Atsuta River, which dis-
charges into the Japan Sea and is located in the
mid-western area of Hokkaido, and some remark-
able findings on smoltification were procured. In
the developmental progress of smoltification, sil-
very parrs which appeared in March, developed
into early stage smolts in mid to late April
Approximately two weeks later, they changed
into middle stage smolts. Late stage smolts ap-
peared in late May. Periods of downstream mi-
gration of smolt for each year occurred from
early May to early June, and peaks of migration
occurred in mid to late May. molts had approxi-
mately 1.0-1.5 cm of monthly growth in fork
length during the period from April to May. The
fork length of 17(2;) smolts ranged from 8.5 to
15.0 cm, and averaged between 10.6 and 13.0 cm,
while range and means of 2" (3;) smolt fork
length were 12.3-18.3 cm and 13.5-15.4 cm respec-
tively. Of the 1" smolt population, 23.8-34.1%
were male and of the 2" smolt, the rate shifted
between 0 and 34.6% from 1978 through 1984.

Changes in sex ratio during the course of the 1°

smolt run were observed. Usually the rate for
males increased gradually during the migration
period, though in a few years peaked at the mid-
dle of the migratory season. From observations
on the sex ratio of 0" juveniles in Autumn, as-
sumed that these phenomena were influenced by
sexual differences on growth and phase differen-
tiation in the preceding year. The frequency of 2*
smolt varied in a three-year cycle. Emergence of
2% smolt is related to high juvenile density which
causes inferiority of growth in 0" age. Therefore,
The methodical fluctuation of 2 smolt frequency
reflects the periodic variation in the individual
density of juveniles, e.g., high density causes
high frequency of 2% smolt in the year after next,
and low density reduces 2 smolt frequency in
the year after next. These results suggest that, in
the Atsuta River, according to increase of indi-
vidual density, total smoltification rate also in-
creases due to the appearance of a multiplicity of
2" smolt. From the estimated regression curves,
the rate of smolt produced from one year class
group will reach approximately 63% where all
smolts are 1" age in the individual density of 0.1
per square meter. Under an exceedingly high
density (4/m®), smoltification rate might increase
to 100% due to an increase of 2° smolts, espe-
cially male smolts. Striking suppression of juve-
nile’s growth as a result of the influences of high
density and environmental effects, e.g., floods, re-
sulted in a substantial decrease in the
smoltification body length of fish rather than an
increase in the smoltification age. This suggests
that if the individual density of 0" juveniles be-
comes extremely high, the smoltification rate
would not rise accordingly and be set a limit to
approximately 80% of one year class group in the

Atsuta River.
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Downstream migratory behavior and seawater
adaptability in the yearling hatchery-reared masu
salmon (Oncorhynchus masou) in an artificial
stream.
Takayuki

Kasahara, Masatoshi Ban and Kohei Yamauchi

Izumi, Hiroshi Kojima, Noboru

The downstream migratory behavior and
seawater adaptability in the yearling masu
salmon (Oncorhynchus masou) reared in Mori
branch of the Hokkaido Fish Hatchery were in-
vestigated in an artificial stream in relation to
the lunar phase around smoltification, from 27
April to 22 June, 1983. The smolts showed down-
stream migratory behavior around the time of the
new moon in May. Moreover, the largest numbers
migrated immediately after rainfall following the
new moon during the period of middle May
through middle June. These results suggest that
the new moon and rainfall may be important as
environmental factors for the onset of down-
stream migratory behavior in the masu salmon.
Of migrated smolts, ones which occurred the be-
havior around the time of the new moon had the
best hypoosmoregulatory abilities. The present
results suggest that masu salmon should be re-
leased in the river just before the new moon, and
that hatchery-reared masu salmon smolts may be

effective as stocked fish.
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Tagging liberation of fry from adult chum
salmon captured in the eastern Hidaka coastal
sea-II. Returns of Adults in the 1978 Year Class.
Mitsuhiro Nagata, Hisashi Tonosaki, Mabhito

Miyamoto, Hiroshi Kawamura and Katsuhiko

Watanabe

Ecological studies on adult return from the
1978-year class of chum salmon (Oncorhynchus
keta) in the Utabetsu river were examined by
making use of the tagging liberation of fry in the
eastern Hidaka coastal sea. Anal-fin-clipped
chum salmon fry of 251,414 fish in number were
released into the Utabetsu river of eastern
Hidaka on 2lst May in 1979.Marked adults, 411
fish in total were captured from October of 1981
to November of 1983 in the Hidaka coastal sea
and the Utabetsu river, being 35 fish in the 3-
years, 351 fish in the 4-years and 25 fish in the
5-years old one, respectively. Duration of the
adult return and their body color, with silvery
and pre-nuptial coloration in the coastal sea, cor-
responded nearly with those of the parental
fishes, although the time of full maturation was
delayed about 20 days in comparison with them,
which was similar to the results of the 1977-year
class. From seasonal changes of recaptured
points in the coastal sea, it was supposed that
most of adults passed over Cape Erimo, then
reached to the west boundary of Erimo-cho
through the offing, moved in shore and turned
toward the Utabetsu river along shore line.
Average ratio of the 4-years old marked fish to
total catch of chum salmon captured with set net
in 8 fishing points was computed at 1.59%.
Furthermore, from the value, age composition and
hauls, adult return percent of marked chum
salmon in the 1978-year class was estimated at
1.25%.

5, NFH T % (Cottus nozawae SYNDER) 12X %
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Ecological studies on the predation of chum
salmon fry by fresh water sculpin, Cottus
nozawae SYNDER.
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Mitsuhiro Nagata

The ecological studies on feeding of fresh wa-
ter sculpin Cottus nozawae, a dominant predator
of chum salmon fry (Oncorhynchus heta) in the
eastern streams of Hidaka were experimentally
carried out from June to July in 1982 and 1983.
Amounts of satiation in the sculpin were investi-
gated by exposing them to three size groups of
prey (chum salmon fry) and two different water
temperatures under the closed system. Most of
the sculpin, which were held without food for
about a week, satiated within 2 hours after sup-
plying with the chum salmon fry as a prey in ex-
cess. The relationship between the fry weight of
satiation (Y.) and body size of the predator (X)
was represented by a linear: Y,=0.695X—4.381, be-
ing independent of size in the prey (x). On the
other hand, the fry number of satiation (Y.) de-
creased with increasing of prey size (Y.=0.988X—
1.589x+1.492). The satiation amount was appeared
not to be affected by variation of water tempera-
ture. The rates of digestion were measured under
the two different water temperatures in closed
system. The stomach content decreased curvilinearly
as represented by polynomial regression. Full di-
gestion time of the fry within the stomach of
sculpin increased with fall of water temperature
and with increasing in size of the sculpin.
Feeding after the satiation was observed by ex-
posing the sculpin with various sizes to two dif-
ferent densities of chum salmon fry for a week
under the flow system. The sculpin was appeared
not to consume enough the prey until 3rd day af-
ter the satiation, but became fed actively from
4th on. Ratio of the accumulative amount con-
sumed by the sculpin for a week after the satia-
tion to the satiation amount increased with
decreasing in size of the sculpin, being independ-

ent of difference in density of fry as a prey.
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Early distinction of the sex of hatchery-reared
masu salmon, Oncorhynchus masou, using antise-
rum against egg yolk protein.

Hiromi Ohota, Yoshihito Shinriki, Masao Honma,
Akihiko Hara, Takahiro Matubara, Takayuki

Azumaya and Kouhei Yamaguchi

The sex of the masu salmon, Oncorhynchus
masou, reared in Mori branch of the Hokkaido
Fish Hatchery was examined by Mancini method
using antiserum against purified egg yolk protein
(lipovitelline) from the chum salmon, O.keta. This
method is based on the detection of serum
vitellogenin of the females before or during
vitellogenesis. In April, only three females out of
sixteen fish which had oocytes showing primary
yolk stage were distinguished by using this
method. The remainder was females having oil
droplet stage oocytes or males. However, all the
females in May and June, oocytes of which devel-
oped into primary or secondary yolk stage, could
be distinguished from males. These results dem-
onstrated that present technique was useful and
easy for the distinction of the sex in the masu

salmon.
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Variations of hematological parameters for rain-
bow trout reared intensively in static water.

Toshio Izawa and Kazushi Imada

Selected hematological parameters of rainbow

trout (Salmo gairdneri) which held in static
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water with heavy loading density (12%), and
changes of water quality were investigated in
rearing period of 72 hours. At 72 hours after be-
ginning of experiment total ammonia (as nitro-
gen) and unionized ammonia concentrations
reached 17.55 mg/l, 0.047 mg/l respectively. As be-
ing total ammonia, COD, phosphate accumulated
in rearing water, increase rate of these constitu-
ents per hours and Kg body weight tended to re-
duce  gradually. Hematoclit values  were
significantly higher at 1 hour (P<0.05) and 3.5
hours (P<0.001) after beginning of experiment
than that of control group which held in running
water with heavy loading density (10%). When
there were significant differences in serum con-
stituents between experiment and control, serum
potassium level of experiment were always lower
than that of control. However, serum sodium and

calcium level were higher than that of control.
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On the biochemical components in blood of the
cultured cichlid fish, Tilapia nilotica.

Toshiro Terao and Toshifumi Ogawa

The purpose of this study was to evaluate
some physiological characters of healthy cultured
cichlid fish, Tilapia nilotica, by fish feed oil and
vitamins enriched diet in the rearing pond,
Hokkaido. We investigated those morphological
and physiological characters of this species for
each sexual fish on this fish samples. The mor-
phological characters were showed better growth
for those body weight, body length and fat fac-
tor. The physiological characters of the fish in-
vestigated by results of clinical analysis of blood
components for each sexual fish. The blood com-
ponents of female and male fish showed the con-
servation of the healthy conditions by clinical

analysis. The results of these comparison showed

some of the similarities on the proteolytic sub-
stances and some of the differences on the lipid
substances in these blood components. Those re-
sults of the clinical analysis of the blood compo-
nents will be guess that these show the
characters on the physiological and nutritional

condition in the tilapia fish.
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Studies on parasites of masu salmon, Oncorhynchus
masou— VI. Costiasis of pond-reared masu salmon
fry.

Teruhiko Awakura, Hiroshi Kojima and Hisao

Tanaka

Ichtyobodo necator (HENNEGUY 1883; PINTO
1928) (=Costia necatrix) is a cosmopoltian flagel-
late ectoparasite of fresh water fish which causes
lesions in epithelial tissues. It has long been rec-
ognized as important pathogen of cultured
salmonids in Europe and North America, but it
has not been reported regarding masu salmon in
Japan. During December, 1983, the Mori Branch
of Hokkaido Fish Hatchery reported a high mor-
tality rate among pond reared masu salmon,
Oncorhynchus masou fry. This incident occurred
immediately after first feeding and 73.4% of fish
died in one pond during one month. The skin bf
diseased fish was heavily infested with
Ichtyobodo, particularly in posterior body, and
dorsal, anal, pectoral and caudal fins. The skin
of the head was never seen to have been infested
by ILnecator. The presence of Lnecator led to
marked erosion of microridges on the outemost
cells. It seems possible that the parasite secretes
some form of digestive enzyme or toxic substance

which leads to erosion of the microridges. The

presence of Lnecator led to marked hyperplasia
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of the malphigian cells of the epidermis under-
neath the infested area and the almost complete

disappearance of goblet cells in the same area.
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Multivariative data analysis applied to the river
water qualities of Nemuro district, northern part
of Hokkaido

Kazushi Imada

Multivariate analysis was applied to the water
qualities of several rivers in Nemuro district,
northern Hokkaido. These rivers are very impor-
tant for salmon cultures. The mean data matrix
based on 29 stations and 14 variables of COD,
BOD, Cl, SO, Ca, SiO., PO., NH.-N, NO:-N,
NO:-N, Fe, Turbidity, SS and Tannic acid, were
computed with the exception of outliers. COD,
Tannic acid and NH,-N caused from the humus
ground around the Lake Furen, represented
highly correlations among them in the correlation
analysis. From the principle component analysis,
three components were extracted (70% accumula-
tive proportion) as follows: First component de-
pends on the humus substances and influence of
brackish water. Second component is total iron
which is also the index of humus ground. Third
component is turbidity of river. By the cluster
analysis, dendrogram was drawn by single link-
age method with Euclid distance. These results
showed that stations were divided into four
groups. First group is clear water of upper
stream. Second one is middle or lower stream
slightly polluted with suspended matters. Third
one is influenced by brackish water of the Lake
Furen. The last one is polluted with humus, these
stations show high concentrations of COD,
Tannic acid and NH,-N.
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Preliminary observations of growth and return of
pond-cultured masu salmon (Oncorhynchus masou).
Hiroyuki Sakamoto, Hiroshi Kawamura and

Hisao Tanaka

Pond-cultured masu salmon (Oncorhynchus
masou) fry, which had been artificially fertilized
in the Mori Branch of the Hokkaido Fish
Hatchery and hatched in the Shakotan Hatchery,
were released in the Yobetsu River to observe
their growth and return of fin-clipped fish from
1982 through 1984. The growth of fry (7,100 fish)
released from May to August in 1982 was better
than that of a wild fish. The better growth in
considered to be due to the larger size of re-
leased fry at the time of liberation. The fin-
clipped smolt were caught in the mouth of the
river in middle June, 1983, when wild smolt usu-
ally descended from rivers in the mid and south
area of Hokkaido. In the Japan Sea-coasted wa-
ters of western Hokkaido, four fin-clipped adult
masu salmon, ranging from 41 to 54 cm in fork
length and from 0.8 to 1.8 kg in weight, were
captured from middle March to middle April in
1984.
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Smolt transformation and precocious male parr in

cELIEN (bimE

cultured zero-year-old masu salmon Oncorhynchus
masou (BREVOORT).

Hiroshi Kojima and Masahiro Kita

Some observations concerning the smolt trans-

formation of  zero-year-old masu salmon
(Oncorhynchus masow) were carried out using
fish populations reared in 1983 and 1984 at the

Mori Hatchery. The fish, which had been

— 106 —



successively cultured since 1966, showed the cli-
max of smoltification from early June to early
July, and extremely-high smolting rates (40 to
84%). In contrast, the population of dark parr
(indicating precocious maturation) was markedly
small compared with that of masu salmon reared
in other places. The mean body size of the popu-
lation of smolt containing 52-54% female was
larger than that of parr (including undifferenti-
ated parr and precocious male), while there was
no significant difference between female and
male smolt in the body size. The body colour and
behaviour of undifferentiated parr were similar to
those of inactive wild yellowish parr in winter.
The size of the regressive smolt group (24.5% of
the whole smolt population) which reversely
transformed from smolt was smaller than that of
transformed group, and furthermore, the ratio of
male was considerably high. There was a signifi-
cant correlation (r=0.956) between the size meas-
ured on May 1st and the smolting rates of zero-
year-old fish. Low smolting rates were observed
in the low growth group and in the diseased
group during the smolt transformation. Based on
these results, it is suggested that the Mori fish
group have obtained the remarkable characteris-
tics; high growth ability in relation to high
smolting rate, low ratio of dark parr and flexibil-

ity of smolting season.
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On an anadromous type of dolly varden charr
Salvelinus malma caught in the Shokanbetsu
River

Jouji Saito and Kei-ichi Sugiwaka

On July 16, 1984, a sea-run type Dolly Varden
Charr, Salvelinus malma (WALBAUM), was
caught in the Shokanbetsu River, which dis-

charges into the Japan Sea and located in

northwestern Hokkaido. Comparisons were made
between the characteristics of this specimen and
those of the other specimens which were reported
as anadromous types from Hokkaido. These ob-
servations and the fact that the Shokanbetsu
River and adjacent regions do not have the
anadromous type or resident type of this species
suggest that this particular specimen alone had
hatched and smoltified in a river in a more
northern region than Hokkaido, and upon return-
ing lost its way. This finding is the first report
of an anadromous type of Dolly Varden Charr
from the river flowing into the Japan Sea in

Hokkaido.

2405 (1985)
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Studies on the artificial sex control in rainbow
trout, Salmo gairdneri.

Houji Okada

Since Yamamoto (1953, 1958) first reported
functional sex reversal in medaka (Oryzias
latipes) by administration of sex homones, artifi-
cial sex reversal was accomplished in several
kinds of fresh water fishes such as in gold fish
(Yamamoto and Kajishima, 1968), Tilapia (Clemens
and Inslee, 1968), and guppy (Takahashi, 1975a).
The results obtained in these studies provide not
only information about the process of sex differ-
entiation and genetic bases of male heterogamety
(XY), but also suggest the possibilities of practi-
cal applications of sex control on fish culture.
The present study was carried out to accomplish
functional sex reversal by sex steroids and the
production of triploids by hydrostatic pressure.
The musculinization of genetic females by andro-
gen treatment was tried to get XX male which

sire all female progenies. The feminization of
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genetic males by the estrogen treatment was
tried to get YY males which sire all male proge-
nies. The production of all female triploids was
also tried to get sterile fish. The results obtained
in this study are summarized as follows;

1) Some genetic females had a gonad showing
signs of meiosis at the swim-up stage. Number of
oocytes increased at 4 weeks after the swim-up
and most of the germ cells changed into oocytes
at 6 weeks after the swim-up.

2) Dietary 17 a -methyltestosterone (0.8 and 5 ppm
in food) effected the musculinization when the
oral treatment started within 2 weeks after the
swim-up. The treatment which was started 4
weeks or later had no effect on sex differentia-
tion. Long-term treatment (8 weeks) started
within 2 weeks after the swim-up with the same
doses having a strong effect on the musculinization.
3) The most effective dose of 17 a -methyltestoste
rone and 1l-ketotestosterone were 0.5-1.0 ppm
and 5 ppm, respectively. An excess dosage of an-
drogen had no effect on musculinization.

4) The androgen induced XX males sired all fe-
male progenies in the F: generation when mated
with normal females. All females produced were
normal in reproductive function and produced a
1:1 sex ratio in F. generation. The results of these
experiments demonstrate that rainbow trout is fe-
male homogamety (XX) and functional sex re-
versed XX males produce all female progenies
with normal reproductive function.

5) The gonads of genetic males did not show any
signs of meiotic activity at the swim-up stage.
The testes were identified by the development of
somniferous tubules and the formation of
spermatogonial cysts of gonia at 25 weeks after
the swim-up, but meiotic activity was not ob-
served.

6) The oral treatment of estradiol-17 8 (50 ppm
and 100 ppm) from the first feeding had an effect
on the feminization of genetic males, but the ra-

tio of sex reversal was low.

7) The estrogen induced XY females sired proge-
nies of which the sex ratio of male to female was
3.0 in the F: generation. YY males in F, were de-
tected by progeny test and they sired all male
progenies in the F. generation. All produced
males were normal in reproductive function and
produced a 1:1 sex ratio in the F; generation. The
results of these experiments demonstrate that
rainbow trout is male heterogamety (XY) and in-
duced YY male produces all male progenies with
normal reproductive function.

8) The triploidy was induced by hydrostatic pres-
sure (650 kg/cm’, 6 min.). All triploid males ma-
tured up to 37 months age after hatching.
Matured males represented secondary sex charac-
teristics and produced aneuploid sperm. On the
other hand, all of triploid females did not mature.
Their germ cells remained in the oogonial stage
and were immature until 37 months age.

9) The production of sterile stocks was tried by
all female triploidy. After fertilization with hor-
monal induced XX male with normal females, fer-
tilized eggs were pressed at 650 kg/cm®
hydropressure for 6 minutes. Eighty-six percent
of the treated fry were triploid females and the

others were diploid females.
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Effects of chum salmon pituitary and human
chorionic  gonadotropin on  stimulation of
spermiation in male chum salmon, Oncorhynchus
keta.

Kei-ich  Sugiwaka and

Tetsuo  Teranishi,

Teruhiko Awakura

Effects of acetone-dried chum salmon pituitary
suspension (PS) and human chorionic gonadotropin

(HCG) on stimulation of spermiation of chum
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salmon (Oncorhynchus heta) were studied using
mature males captured in the River Schokanbetsu,
near Mashike, in October and November. Male
chum salmon receiving a single intramuscular in-
jection of HCG at a dosage of 500 MU showed
an increase in sperm volume and sperm motility
and a decrease in spermatocrit value. HCG at
dosages of 50, 100 and 250 MU had no promoting
effects on spermiation. In males which had previ-
ously been stripped of their semen, HCG at a
dosage of 500 MU was almost ineffective in
stimulating spermiation. However, a single
intraperitoneal injection of PS at dosages of 15
and 75 mg brought about a remarkable increase
in sperm volume and a decrease in spermatocrit
values in treated males handstripped repeatedly
after injection, though it was not effective in pro-
longing sperm motility. The stimulatory effect of
PS, especially at the dosage of 75 mg, on
spermiation was retained in treated males at
least for 5 days after injection. Thus the treat-
ment of mature males with PS may be fully effi-
cient in obtaining male chum salmon with a high
potential for spermiation. The effectiveness of
HCG in the stimulation of spermiation is to be

determined by further investigations.
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Studies on parasites of masu salmon, Oncorhynchus
masou — V. Observations on the seasonal occur-
rence of Diphyllobothrium latum plerocercoid.
Teruhiko Awakura, Seiji Sakaguchi and Takeshi

Hara

From the year 1980 to 1985, a total of 2,478 ju-
venile, maturing or mature masu salmon,
Oncorhynchus masou, caught in natural rivers,
lakes, offshore and reared in fish ponds, and 63

mature chum salmon, O.keta, caught in a river

and 30 pink salmon, O.gorbuscha, caught in the
offshore of Hokkaido and northern Honshu were
examined for the plerocercoid of Diphyllobothrium
latum. The plerocercoid was found in the south-
ward migrating masu salmon caught offshore
from January, but not in juvenile caught in the
freshwater and in the sea until November. The
infection rate and the number of plerocercoids
per fish were 0.75% (0.01) in the sea-migrating
masu salmon from May to March and 9.04%
(0.61) from April to June. For mature or maturing
masu salmon migrating upriver from July to
October, it was 19.57% (0.84). The plerocercoid
was found also in maturing pink salmon caught
in coastal offshore, but it was not found in ma-
ture chum salmon caught in a rivers.In the masu
salmon caught in the offshore of Japan Sea coast
of northern Honshu, the plerocercoid of D.latum
was only found in these fish having a body
length of over 40 cm and having long-distance
migration to northern areas. These results sug-
gest that the transmission of D.latum plerocercoid
to masu salmon is occurring mainly in the south-
ward migrating masu salmon in the Japan Sea

coast of Hokkaido.
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Feeding habit and feeding behavior of juvenile
masu salmon, Oncorhynchus masou, during the
smoltification period.

Kei-ichi Sugiwaka

Stomach contents of juvenile masu salmon col-

lected in the Atsuta River during the
smoltification period were examined and some
findings on their feeding behavior were obtained.
molts had a higher average number of food or-
ganisms when compared to stream resident parrs,
however, with regard to stomach content, the in-

dex for smolts was less than for parrs. There
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were some differences between smolt and parr re-
garding the kinds of food organisms. These dif-
ferences were not due to the selection of food
organisms along with the phase differentiation,
but were caused by the variance of feeding con-
ditions. Therefore, it was assumed that smolts
were superior in positioning themselves for feed-
ing in the stream. Change in food habits of smolt
with passage of time were not observed, however,
the relationship between stomach content index
and fork length of smolt changed with the loca-
tion and developmental progress of smoltification.
For instance, in the early stage smolt, stomach
content index was in inverse proportion to fork
length, however middle stage smolt was in direct
proportion. These results suggested that feeding
behavior of smolt was closely related to changes
of behavioral patterns originating in the develop-

mental stage of smoltification.
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Changes in hypoosmoregulatory ability associated
with smolt transformation in wild masu Salmon,
Oncorhynchus masou.

Hiroshi Kojima and Takayuki Izumi

The changes of the serum sodium concentra-
tion which is used as a parameter for seawater
adaptability were examined in order to determine
the progress of smolt-transformation and the cri-
teria for functional smolt by using wild masu
salmon (Oncorhynchus masou) captured from a
stream.

The sodium-levels of pre-smolt (the fish in an
early stage of smoltification) transferred from
freshwater directly into seawater (33-34%o) were
maintained at 170-190 mEq/l without reaching at
150-160 mEq/l within five days. The sodium con-

centration of mid-smolt (the fish in a middle

stage) reached at 150-160 mEq/l 48-72 hours after
the immersion in seawater. Though the concen-
tration of post-smolt (the fish in a later stage)
increased transitorily after 6 hours in seawater, it
attained at a freshwater-acclimated serum sodium
level (140-150 mEq/l) after 48 hours. The serum
sodium concentration after 48 hours in seawater
decreased successively with the progress of
smoltification; masu salmon improved their
ability to adapt to seawater during smolt-
transformation and the post-smolt indicated a
maximum hypoosmoregulatory ability. The sig-
nificant difference (0.005 < P < 0.010) of ability to
adapt to seawater which depended on the size of
smolt was obtained; a larger smolt developed
higher ability than a smaller smolt. When the
seawater adaptability of mid-smolt in different
seawater temperatures was examined in the mid-
dle of May, there was no significant difference in
the serum sodium concentrations between 7°C
and 15°C. The salinity tolerance of parr in April
was relatively high. However, that of parr from
the middle of May decreased, while that of smolt
in the same time increased markedly.
Furthermore, parr in June were not able to sur-
vive three days at most. These results can be
used as an aid to determine the progress of
smoltification and to grade the fish reared under

the hatchery condition.
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Smoltification mechanism in underyearling and
differentiation process of regressive smolt from
underyearling smolt in masu salmon, Oncorhynchus
masou, that acquired ability of premature
smoltification.

Tadahide Kurokawa, Mahito Miyamoto and

— 110 —



Hiroshi Kojima

Some observations were carried out in order to
define the smoltification mechanism in underyearling
and regressive phenomenon of underyearling smolt
by using Mori strain of masu salmon (Oncorhynchus
masou) which was reared at the Erimo Hatchery.
The rate of population over 6-7 cm (fork length) in
May 1st nearly coincided with smolting rate in
underyearling. The smoltification has started before
the decision of maturity in Mori strain. In 1983 year
class, the rate of underyearling smolt was 31.3% and
51.5% of it regressed to parrs by March in 1984.
Thereafter 91.9% of this regressive smolts trans-
formed into smolt again and the rest remained parrs
in June 1984. The differentiation brocess of regres-
sive smolt resembled closely the one of undifferenti-
ated parr. From these results, it is suggested that
the starting size of smoltification is 6-7 cm (fork
length), and the size of it is much smaller than that
of natural fish, therefore the smolting rate in
underyearling is risen to high level while the rate of
precocious male is restrained to low level. And the
regressive smolt can be used as fish for yearling

smolt release.
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Study on the population dynamics of long-finned
smelt, Spirinchus lanceolatus, stocks in the Mu
River and Saru River

Miki Kobayashi, Kei-ichi Sugiwaka and Houji
Okada

Studies were made on population dynamics of
long-finned smelt (Spirinchus lanceolatus Hikita)
stocks in the Saru river and the Mu river as well as
in the coastal areas in the vicinity of these rivers.

The stocks of long-finned smelt in these coastal

areas sharply decreased in 1969, after which it has
remained at a low level to date. It is thought that
the cause of this decline or low level of long-finned
smelt stocks may be attributable to decreases of up-
stream migrating parent brood stocks as a result of
increased fishing efforts in the coastal areas. Long-
finned smelt fishing in coastal areas is usually car-
ried out from early October to mid November with
late October as its peak. The decreased status of
long-finned smelt stocks in recent years has, how-
ever, obscured this peak fishing period. Although
the period of up-stream migration for spawning is
from late October to late November in both of these
rivers, the peak is from late October to early
November in the Mu river while it is not clearly rec-
ognizable in the Saru river where the level of stocks
has declined. These results of the study suggests
that it is necessary to take measures with which to
strengthen artificial propagation (artificial fertiliza-
tion, rearing and releasing) program of the fish, and
particularly with regard to management and coordi-

nation of coastal fisheries.

415 (1986)
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Oxygen consumption in the fertilized eggs and
alevins of chum salmon Oncorhynchus keta, and in-
fluence of flow rate, density and difference in verti-
cal level of the tray on the growth of alevins in the
vertical incubator.

Mitsuhiro Nagata, Mahito Miyamoto and Hisashi

Tonosaki

The rate of oxygen consumption of chum salmon
was determined from fertilization of the eggs to

resorption of yolk, by making use of the respiratory
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chamber with the flow system at the water tempera-
ture ranging 7.0-11.5°C. The oxygen uptake increased
curvilinearly until 20% yolk stage (wet yolk weight
X100/wet total weight) after fertilization, particularly
with sharp rise after hatching. However, after 20%
yolk stage oxygen uptake decreased. Alevins of
chum salmon in the vertical incubator with ten wire
mesh-trays were reared from hatching to near re-
sumption of yolk at two levels of flow rate (15, 30
I/min) and three levels of density (20000, 18000, 15000
fish/tray) under the water temperature of 3.7-7.0°C,
and at three vertical levels (top, middle and bottom
tray) under 15 l/min, 18000 fish/tray and 4.0-7.6°C.
From the statistical analysis by making use of ran-
domized block design, alevins reared at high flow
rate (30 1/min) were smaller in size and lower in ef-
ficiency of yolk utilization (dry weight increment of
body X100/dry weight decrement of yolk) than those
at low flow rate (15 1/min). The effect of the differ-
ence of density was less than that of flow rate.
Alevins reared at top tray of vertical incubator were
larger in size than those at middle and bottom trays.
The dissolved oxygen in outlet water of each tray
decreased with increasing of oxygen uptake in
alevins, and at about 7-8 weeks after hatching, the
saturation of dissolved oxygen decreased under 70%
in water of the bottom tray. At the same time,
though total ammonia also increased to 205ug /1 at
the bottom tray, the value of un-ionized ammonia
estimated was low at about 0.07 zg -NHy/l. These re-
sults of water quality suggested that the growth of
alevins in middle and bottom trays was limited by

decreasing of the dissolved oxygen.
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The downstream migration of chum salmon fry,
Oncorhynchus keta, released into the Utabetsu River
of eastern Hidaka in Hokkaido, and the estimation

of predation amount of the fry by fresh water

sculpin, Cuttus nozawae SNYDER.
Mitsuhiro Nagata and Mahito Miyamoto

The downstream migration of chum salmon fry af-
ter release, density of the fresh water sculpin (Cottus
nozawae) and the predation of the fry by the sculpin
were investigated in the Utabetsu River of eastern
Hidaka in Hokkaido from May to June in 1983 and
1984. The downstream migration of chum salmon fry
showed a diurnal periodicity. The lateral distribution
of descending fry was closely and positively related
to the current speed. About 50% of the fry released
had descended by next day after release. Densities
in number of fish per square meter of the sculpin at
the area from the mouth of river to roughly 0.5 km
upstream and the area from it to site released fry
(3.7 km upstream from the mouth), were estimated
at 0.15 and 0.02-0.05, respectively. From analysis by
making use of the probability graph paper method,
the sculpin in the Utabetsu River were divided into
six size groups. Ratios of the sculpin preyed on the
chum salmon fry showed 50.8% in 1983 and 72.2% in
1984. Relationship between the amount(Y) in number
of fry consumed by the sculpin and the body length
(X) of the sculpin ate the fry was represented by a
linear equation: Y=0.393X-1.715. Predation by the fe-
male of sculpin with the maturation more than 12%
in gonad somatic index tended to decline remarka-
bly. By making use of these results and the previous
studies (Nagata, 1984), amounts of predation of
chum salmon fry by the sculpin during 8 days after
release into the Utabetsu River were estimated at
6,638 fish (0.3%) in 1983 and 6,254 fish (0.2%) in
1984, respectively.
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Effects of chum salmon pituitary, LH-RH ana-
logue and 17 «, 20 B -Dihydroxy-4-pregnen-3-one
on spermiation in male chum salmon, Oncorhynchus
keta.

Tetsuo Teranishi, Toshio Izawa, Hiromi Ohta,
Tokiko Sasaki Kei-ichi Sugiwaka, and Teruhiko

Awakura

Effect of acetone-dried chum salmon pituitary
suspension (PS), analogue of luteinizing hor-
mone-releasing hormone [des-Gly"-[D-Ala"]-LH-
RH ethylamide] (LH-RHa) and 17 «, 20 B -dihydr
oxy-4-pregnen-3-One (17 @, 20 B -diOHprog) on
stimulation of spermiation of chum salmon
(Oncorhynchus keta) was studied using mature
males captured in the River Shokanbetsu, near
Mashike, in October. In males which had previ-
ously been stripped of their semen, a single
intraperitonial injection of 1 and 10 mg/fish of PS
brought about an increase in sperm volume and
a decrease in spermatocrit values when they were
handstripped repeatedly after injection. LH-RHa
and 17 «, 20 B-diOHprog at dosages of 1 and 10
wg/kg body weight respectively were almost inef-
fective in stimulating spermiation, though it in-
duced a slight decrease in spermatocrit values.
All of these hormones were not effective in pro-
longing sperm motility. These data suggest that
the treatment of mature males with PS may be

most efficient in stimulating spermiation.
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Effects of preacclimation to isotonic environment

on seawater adaptability and seaward migration

of chum salmon, Oncorhynchus keta, fry.
Hiroshi Kojima, Munehico Iwata, Shichiko Komatsu,
Mahito Miyamoto, Tadahide Kurokawa, and Sadao

Matsubara

Improvement of seawater adaptability in chum
salmon (Oncorhynchus keta) fry, weighing 0.8-
2.1g, was examined with plasma sodium (Na)
regulatory ability after various process of
preacclimation with fresh water (FW), diluted
seawater (DSW, 11 % in salinity: isotonic
seawater to the fry), and seawater (SW, 33-34%o).
After direct transfer of chum fry (1.4%+0.02g) from
fresh water to seawater, the plasma Na concen-
trations reached the maximum (172 = 4.3mEq/L)
after 24 hours. These fry attained at a seawater-
acclimated level (150-160mEq/L) after 48 hours.
The plasma Na concentrations of fry acclimated
to DSW for 24 hours reached the seawater-
acclimated level without showing any peak.
When these fry maintained in DSW for 24 hours,
then transferred to SW, the plasma Na concen-
trations increased slightly after 4 hours in SW
and reached at the seawater-acclimated level 9
hour after the transfer. When the fry were
preacclimated in DSW and FW for 24 hours, then
transferred to SW, the plasma Na concentrations
were maintained at the seawater-acclimated level
over 48 hours. When the fry were maintained in
DSW for 24 hours, then returned to FW, the
plasma Na level decreased and reached at a
freshwater-adapted level of 130-150mEql/L. Chum
fry acclimated to the DSW for 8 hours in a out-
door pond were released to a small-sized river at
300 meter from the river-mouth where there was
no estuary. The plasma Na concentrations of the
fry in the acclimation pond at 4 and 8 hours and
of migrating fry in the river were maintained at
the seawater-acclimated level. Behaviors of chum
fry during the acclimation in the pond were simi-
lar to the fry in hatchery ponds. The major

school of fry migrated downstream within 10
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minutes and reached to ocean. The present re-
sults suggest that the preacclimation of chum
salmon fry with the diluted seawater is effective

to improve their seawater adaptability.

5, Y7 T~ ROEMAENL MTRITZRITHAE L XE
N METER ORI L OB

BJINERS CbdEsREREY)) - /NS 18 e
SEKRFERRAEY) - EAEAN (bigidsr K ERLS)
(39—45)

Relationships of the growth of post-smoltification
to the desmoltification of underyearling masu
salmon, Oncorhynchus masou.

Tadahide Kurokawa, Hiroshi Kojima, and Mahito

Miyamoto

Although desmoltification (transformation from
a smolt into a parr) is observed in almost
salmonids smolt, its cause and mechanism are
little known. Mahnken (1982) pointed out that the
smolt below the critical size — the size of largest
parred individual — reversed to parr in juvenile
coho salmon. Thus the experiment rearing under
two feed conditions (amount of feed; 1:1/6) was
carried out in order to clarify the cause of
desmoltification in juvenile masu salmon from
Sep. 25, 1985 (just after the peak of smolting
rate) to Jan. 10, 1986. The differences in mean
fork length between two groups (amount of feed;
1:1/6) were always significant (except initial),
whereas  those between two groups in
reversionary rate (the rate of reversionary smolt)
were not significant at any time. There was no
significant difference in the initial size (because
all individuals were distinguished each other by
tag, all initial sizes could be known) of this ex-
periment between revertant (reversionary smolt)
and normal smolt (keeping smolt form). Though
the growth of revertant was slower than that of
normal smolt, the growth of revertant before parr
transformation was the same as that of normal

smolt. The growth of revertant slowed down from

approximately one month before the desmoltification.

Form these results, it is concluded that
desmoltification in juvenile masu salmon is not me-
diated by the growth condition after smoltification
and there is no tendency that the small smolt re-

verse to partr.
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Seaward movement of hatchery-reared masu
salmon, Oncorhynchus masou.

Hiromi Ohta, Yoshihito Shinriki, Akira Nishimula,
Masao Honma, Toshiyuki Matsubara, and Chouzou
Satoh

On 14 May 1985, 173,490 1" hatchery-reared
smolts of masu salmon, Oncorhynchus masou,
were released at the 3.5 km upstream from the
mouth of the Toppu River facing Japan Sea,
southern Hokkaido. And on 6 and 13 May 1986,
148,158 and 253,628 1* smolts were also released
at the 0.7km upstream from the mouth. Seaward
movement was estimated by the number of
smolts recaptured by cast nets at the mouth of
the river. Few of the smolts were recaptured im-
mediately after the release, and the peaks in the
movement were observed from the end of May to
early June. Comparison between the number of
smolts recaptured and the variance of environ-
mental factors including water temperature, rain-
fall, and lunar phase suggested that increases in
water temperature presumably acted as the most

effective releasing trigger on the smolts.
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Annual-ring-like structure observed on the sur-
face of the otolith of masu salmon, Oncorhynchus
masou.

Akira Nishimura, Takaya Kitamura, Yoshihito

Shinriki, Hiromi Ohta, and Masao Honma

The surface of the otolith of masu salmon,
Oncorhynchus masou, reared in sea cage was ob-
served by light and scanning electron micros-
copy. The observation showed grooves on the
surface of convex distal plane of the otolith.
Since the number of groove showed good agree-
ment with their age, and the formation of the
groove began in fall, the groove appeared to be
annual character formed from fall to winter.
There is a possibility that these grooves on the
otolith surface can be utilized as information

source of their age and growth.
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Cannibalistic decrease in the fry stage of hatch-
ery-reared masu salmon, Oncorhynchus masou.
Takayuki Izumi, Nobuhisa Koide, and Yoshihito

Sinriki

The cause of decrease in the number of fish
was investigated with hatchery-reared masu
salmon, Oncorhynchus masou, fry, in water tanks.
The decrease was produced when the difference
in length reached more than 1.8 in ratios (66.5
mm versus 37.5 mm in average fork length). This
loss was due to a cannibalistic effect between
large and small populations of fry. When the
length was more than 1.3 (39 mm versus 29 mm),
the number of fry dead increased. This maybe
caused by oral attacks. These phenomena were

associated with the volume of pellet food given to

these fish: the smaller the volume was the larger
the a cannibalistic effect resulting in increasing

the number of the dead was.
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Recapture of marked fish of hatchery-reared
masu salmon, Oncorhynchus masou, released to
the River in Hokkaido

Hiroyuki Sakamoto, Hiroshi Kawamura, Hisao

Tanaka, and Mitsuhiro Nagata

Eyed, eggs of masu salmon (Oncorhynchus
masow), which were spawned artificially in the
Mori Branch of the Hokkaido Fish Hatchery,
transported to the Shakotan Hatchery on 11th
May 1984. Fin-clipped fry, 31,000 in number 5.3
cm in mean fork length and 1.5 g mean body
weight, were released into Yobetsu River located
at the coast of the Japan Sea in western
Hokkaido. The marked smolt collected in the
River grew up to 154 cm in mean fork length at
the late May 1895. Juvenile marked masu salmon
transformed to smolt at early June and migrated
downstream mainly at late May 1985, these mor-
phological and behavioral changes coincided with
those of wild smolt. Twenty seven marked adult
caught in late February to early June 1986 at the
Japan Sea. The body size of marked ocean adult
ranged 30.5 to 63.5 cm in fork length and 0.3 to
5.6 kg in body weight, the growth of marked
adult showed a similar tendency of wild adult.
Three spent fish found in the Yobetsu River at
middle September 1986. As the results of growth
and migration of marked ocean adults showed
the same way of wild masu salmon. Marked
masu salmon migrated in the coast of Shakotan
peninsula at late February to early June 1986.
The small marked salmon caught in late

February to March at the, coast of Shakotan, the
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coastal waters of the Yobetsu River, those fish
were migrating toward the southern sea for the
hibernation. It was cleared that the ocean adult
migrated for spawning toward the coast of
Shakotan from the southern sea to the coast of
Japan Sea in April to early June. It was also con-
firmed that the liberation of hatchery-cultured
masu salmon fry was contribute to the enhance-

ment of masu salmon stock.
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Fluctuation of the nematode, Cystidicoloides
ephemeridarum (Linstow, 1872), in the digestive
tract of juvenile masu salmon, Oncorhynchus
masou, in the Shokanbetsu River, and its influ-
ence on the host fish.

Takaya Kitamura

The life history of the nematode, Cystidicoloides
ephemeridarum, parasitic in the juvenile masu
salmon (Oncorhynchus masou) was investigated
in the Shokanbetsu River facing Japan Sea,
Hokkaido Japan. Collection of the fish was car-
ried out from May to October 1985 and in July
1986. Parasitic prevalence of the nematode was
lower in August and in September than in other
months. The phenomenon was supposed to be
closely related to the seasonal occurrence of the
intermediate host. Infectious intensity of the
nematode did not show remarkable fluctuation
from summer to autumn. And the intensity in the
smolt fish examined in May to June was slightly
larger than that in the parr examined in July to
October. The occurrence degree of mature fe-
males of the nematode in the digestive tract of
the fish indicated that this parasite had two gen-
erations (the “ spring generation ” and the

“autumn generation” ) in a year in the region

examined. The spring generation seemed to lay

eggs from May to the end of June, and the
autumn generation to do from August to early
October. Correlation between the infectious inten-
sity and the condition factor of the host fish
could not be found. The fact suggested that the
nematode had little harmful effect on the masu
salmon under the infectious intensity observed in

the present study.
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Variations in hematological parameters and re-
covery of rainbow trout, Salmo gairdaeri, reared
with high density in static water.

Toshio Izawa and Kazushi Imada

Selected hematological parameters of rainbow
trout (Salmo gairdneri) which was held in static
water with heavy loading density, and changes of
water quality were investigated in rearing period
of 70-72 hours. The experiment was carried out
two times. Loading density in the first experi-
ment was abut 10%, the second was 20%. At 24
hours after beginning of experiment rate of am-
monia to total excreted nitrogen was calculated
53% in the first, and 76% in the second. Un-
ionized ammonia level in the first and the second
reached 0.171 mg/l (at 72h), 0.074 mg/l (at 45h)
respectively. It appears from these results de-
scribed above that un-ionized ammonia is more
effective than other pollutants in regard to the
stress of water pollution on rainbow trout.
Among the selected hematological parameters,
hematocrit value, number of erythrocytes, longitu-
dinal diameter of erythrocyte, serum calcium and
glucose level were higher than the value of con-
trols which were held in running water, while
spleen somatic index (spleen weight X 100/body
weight) was lower than that of controls as the

time goes. It was examined by moving the
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experimental group into running water from
static water how long times changes in these hema-
tological parameters required for recovery.
Hematocrit values in the 1st experiment required
2-3 weeks for recovery. Number of erythrocytes
and longitudinal diameter of erythrocyte required
1-2 weeks. All selected hematological parameters
returned to control levels in the 2nd experiment

which was examined only 3 weeks later.

12, BEWKENEIC X DT HYF LA AV TIYFO
HERE D1 & Wi Fl D AR 7B

RAGRAE— (LB STREERMESS) - T & i
WSLKEERRMESS)  (101—109)

Electrophoretic identification of hybrids between
two species of the pond smelt, Hypomesus
transpacificus nipponensis and H.olidus, and their
genetic differentiation.

Shin-ichi Ohkubo and Satoshi Kudo

The specimens of two species of the pond
smelt, Hypomesus transpacificus nipponensis and
H.olidus, were examined by, starch gel electro-
phoresis to identify their F: hybrids and clarify
their genetic variability and differentiation. Allele
substitutions between the two species were ob-
served at 10 of 20 loci examined, which made
possible to identify their F; hybrids. The number
of F, hybrids identified by starch gel electropho-
resis was 6 of 200 specimens in Lake Ishikari-
furukawa and 1 of 200 specimens in Lake Toro.
The introgreesive hybridization between the two
species did not occur in both lakes. The average
genetic distance between the two species was
0.9945, which is relatively large among other fish
species. That among populations within species
was 0.006 in H.t.nipponensis and 0.0096 in
H.olidus. The level of genetic differentiation
among populations in H.olidus was higher than
that in H.t.nipbonensis. The estimate of average
heterozygosity was 0.023 in H.t.nipponensis and

0.070 in H.olidus. The values of genetic

variability in H.olidus was higher than those in

H.t.nipponensis.

5425 (1987)

1, %27 5< A Oncorhynchus masou DFALITLES
MApFRIERLEY, TRAMTXAF =L —1TBEL
VT R b AT v DAL

ITHZER (AbEER AR ESE) - RHEME CtifE
SEAKEERES) - IIARGT Gt R kAR (1—
11)

Changes in circulating thyroxine, estradiol-17 8 and
testosterone concentrations during smoltification in
the masu salmon, Oncorhynchus masou.

Hideaki Yamada, Hiromi Ohta and Kohei

Yamauchi

We have investigated the changes in the con-
centrations of thyroxine, estradiol-17 8 and testos-
terone in the circulating blood of masu salmon
smolts, (Oncorhynchus masou), during smoltification.
1986 smolts (born in 1984) were reared under
high water temperature in summer of underyearling
phase compared with 1985 smolts (born in 1983).
Growth in body weight of the 1986 smolts was
greater than that of 1985 smolts. The distinct peaks
of blood thyroxine, estradiol-17 8 and testosterone
levels of 1985 smolts were observed during
smoltification. In contrast, the similar peaks ob-
served in 1985 smolts were not detected in 1986
smolts. These results suggest that rearing condi-
tions may have an effect on the physiological
changes including hormone levels in the circulat-
ing blood in the masu salmon during smoltification.
Furthermore, the increased levels of estradiol-17 8
or testosterone may enhance the sense of smell and
sight sensibility of smolts by cooperation with
thyroxine, and may effect on the gonadotropin syn-

thesis and its accumulation in the pituitary.

2, 4 N7 Hucho perryi (BREVOORT) ks DiEH)
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IR CLmRERRESR) - NI R (eifdE
SEAKREEMMESS) - 5 FEAT CHRESLAKERM LS
=i M CLmERAKESR) - ABE (uifd
REKEESATR) - LG (b 8 K 272 7K EE 22 3)
(13—18)

Sperm motility of the Japanese huchen, Hucho
perryt (BREVOORT).

Hisashi Hirai, Hiloshi Kawamula, Takayuki
Izumi, Takeshi Miura, Motoko Ninzeki and Kohei

Yamauchi

The effects of NaCl, KCl, CaCl. and mannitol
solutions on sperm motility in the Japanese
huchen, Hucho perryi (BREVOORT), were ob-
served. Maximum duration of sperm motility was
obtained between 100 and 300 mosmol kg' NaCl.
Although highest sperm motility observed with
CaCl: and mannitol were lower than that of
NaCl, osmolality range were similar. In contrast,
these were immotile in KCl solution at 10~800
mosmol kg'. The possibility of prolonging sperm

motility using NaCl and CaCl. was discussed.

3, WEEY 7 Z < R0EMOFULITHE 5 LA
R CUmEREAESR) - SR 7 e
SEKRPERRALSS) - PGS (i K 2 K S )
(19—26)

Physiological changes in the hatchery-reared
underyearling masu salmon (Oncorhynchus masou)
during smoltification.

Masatoshi Ban, Noboru Kasahara and Kohei

Yamauchi

Physiological adaptation to abrupt transfer to
seawater of underyearling masu salmon (Oncorhynchus
masou) reared in Mori branch of the Hokkaido
Fish Hatchery were investigated. In fresh water
rearing condition, change to silvery body color
started at mid-June and smoltification rate was
maximum (40%) at early-June. Changes in their
number of chloride cells and follicle cell height of
thyroid gland were not significantly different.

When smoltification rate was high, some smolts
could not survive after abruptly transferring to
seawater. Gill Na"-K"ATPase activity of trans-
ferred fish was highest from mid-Jun to mid-July
while serum sodium excretion activity peaked at
late-August. Results suggest that underyearling
masu salmon smolts are still not capable of

adapting to seawater.

4, MWpEY 7 T~ AV OFEALITHE 5 A F AL

o EfE CMmERZEKESRE) - 5 7 deifd
SEAREMRALYS) - PGS (b el K 27k R 2 )
(27—35)

Physiological changes in the hatchery-reared
yearling masu salmon (Oncorhynchus masou)
during smoltification.

Masatoshi Ban, Noboru Kasahara and Kohei

Yamauchi

Adaptations to abrupt transfer to seawater of
yearling masu salmon (Oncorhynchus masouw)
reared in the Mori branch of the Hokkaido Fish
Hatchery were investigated physiologically. While
still under freshwater conditions, change to sil-
very body color started at late-April with maxi-
mum smoltification rate of 91% occurring in
early-June. The number of chloride cell and
Na™-K"ATPase activity in the gill and height of
the thyroid gland follicle cells were highest from
May to early-June. Between early-April to mid-
June, 100% rate survival was attained within 96h
after transfer into seawater. The highest serum
sodium excretion activity was observed in mid-
May. These results show that seawater adapt-
ability of yearling masu salmon smolts are

highest at mid-May.

5 WEY 2 I <ALRROV T T~ AOEGINZEL
D

RAGSE— (ALHRESLKERLYS) (37—44)
Genetic variability in hatchery and natural popu-

lations of masu salmon, Oncorhynchus masou.
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Shin-ichi Ohkubo

Allelic  frequencies and genetic variability
based on 31 enzyme loci were compared between
hatchery and natural populations of masu
salmon, Oncorhynchus masou. Significant differ-
ences of allelic frequencies were observed among
natural populations of different rivers. The aver-
age heterozygosities of natural populations of riv-
ers ranged from 0.037 to 0.072, while those of
hatchery populations were 0.042 in Mori hatchery
(Mori branch of Hokkaido Fish Hatchery), and
0.061 in Kuwaiti hatchery (Kuwaiti branch of
Hokkaido Fish Hatchery). There was no evidence
of reduction in genetic variation in hatchery

populations.

6, kR EIE Y 7 Z <~ A0 & kR

BINRS CLEREERLS) - /NS 18 (ki
SEAKEEMRAEYS) - bl (ALiEE LK E R AL )
(45—52)

Migration and growth of hatchery-reared masu
salmon (Oncorhynchus masou).

Tadahide Kurokawa, Hiroshi Kojima and Kanji

Nakajima

To investigate the migration route and growth
of hatchery-reared masu salmon (Oncorhynchus
masou) in the Pacific Ocean, 9,100 vyearling
tagged smolts were released from Erimo branch
of Hokkaido Fish Hatchery into the Utabetsu
River on 4 June 1986. Forty fish were recaptured
in the coastal waters of Hokkaido and Tohoku
and in the Utabetsu River from June 1986 to
September 1987. The migration route was esti-
mated from the locations of recapture of tagged
fish as follows: The fish migrated north along
the Pacific coast of Hokkaido from June to July
1986 after seaward movement and they stayed in
waters around Nemuro Peninsula or in the
Okhotsk Sea during summer. Afterwards they

turned south and migrated along the Pacific

coast from October 1986 to January 1987 and they
stayed in waters around northern Tohoku from
February to May 1987. Though spawning migra-
tion route was not clear in this study, six tagged
fish were recaptured in the coastal waters of
Erimo in May 1987 and the Utabetsu River from
June to September 1987. Their adult return rate
was not clear in this study. Their growth in the
ocean was represented by the following equations
showing relationship between the fork Length (L)
and the months (M) after release or the body
weight (W) : L=1.941M+20.261 (r=0.838), W=0.0056L"*"
(r=0.990). Fork length of recaptured fish at the
beginning of second annual ring was estimated
by their scales. Fork length of tagged fish in
November 1986 was estimated to be around 30
cm by upper equation and estimation. The size of
returned tagged adults averaged 42.8 cm in fork
length and 1,000 g in body weight. These results
suggest that the migration route and growth of
hatchery-reared masu salmon were not different

from those of wild fish in the ocean.

7. (Ed) ERLULBRZRIEY S I AEN B3
FEOWKEINGE & MG A a %o v

NG 1 CIEHEESTREEREYS) - AR GRER
UFEERF eI RBERRERI e v 2 —) - EAEA
MBS KERESS) - BILS CILmESLKFER L)
(53—56)

(Short paper) Seawater adaptability and serum
thyroxine of yearing masu salmon (Oncorhynchus
masou) smoltified in three different process.
Hiroshi Kojima, Munehico Iwata, Mahito Miyamoto
and Tadahide Kurokawa

The serum sodium (Na) and thyroxine (T, con-
centration of yearling masu salmon (Oncorhynchus
masou) were examined with three different groups
of smolts after transfer from fresh water to
seawater (SW). A strain of masu salmon used in
the present study has been selected for greater

performance of smoltification in first and second
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year. Group N which is the majority of this
strain had smoltified in the second spring. The
second group of fish had smoltified through the
first year and reversed to parr afterward, then
smoltified again in the second spring (group R).
A group of smolts (group S) had smoltified in
the first year and maintained it until the second
spring. Three groups of masu smolts were trans-
ferred to SW (33-34%0 in salinity) in June of their
second year when the smoltification rate of this
strain reached maximum. Serum Na concentration
of group N reached 180*5.03 mEq * L" after 24
hr in SW, it came near to seawater-acclimated
level of 150-160 mEq - L' after 48 hr, and the T
level increased from 14.3+3.9 to 16.4%+2.2 ng * ml’
6hr after SW transfer, then decreased 7.3 0.4
ng * ml' at 48 hr. Group R showed the maximal
Na of 195+7.72 mEq * L' and minimal T: concen-
tration of 6.9%+2.0 ng *+ ml' at 24 hr in SW. The
earliest smoltified fish (group S) expressed the
maximal Na value of 201+£9.58 mEq * L" and the
minimal T, of 08%+0.2 ng * ml' 24 hr after SW
transfer. The Na concentration remained above
180 mEq + L' at 48 hr in SW. These results indi-
cate that the seawater adaptability of group N
and group R may appear in about June of their
second spring though the peak of the earliest
smoltified fish (group S) seems to have past in
spite of their silvery body color. External dis-
crimination with the characteristics of silvery
color on body surface and fin pigmentation did
not detected the fully smoltified fish acquired

seawater adaptability.

25435 (1988)

1, Generation of aberrant net charges of live
host cells by IHN and IPN virus infections.
D.K.Sakai (Hokkaido Fish Hatchery) (1—9)
infectious

Net charges of hematopoietic

necrosis (IHN) and infectious pancreatic necrosis
(IPN) virus particles were investigated by electro-
phoresis. THN virions were positive, and IPN
virions were negative. Actual net charges of virus
uninfected tissue culture cells (RTG-2 cells) were
determined by electrophoresis at 15°C with mini-
mum essential medium (MEM) at pH 7.0. The
net charges were neutral. The cells showed net
positive charges during electrophoresis with glu-
cose out of MEM. Mixed amino acids out of
MEM induced net negative charges. During elec-
trophoresis with MEM, the net neutral charges of
RTG-2 cells shifted to negative by the addition
of g-strophanthin and iodoacetate. The addition
of azide produced net positive charges of the
cells. As culture time was prolonged, the net
charges of IHN virus infected cells shifted from
neutral to negative. IPN virus infected cells
showed net positive charge. The results indicate
that the virus infections cause the alteration of
actual net charges of host cells. Also, these
strongly suggest that IHN and IPN virus infec-
tions are implicated in the modulation of the
electron transport chain of tricarboxylic acid cy-
cle through the metabolism of amino acids and
of glycolytic pathway through the metabolism of
glucose, respectively. This claim was supported
by the determination of ATP contents of the vi-

rus infected cells.

2, (RR@) fOERIE L RIER
PWOrsE ClbugdEsrkERLE) (11—35)
(Review) Fish immunology and immune system.

D. K. Sakai

This review comprises the following two parts:
the present status of fish immunology and
immune system. Necessity and view points for
fish immunology
1. Comparative immunology
2. Immunity and defense mechanism

(1) Nonspecific defense mechanism
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(2) Specific (immunological) defense mechanism
3. Diversity of fish immunity

4. Secondary immune response and immunological
memory

Fish immune system

1. Complement

2. Antibody

3. Lymphocytes

(1) Lymphocyte separation

(2) In vitro proliferation of lymphocytes

(3) Transfer of lymphocytes

(4) Functional heterogeneity of lymphocyte subpopulations
(5) Cytotoxic lymphocytes

4. Immunosuppression

5. Blood type of fish

The latter part states the conclusion obtained
from the studies of fish immunology only in the
Hokkaido Fish Hatchery. This is summarized by
the experimental results from 1978 to 1987.

3, O HHE LT 7 T < ADRXE L ki
P& oBAfR

Jektbeth CILHEESRFEREYS) - Vak B (e
SEARPEWREYS) (37—45)

Correlation between the fork length estimated
from scale ridges and the fecundity of masu
salmon, Oncorhynchus masou.

Takaya Kitamura and Akira Nishimura

Correlation between the estimated fork length
and the fecundity was investigated on thirty one
masu salmon (Oncorhynchus masou) caught in
the Shokanbetsu River facing Japan Sea in 1983.
Scales were collected from fifty three fish to cal-
culate the estimated fork length. Ovaries were
taken out from thirty one of these fish to count
the number of eggs. The range of actual adult
fork length was 34.5 to 64.5 cm, and the average
was 50.6 cm. Estimated fork length of 1 fish
was 8.7 to 16.6 cm in range, 12.7 cm at mean,
and that of 2° fish was 29.9 to 51.8 cm, average

was 43.2 cm. Correlation coefficient (v ) between

the adult fork length and fecundity was 0.7361.
As for estimated fork length of 17 and 2" fish,
correlation coefficients were 0.2673 and 0.5410, re-
spectively. Therefore, fecundity was considered to
have a most close relation to the fork length of
fish that have entered in the river. A test of
population correlation coefficient ( po) resulted in
the fact that the fork length at 1" had no rela-
tion to fecundity, directly. The growth rate dur-
ing the sea life of one year after sea migration
was estimated to be a main factor which influ-

enced the number of mature eggs.

4, B - < ARALEBEAR OUGE 1B T S %E
AR B OED) &R

INVRSERSE (ALHEESTKEERRALSS) - S5 RARAT (Jkisid
SEAREMRAEYS) - MR (b dE LK EE R AL )
(47—55)

Studies on the improvement of hatchery facilities
and technologies in artificial salmon propagation.
Movement and growth of chum salmon (Oncorhynchus
keta) alevins in experimental incubators having
different flooring.

Miki Kobayashi, Toshinori Iwami, and Houji
Okada

In order to develop more effective salmon
hatchery facilities as well as technologies in-
volved and thereby facilitate in producing better
quality fry, experiment was made on different,
several types of incubation channels. Namely,
movement and growth of chum salmon (Oncorhynchus
keta) during the period from artificial fertilization
to complete yolk absorption stages were studied
by using several types of incubation channels. As
a result, it was found that alevins incubated in
the “blind” type channel were more vigorous and
active than those incubated in the “gravel” type
channel. They swimmed actively against the wa-
ter flow at the upper part of the channel. The
gravel type incubation channel is the, facility

which has been used generally in Hokkaido. It’s
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bottom is covered with gravel of 3 to 4 cm in di-
ameter. Whereas the bottom of blind type incu-
bation channel is covered by window shade etc.
and is used in some areas in recent years. The
alevins in “honeycomb board” type incubation
channel were observed that they could maintain
their position much more stable than they could
in gravel type and blind type incubation chan-
nels. The bottom of “honeycomb board” type in-
cubation channel is covered by honeycomb board
and blind. The blind is the same as that of used
in the “blind” type. The stable position of
alevins observed in honeycomb board type incu-
bation channel may have been supported by ver-
tical water flow within the honeycomb board.
This is to say that the fry having yolk can be
safely kept within the honeycomb board until
they come out of it after yolk absorption stage.
Or this may be interpreted that the fish’s nature
to swim against water flow leads to otherwise
unnecessary energy consumption and this could
be avoided by honeycomb structure. The alevins
which could stay relatively calm within the hon-
eycomb board for 8 weeks after emergence
proved to grow larger than other alevins grown
in other types of incubation channels. From this
observation, it may be safe to say that the hon-
eycomb board type incubation channel would be
much more useful than the conventional gravel
type from the standpoint of producing more

healthy and quality fry.

5 V7 I<AQARRENZE 1. WFIINTBOE L
Tt kA 7 T~ 2D B TENZ DN T

INRSERSE (LB KEERRALSS) - S5 RARRT (JkidE
SEKEEMEYS) - R CbHEE LK ERRA L)
kYRR CILisESLKERESS)  (57—64)
Ecological studies of masu salmon (Oncorhynchus
masow). 1. Seaward migration of the progeny of
pond cultured masu salmon released into the
Furuu River.

Miki Kobayashi, Toshinori Iwami, Houji Okada,

and Mitsuhiro Nagata

In order to study smoltification and seaward
movement of masu salmon (Oncorhynchus masou)
in natural conditions, 139,000 underyearling
hatchery-reared masu salmon juveniles marked
with clipped anal fin, were released into the
Furuu River on 28 May, 1986. This river is lo-
cated in southwestern part of Shakotan
Peninsula, Hokkaido and flows into the Sea of
Japan. In May to July, 1987, they were captured
by cast net together with wild stocks at the sam-
pling station 800 meters upstream from the
mouth of the same river. Both of the fishes cap-
tured, namely, hatchery-reared and wild born,
were in the phase of mid-smolt or more advanced
stages. Marking with ribbon tag was made to all
the individuals of masu salmon caught during
the period from 20 May to 23 June, 1987. By com-
paring the captured numbers of smolts and also
estimated recapture rate of both of these two
groups, seaward movement pattern of each group
was estimated. Downstream migration of the
smolts of stocked (i.e.,, hatchery-reared and re-
leased) group was considerably later than that of
wild stocks. It was observed that its peak period
lies somewhere between mid to late June in the
former and early to mid May in the latter.
Though the result of tagging experiment showed
higher recapture rate of smolts in May, when
compared to that of June, in both groups, it was
observed throughout the present study period
that the recapture rate of smolts from stocked

group was generally higher than that of wild
group.

6, (K3 WFRI O & iR OB
A HFL CemESLKERALYS) - OlEE - Ceifiid
SEAREWRALYS) - BHREERE (L& STk EE WAL 55)
(65—75)

(Review) Environmental changes of Lake Toya,

with particular references on its acidification and
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neutralization.

Kazushi Imada, Tomiko Ito, and Toshio Izawa

Lake Toya, a large caldera lake located in
southwestern Hokkaido, had been affected the
acidification by waste of mines. In the present
study, we review the long-term environmental
changes of water quality and the amount of total
catches of important fishes, land-locked sockeye
salmon (Oncorhynchus nerka), Himemasu in
Japanese name, and pond smelt (Hypomesus
transpacificus nipponensis), Wakasagi in Japanese
name which were not native fishes in this lake.
Himemasu was transferred from Lake Akan into
the lake in 1893, and Wakasagi was transferred
from Kasumigaura in Honshu Island in 1926.
Both fishes had well propagated in the lake and
their commercial fisheries developed. However,
the catch of these fishes had became very poor
since 1965, because the lake water was acidified
by drainage of electric power station (EPS). Lake
water had been utilized for Sobetu EPS and Toya
EPS since 1920, 1939 respectively. Toya EPS’s
drainage was very acidic water deriving from two
sulfer mines. The pH value of lake water de-
creased rapidly as low as pH 5.0 during 1968 to
1971. Neutralizing treatment of the mine drainage
using the lime started in 1972, and the pH value
of the lake increased to pH 6.8 to 7.0 in next ten
years. The pH value, however did not exceed
over pH 7.0 as the level of other oligotrophic lake
in Hokkaido. On the other hand, the alkalinity
also decreased, and the lowest level as 0.01 meql’
was observed in 1970. After the treatment of
drainage, it increased linearly to 0.15 meql' in
1985. However, it is still low level to compare
with other oligotrophic lakes with 0.8-0.9 meql’.
The alkalinity of Toya EPS’s drainage, most
abundant influent, was 0.16 to 0.17 meqgl’ in con-
centration same as the level of this lake.
Recently, since the pH value recovered the level

in the previous condition, the catch of Wakasagi

had increased, but the amount of Himemasu is
still extremely poor. We supposed that the alka-
linity is also one of the important factors to
propagate Himemasu. Therefore, it needs to ob-
serve the variation of water quality and resources

of Himemasu in the future.

7, GEH) WP TRE LY 7 v ADEIONT
RKHEE CbisEsiKERALS) - vk B deid
SEAREERALYS) - A RFERE (LT K RERLYS)
RAsEin CLisBsiKEERALS) - bk ety (edsd
SEAREMRLYS) - A sk (b s LK EE AL )
(77—380)
(Short paper) Growth of the masu salmon,
Oncorhynchus masou, smolts reared in a sea pen.
Hiromi Ohta, Akira Nishimura, Yoshitaka Sasaki,
Yoshiharu Tamiya, Takaya Kitamura, and

Kazushi Imada

Pond-cultured type and wild type 1% masu
salmon smolts, which had been reared in hatcher-
ies until 5 months after their smoltification respec-
tively, were cultivated for 226 days in a sea pen
placed in the Otobe harbor, southern Hokkaido.
They were fed up with moist pellet throughout
the period. The growth and the survival rate of
the pond-cultured type masu salmon during the
mariculture showed a tendency to be better than
those of the wild type fish. The result suggested
that the pond-cultured masu salmon might be
more suitable for the mariculture species than

the wild type fish.

8, (H) WKE SINICHERB XUORRY 7 F<
A DUFKIEIREE & hliF

S F ClesESLKEEREYS) - e ORIEX
IKREERFZETT) - WL v OMEAKIEER AL - IR
S (EHRER K EESER)  (81—84)

(Short paper) Seawater adaptability and growth
in the hatchery-reared and wild masu salmon,
Oncorhynchus masou, after transfer to seawater.

Noboru Kasahara, Masatoshi Ban, Hiroshi
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Watanabe, and Kohei Yamauchi

After transfer of the two-year old hatchery-
reared (Mori group) and wild masu salmon
(Shokanbetsu group: wild strain in Shokanbetsu
River) to seawater (SW) with or without acclima-
tion of 1/3SW for 24hrs, their seawater adaptabil-
ity and the growth were investigated. Seawater
adaptability of Mori group assessed by serum so-
dium concentrations and gill Na™-K* ATPase ac-
tivity showed significantly lower than that of
Shokanbetsu group for 24hrs after direct transfer
to SW. However, the 24hr-acclimation of 1/3 SW
slightly improved seawater adaptability of Mori
group. Three months after the transfer, seawater
adaptability of both groups indicated the same
levels. These fish in both groups grew in SW,
showing the higher development of Mori group.

5445 (1989)

1, JeifE pE ek R O 75 A2 B Bk

REW - AR - masE 1-49)

A Checklist and bibliography of parasites of
freshwater fishes of Hokkaido.

Kazuya Nagasawa (Hokkaido Fisheries Experimental
Station),  Teruhiko (Hokkaido  Fish
Hatchery) and Shigehiko Urawa (Hokkaido Salmon
Hatchery)

Awakura

This checklist contains information on 96
named species of parasites and those not identi-
fied to the species level from 38 species (1 with
2 subspecies) of freshwater fishes from Hokkaido
Island, Japan. The 96 named species are distrib-
uted among higher taxa as follows: Protozoa-21;
Trematoda-22; Cestoidea-10;

Mollusca-2;

Monogenea-11;
Nematoda-15;  Acanthocephala-7;
Copepoda-6; Branchiura-1; and Isopoda-1. Forty
previously unpublished host-parasite-locality re-

cords are added to the faunal records, including

17 species (7 unnamed) previously unreported
from Hokkaido waters: Dactylogyrus extensus,
Dactylogyrus sp., Gyrodactylus
G.kobayashii,

G.macracanthus, G.micracanthus, Gyrodactylus

D.falciformis,
kherulensis, G.longoacuminatus,
sp.l, Gyrodactylus sp.2, Gyrodactylus sp.3,
Ancyrocephalus sp., Ancyrocephalidaegen. sp.
(Ancyrocephalus sp. ?) (Monogenea), Posthodiplostomum
sp. (Trematoda), Ergasilus hypomesi, Neoergasilus
japonicus (Copepoda), and Argulus japonicus
(Branchiura). Also, 11 new host-parasite records
are included. Records of the parasites of non-
salmonid fishes are summarized in the form of
Parasite-Host and Host-Parasite lists with ac-
companying bibliography. The Parasite-Host list,
arranged on a taxonomic basis, includes for each
parasite species its currently recognized scientific
name, synonyms occurring in the literature, habi-
tat (freshwater, brackish, or marine), site(s) of
occurrence in/on the host(s), species of the
host(s), known geographical distribution in
Hokkaido, and the published source for each
host and locality record. The Host-Parasite list
summarizes the species of parasites from each
fish species and their geographical distributions.
Two appendices provide summarized records of
the parasites of salmonids in the form of
Parasite-Salmonid and Salmonid-Parasite lists.
The following one new name combination is also
proposed: Myxobolus elliptica (Fujita, 1924) n.

comb. for Lentospora elliptica.

2, V7 I ADORAITL b2 5 FitkE & ORZEINERE
AR - A TR - SOFBE  (51—56)
Interrelation between complement and immune
response associated with maturation of masu
salmon, Oncorhynchus masou.

Kunio (Hokkaido Fish  Hatchery),
Hirotoshi Fuda (Faculty of Fisheries, Hokkaido
University), and D. K. Sakai (Hokkaido Fish
Hatchery)

Suzuki
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Complement of masu salmon (Oncorhynchus
masou) was determined by a spontaneous hemo-
lytic (SHs) activity to goldfish red blood cells
(GFRBC), using normal serum from the following
different stages of maturation: 1" parr (12
months after hatching), 1" smolt (12 months), 2*
parr (24 months), 2° pre-mature smolt (24
months), 2° mature smolt (34-36 months), and 2"
post-mature smolt (34-36 months, spent fish after
the spawning season). The SHs activity of 2°
mature smolt was higher than that of 17 parr, 1°
smolt, 2° parr and 2 pre-mature smolt. Smolt of
2" post-mature had a lower activity. The immune
response of masu salmon to GFRBC (as an anti-
gen) was investigated by the titration of hemo-
lytic antibody (hemolysin). In the kinetics of
hemolysin production, the titer appeared on day
4 or 5 and reached a peak after a week in all the
fish groups used. The peak of the titer became
higher in order of 1" parr, 2 premature smolt
and 2% mature smolt. The 2% post-mature smolt
had a reduced titer. These results show that fish,
with the exception of post maturation, enhance
both complement activity and immune response
as masu salmon matures. The enhancement of
immune response was associated with the in-

crease of complement activity.

3, THNYANAD=Y < RITHT DR MED AR
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SEARFEWRESS)  (57—62)

A difference of pathogenicity to rainbow trout,
Oncorhynchus mykiss, in THN virus strains.

Kunio Suzuki and D.K. Sakai

The cumulative mortalities of fry and large-
sized rainbow trout infected with THN (infectious
hematopoietic necrosis) virus were investigated
using two virus strains Hix-1 (that was isolated
from large-sized rainbow trout affected with
IHN) and Hsk-3 {from small-sized rainbow trout

(fry)}. Virus titers of the dead fish were also

examined. The titers were more than 10° TCID"/g
tissue. There was no difference between the virus
titers of the dead fish infected with strain Hik-1
and with Hs-3. Strain Hiz-1 brought about high
cumulative mortalities both in the large-sized fish
and in the fry; in contrast, although strain Hsz-3
showed a high mortality for the fry, it did a low
mortality for the large-sized fish. These results
indicate that the outbreak of IHN depends on
the pathogenicity of the virus strains to rainbow
trout as well as the susceptibility of fish to IHN

virus.

4, ¥ ¥ ORIRNZE R & EMNHE

RAMRAE— (AedFE LA PERLYS) (63—68)
Genetic variation and population structure of
Japanese longfin smelt, Spirinchus lanceolatus.

Shin-ichi Ohkubo

Genetic variations and population structure
among 4 river populations of Japanese longfin
smelt, Sprinchus lanceolatus, were examined by
starch gel electrophoresis. Among 20 loci exam-
ined, 4 loci were polymorphic. Average heterozygosity
of Japanese longfin smelt was 0.0021. The allele fre-
quencies was very similar among 4 populations, and
average genetic distance among 4 populations was

0.0002, which was very low value.

5, =V ARZIEIMOTHIRAESRMITONT
BT bEsikERLY) - KRHELE doifsd
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(69—175)

Short-term storage of unfertilized eggs of rain-
bow trout, Oncorhynchus mykiss.

Kouji Araya, Hiromi Ohta, and Yoshihito
Shinriki

Mature eggs of rainbow trout (Oncorhynchus
mykiss) were stored under three simple condi-
tions; Intact, eggs squeezed out from the female

abdomen were preserved in the plastic airtight
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receptacle without washing; Washed, eggs were
washed with an artificial coelomic fluid (ACF)
consisting of NaCl 155.0 mM, KCI 2.5 mM, CaCl.
2.2 mM, MgCl, 0.7 mM, NaHCO; 5.0 mM, pH 8.5,
and preserved; Incubated, eggs were washed with
ACF and immersed in ACF of equal volume to
the eggs. Eggs of each procedure were stored at
2.5°C, 5°C, 10°C, respectively, and were insemi-
nated with fresh milt at various periods of stor-
age. The washed eggs always showed superior
fertility to those of other conditions. And the
eggs incubated with ACF showed the lowest fer-
tility. The duration of fertility was decreased
with increase of temperature. In all procedures
examined, washed-2.5°C condition, in which little
change from initial fertility was observed after 48
hours of storage, was the most suitable for short
term preservation of unfertilized eggs of rainbow

trout.

6, & ATADREFIEMEIZONT
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Sperm motility of kokanee salmon, Oncorhynchus
nerka (Walbaum).

Hiromi Ohta, Akira Nishimura, and Makoto

Hatakeyama

Effects of potassium on sperm motility of
kokanee salmon was examined for determinating
the composition of an artificial seminal fluid.
When semen was diluted with NaCl or mannitol
solutions between 0-400 mOsm kg’, spermatozoa
were motile. But the sperm motility did not occur
at any KCl concentration examined (10-500
mOsm kg'). Ton concentration of seminal plasma
analyzed by atomic absorption spectrophotometer
was Na* 127.1, K* 25.1, Ca’" 1.0, Mg"" 1.1 mMI".
In artificial seminal fluid, constituting of 1.0mM
CaCl;, 1.1mM MgCl,, 5.0mM NaHCO;, and vary-
ing mixture of NaCl and KCIl of the constant

amount at 152.2mM, the duration of sperm motil-
ity was decreased with increase of KCIl concen-
tration, and reached zero at 30mM KCI. It is
concluded that the constituent of the artificial
seminal fluid for kokanee salmon is optimal as
follows, 122.2mM NaCl + 30mM KCl + 1.0mM
CaCl: + 1.1mM MgCl; + 5.0mM NaHCO:.

455 (1991)
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(Review) Microbial ecology and gene transmis-
sion of fish pathogenic bacteria in river sedi-
ments.

D.K. Sakai

This review comprises the long lasting micro-
bial survival of Aeromonas salmonicida associ-
ated with river sand, humic substances and trace
nutrients, and further describes the transmission
of A.salmonicida protease genes to interspecific,
interspecific and intergeneric aquatic bacteria in
a laboratory model of river sediments. The
mechanisms of survival and gene transmission of
A.salmonicida in river sediments are discussed
by a proposed electrostatic interactions among
bacterial cells, humic substances, and amino ac-

ids on the surface of river sand particles.
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Seaward migration of pond-cultured smolts of
masu salmon, Oncorhynchus masou-1I. Results of

experiments in 1988 and 1989.
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Akira Nishimura, Yoshiharu Tamiya, Takaya
Kitamura, Hiroyuki Sakamoto, Hiromi Ohta,

Kazusi Imada and Toshiyuki Matsubara

Investigation of seaward migration of pond
reared 17 masu salmon (Oncorhynchus masou) re-
leased into Toppu River in May 1988 and 1989
was carried out using castnets at the mouth of
the river. The peaks in seaward migration were
observed from late May to early June, though
that of natural-native fish was observed about 3
weeks before, in early May. Acquirement of sea
water adaptability shown by 48h-sea water chal-
lenge test showed good agreement in period with
the seawater migration of released fish. Delay in
the period of acquirement of seawater adaptabil-
ity is suggested to be responsible for the time-lag
observed in the period of seaward migration be-
tween natural-native fish and pond-cultured re-
leased fish. The water temperature was
suggested to be the most effective trigger on the
seaward migration of released fish, than else en-
vironmental factors such as rainfall or lunar

phase.

3, IHN VA NV ADH 2 T = AHEMI LG T3
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Differences in the virulence of IHN virus strains
to masu salmon, Oncorhynchus masou, fry and
juveniles

Kunio Suzuki and D.K. Sakai

Differences in the virulence of four infectious
hematopoietic necrosis (IHN) virus strains were
investigated by intraperitonial injections into
masu salmon (Oncorhynchus masow) fry and ju-
veniles. Used two strains Hsy-1 and Hsu-2 were
isolated from naturally occurring outbreaks of
IHN in masu salmon fry, and the other strains

Hu-1 and Hiv-2 were isolated from juveniles and

adults, respectively. In the experimental infection
at 10°C, masu salmon fry (approximately 0.8 g in
weight) showed severe mortalities of 100% within
9 days against all the virus strains used. For ju-
veniles (approximately 50 g), two strains Hsu-1
and Hsy-2 revealed lower mortalities of 45% and
40% during 30 days, although the other two
strains Hiv-1 and Huw-2 resulted in higher
mortalities of 70%. These results indicate that
IHN strain are greatly higher virulent for fry
than for juveniles and also that the virulence of
THN virus is closely concerned with the weight
(or growth) of experimentally used fish as well as

of virus-isolated fish sources affected with ITHN.

4, JEHEEILTRRNNC BT B 7 T < GO ZE )V
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etk — timEsikERALYS) (29—40)
Ecological properties of smoltification of masu
salmon, Oncorhynchus masou, juveniles in rivers
of northen Hokkaido

Kei-ichi Sugiwaka

Ecological properties of smoltification from
wild masu salmon parr to smolt were investi-
gated from 1982 through 1988 in two small rivers,
the Masuhoro River and Shimonaefutoro River
located in the northern area of Hokkaido. In both
rivers, almost masu salmon smolts migrated to
the sea in the duration of late May to late June
and the peak of seaward migration was early
June to mid June. The seaward migration of
smolts in the Shimonaefutoro River always de-
layed rather than in the Masuhoro River and,
sometimes, appeared even in July, because of
lower temperatures of the river and coastal sea
water. Smolts represented an inferiority of growth
in response to high individual densities of juve-
niles and to the shorten period of an optimal
growth temperature specific to northern small
rivers; 1 smolts including 27.7% male in the

Masuhoro River were 85 to 139 cm (mean 11.2
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cm) in fork length, while 17 smolts including
33.1% male in the Shimonaefutoro River were 8.8
to 13.3 cm (mean 10.7 cm). The cause of the
higher ratio of male 1" smolts in the latter river
was due to their inferior growth responsible for
the decrease of mature male during the past 0"
age. On the other hand, although high occurrence
rates of 2° smolts were expected from the inferi-
ority of 0" juvenile’s growth, actual occurrence
rates of 2° smolts were 9.3% to 23.8% (mean
15.4%) in the Masuhoro River and 7.0% to 21.5%
(mean 14.6%) in the Shimonaefutoro River. Such
unexpectedly low occurrence rates of 2° smolts
were brought about by the results that the strong
suppression of 07 juvenile’s growth induced a
substantial decrease in the smoltification body
length rather than an increase the smoltification
age of thereafter grown 17 masu salmon. This
shows that, to allow 0" juveniles to be prevented
from the excess of the population size of 1" small
parr in the river, seaward migration is promoted
by the smoltification of 1* smolts even though

the fish were too small to live in the sea.

5 WihEEE Y7 Z < A1 D b & BRIz
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Differentiation and the appearance ratio of 1°
precocious male of masu salmon, Oncorhynchus
masou, reared in the pond.

Takaya Kitamura

1" precocious males of masu salmon (Oncorhynchus
masou) have appeared prominently in the artifi-
cial pond in mid-April. They were distinguished
by their stout forms, dark coloration and so on.
Testis weight and gonadosomatic index of 1°
precocious male were obviously larger than those
of 1" male smolt in late April, therefore, it was
suggested that development of testis in 1° preco-
cious male took the lead before the appearance

of its external characters. Differences of fork

lengths were not recognized between these two
types until autumn of two year-old at least, but
1" precocious male was always bigger in body
weight. This fact was reflected in differences of
condition factors. It was observed that 1° preco-
cious males began to appear from spring and
emerged again from the summer on after removal
of them. The ratio of 17 precocious males to total
number of reared fish about three years from
1985 to 1987 were about 10.5~14% early in sum-
mer and 14~19% in autumn. In the year many 1°
precocious male occurred, it was a trend that the
average size of parr in last autumn was rather
small, but their growth was favorable after this.
This group was considered to had contained
many medium-sized parr in last year that would
differentiate to 17 precocious male in next year.
It seems that removal of many precocious males
will result in a high female percentage of reared

fish group and a reduction of labors for rearing.
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Genetic and morphological characters of artificial
hybrids between two species of pond smelt,
Hypomesus transpacificus and H.olidus.

Shin-ichi Ohkubo and Satoshi Kudo

Artificial hybrids between two species of pond
smelt, Hypomesus transpacificus and H.olidus
were produced to clarify inheritances of meristic
characters and isozyme patterns, and compare
them with the hybrids identified by electrophore-
sis in Lake Ishikari-furukawa and Lake Toro. All
of the artificial hybrids were heterozygous at the
isozyme loci where allele substitutions were ob-
served, and the isozyme patterns of the artificial
hybrids were identical with them of the hybrids
identified in the two lakes. In the artificial hy-

brids, the mean number of vertebrae and anal
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rays correlated to them of the maternal species,
while the mean number of pyloric caeca was in-
termediate. The pneumatic duct of the artificial
hybrids attached slightly behind the anterior end
of the air-bladder.
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Induction of triploidy by hydrostatic pressure or
heat shocks in masu salmon, Oncorhynchus
masou.

Hiromi Ohta, Yoshihito Shinriki, Noboru
Kasahara, Kouji Araya, Nobuhisa Koide and
Houji Okada

Triploidy induction by application of a
hydorstatic pressure or thermal shocks was at-
tempted in masu salmon. The number of nucleoli
in a cell was applied to the identification of the
ploidy. Hydrostatic pressure of 700 or 750 kg -
cm-2 for 6 min from 10 to 20 min after fertiliza-
tion (at 14°C) induced higher triploidy than those
of 600 or 650 kg + cm-2. The efficiency of this
method was proved in the two times large-scale
production (over 200,000 eggs, respectively) using
a 800 ml pressure cell, which contains about
5,000 eggs, and an electromotive hydrostatic pres-
sure (about 80% survival at the eyed-eggs stage
and over 90% triploidy). Two steps heat-shocks
(primary, 25°C-shock for 5 min after 5 min fertili-
zation; secondary, consecutive 29°C-shock for 20
min) also achieved good results (81% survival

and 95% triploidy).
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Ecological studies of masu salmon (Oncorhynchus
masou) II. Seaward migration of the progeny of
pond cultured masu salmon released into the
Furuu River.

Miki Kobayashi, Yutaka Murakami, Toshinori

Iwami and Houji Okada

To study the smoltification and seaward move-
ment of masu salmon (Oncorhynchus masou) in
natural conditions, the following three salmon
groups were released into the Furuu River from
1986 through 1989: hatchery-reared masu salmon
fingerlings in spring from 1987 to 1989, masu
salmon juveniles in fall from 1986 to 1989 in the
exception of 1987, and masu salmon yearlings in
spring from 1987 to 1988. Wild masu salmon cap-
tured from the river were also compared with the
migratory behavior of the hatchery-reared stock.
The onset of downstream migratory behavior in
the stocked groups was, considerably later than
that in the wild fish. Although the peaks of the
wild fish in seaward migration in the years 1988
to 1990 were observed from early to middle May
in each year, theirs peaks of the stocked groups
in the years 1987 to 1990 appeared from middle
to late June in each year. The average fork
length of wild and stocked smolts captured were
12-13cm and 12-14cm, respectively. In the stocked
groups, larger fish migrated before smaller fish
migrated, while there was not such a tendency in
wild stocks. Sex ratios were approximately 70%
female and 30% male for the wild smolts, and
55% female and 45% male for the stocked
smolts. The ratios were relatively constant during
the observed years. Thus, the difference in the
peaks of the seaward movement of wild and
stocked fish remained unchanged in the duration
of the observed years, and therefore suggesting
that a certain genetic difference between wild
and stocked fish have an influence on seaward

migration.
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Marking of otoliths by alizarin complexon in
eggs of Japanese longfin Smelt, Sprinchus
lanceolatus.

Satoshi Kudo and Noboru Kasahara

This study was carried out to determine the
optimum Alizarin complexon (ALC) concentration
and treatment time for marking eggs of the
Japanese Longfin Smelt, Sprinchus lanceolatus.
Various combinations (33 lots) of ALC concentra-
tions and treatment times were tested. Appropriate
conditions of 100-500mg -+ 1" for 12-24 hrs were
found to for marking the eggs. These results
were strongly suggested to be applied to field
surveys on the Japanese Longfin Smelt popula-

tions.

55465 (1992)
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Efficacy of vaccination with IHN virus strains on
masu salmon and rainbow trout.

Kunio Suzuki and D.K. Sakai

THN (infectious hematopoietic necrosis) virus
(IHNYV) isolated from infected masu salmon
(masu salmon isolates) and rainbow trout (rain-
bow trout isolates) induced low mortality rates in
rainbow trout and masu salmon, respectively,
while high mortality rates were produced in fish
species challenged with IHNV isolated from the
same species. To investigate the live vaccine of

IHN in the combinations of masu salmon versus

rainbow trout isolates and rainbow trout versus
masu salmon isolates, masu salmon fry (1.8 g)
and rainbow trout fry (0.8 g) infected by immer-
sion (2,000 PFU ml”, 10°C, 1hr) with the mutually
different group of IHNV strains were challenged
with immersion (2,000 PFU ml') with masu
salmon isolates and rainbow trout isolates, re-
spectively. Survival rates of challenged fry in-
creased from 37% (no vaccination as a control)
to 50-70% in masu salmon fry, and from 34% to
46-63% in rainbow trout fry. Similar effects of
vaccination (from 37% to 67-95%) were obtained
in masu salmon juveniles (100 g) challenged by
intraperitonial injection (200PFUg"'). No or only
little viral neutralizing titer was detected in the
infected masu salmon and rainbow trout juveniles
(100-150 g) up to 120 days after the vaccination.
Thus, considerable efficacy of live IHNV vaccine
was observed in alternate combinations of fish

species versus IHNYV isolates.
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Daily growth increments in the otolith of masu
salmon, Oncorhynchus masou.

Akira Nishimura and Makoto Hatakeyama

The validity of the otolith microstructure for
determination of the age in days was examined
in larval and juvenile masu salmon, Oncorhynchus
masou, by light microscopy. Rearing experiments
of juvenile fish and time-marking experiments of
juvenile fish showed that the first increment oc-
curs at the embryonic stage of eye pigmentation,
after which increments are formed on a daily ba-
sis. The hatching ring was recognized as broad
dark ring. A linear relationship between the body
length and the otolith length was observed for
hatched larval and juvenile fish. Otolith growth
increments were also observed in the otoliths of

wild adult masu salmon collected in the sea, and
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the possibility is suggested that the otolith mi-
crostructure can be utilized as an information
source of ecological events in the early life his-

tory of wild populations of masu salmon.
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Returns of adult chum salmon, Oncorhynchus
keta, in relation to preacclimation to isotonic en-
vironment.

Hiroshi Kojima, Kouji Araya, Kouetsu Yamashita,
Yoshitaka Sasaki, Mahito Miyamoto, Tadahide

Kurokawa, Sadao Matsubara, and Munehico Iwata

Effects of preacclimation of chum salmon,
Oncorhynchus keta, fry to an isotonic environ-
ment on the return of adults were investigated in
Hokkaido, Japan. One hundred thousand marked
chum salmon fry were acclimated to one-third
seawater for 8 hours and then released into
Utabetsu River in the evening on May 22, 1986
(1985-year-class) and 1987 (1986-year-class). One
hundred thousand marked control fish were re-
leased at the same time in both years. Twenty-
nine marked fry were recaptured with round haul
nets and stationary nets in coastal waters within
35 days after the release. The number of recap-
tured fry of the preacclimated group was almost
equivalent to that of the control group. However,
the numbers of return adults from the
preacclimated group were significantly greater
than those from the control (P<0.05). In 1989, 66
marked adults of the 1985-year-class were cap-
tured in Utabetsu River from September to
November, and 107 marked adults of 107 fish of
the 1985-year-class and 190 fish of the 1986-year-

class were captured in 1990. The ratios of the

preacclimation group to the control in the return-
ing adults of the 1985-year-class were 58 to 42 in
1989 and 59 to 41 in 1990, respectively. The ratio
of the preacclimation group to the control in the
1986-year-class was 56 to 44 in 1990. There was
no significant difference in the size of returning
adults between the preacclimation and the con-
trol groups. The present results suggest that the
preacclimation of chum salmon fry with diluted
seawater produces an increase of about 30% in

the number of returning adults.
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Performance of dispersion and growth of bloodstock
hatchery-reared  underyearling masu  salmon
(Oncorhynchus masou) released in Masuhoro River.
Hajime Ohmori, Toshinori Iwami, and Hiroshi

Kojima

Bloodstock (Mori-group) and wildstock (Shiribetsu-
group) hatchery-reared underyearling masu salmon
(Oncorhynchus masou) were released into Masuhoro
River on May 29, 1989 and 1990 to estimate the dif-
ferences in their dispersion and growth patterns.
The fork length of the Mori and the Shiribetsu at
the release time in 1989 was 6.6 and 5.9 cm respec-
tively. In 1990, it was 5.3 and 5.5 cm, respectively.
The Shiribetsu spread their habitat extensively
within 15 days after release, and downstream mi-
gration was superior to upstream in 1989 and 1990.
The Mori failed to make their habitat extensive,
and most of the Mori fish migrated upstream. In
1990, although there was no significant difference
in the initial size between the Mori and the
Shiribetsu, the two groups showed similar tenden-
cies to the previous year. The Mori grew from 6.6
to 7.4 cm in a mean fork length for 60 days, while
the Shiribetsu grew from 5.9 to 6.9 cm in 1989. In
1990, the increment in the mean fork length of the
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Mori was smaller than that of the Shiribetsu, and
there was a significant difference in the mean fork
length 43 days after the release. The relative
growth rate of the Mori was lower than the
Shiribetsu in 1989 and 1990. This suggests that
long-term bloodstock hatchery-reared masu salmon
lose the perfect performance of dispersion and

growth in river.
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PBE—H7 (31—34)

Jaws and suspensorium in three Tribolodon Species
(Cyprinidae).

Kazuaki Naito (Hokkaido Fish Hatchery)

The jaws and suspensorium in three Tribolodon
species are described. The results of comparative
osteology are relatively uniform except for following
two characters, presence or absence of the process
of the hyomandibular and angle of the anterior
suspensorium. In these two characters, T.brandti
and T.ezoe share the same character states. The
significance of the two characters is considered

from morphological and functional viewpoints.
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(Short paper) Induction of tetraploidy by two-step
heat shock in rainbow trout, Oncorhynchus mykiss.

Hiromi Ohta and Yoshihito Shinriki.

Tetraploidy induction by suppression of the 1st
cleavage of the egg was attempted in rainbow
trout. Eggs were fertilized with normal spermatozoa
and maintained in 8.3-8.5°C water. Three different
temperatures of two-step heat shock (primary, 20
‘C-shock for 5 min; secondary, consecutive 25, 27,
or 29°C shock for 25 min) were applied at 5C—h
(in cumulative temperature) intervals from 35 to 70

‘C—h after fertilization. A significant decrease in

survival rate at the eyed stage was observed when
25 or 27°C shock were initiated 40-55°C—h after fer-
tilization. The 27°C shock initiated at 55°C—h and
70°C—h induced high rates of tetraploidy (24.0%
and 21.1%, respectively). The 29°C shock resulted in
0% survival irrespective of the timing of the
shocks. The results showed that the two-step heat
shock, treatment of 20°C for 5 min followed by 27
°C for consecutive 25 min initiated at 55°C—h after
fertilization, induced suppression of the 1st cleav-

age of the rainbow trout eggs.
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(Short paper) Genetic Differentiation of Juvenile
Masu Salmon (Oncorhynchus masou) in the
Yurappu River.

Shin-ichi Ohkubo

Genetic relationships among tributary popula-
tions of juvenile masu salmon, Oncorhynchus
masou, in the Yurappu River were investigated by
starch gel electrophoresis. A clear difference in al-
lele frequencies was observed at the PGM-1* locus
between the Saranbe River population and other
tributary populations. The genetic distance between
tributary populations calculated from the allele fre-
quencies at 29 loci indicates that the Saranbe River
population is distinct from the other tributary
populations. This suggests that there are two ge-
netically different populations of juvenile masu

salmon in the Yurappu River.
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Occurrence of a freshwater digenean,
Dimerosaccus oncorhynchi (Opecoelidae), in masu
salmon (Oncorhynchus masou masou) caught at
sea.

Takeshi Shimazu (Nagano Prefectural College)
and  Teruhiko (Hokkaido  Fish

Hatchery)

Awakura

The digenetic trematode previously reported by
Awakura (1989) as Allocreadium sp. from the di-
gestive tract of juvenile and maturing masu
salmon (Oncorhynchus masou masou) taken from
the Sea of Japan off central Honshu and north-
ern Hokkaido and Sea of Okhotsk off northern
Hokkaido, Japan, proved to be the adult of a
freshwater species, Dimerosaccus oncorhynchi
(Eguchi, 1931) Shimazu, 1980 (Opecoelidae:
Plagioporinae). It is described and figured. Its
origin and usefulness as a potential natural tag
for ecological studies on masu salmon in the sea

are briefly discussed.

2, dHEEMENRE CLEE A 2B 5P HE
IR o7 Z 2 o N B

WK (bgEsikEmLY)) - Eivfnk (Bl dt
HE ST PR EERERYS)  (T—14)

Plankton environment during the release of juve-
nile chum salmon, Oncorhynchus keta, into the
coastal area off Mashike, Japan Sea, northern
Hokkaido.

Hiroki Asami and Kazuo Hirano

Plankton and its environment were investigated
during the release of chum salmon, Oncorhynchus
keta, from 1990 to 1992 into a shallow coastal

area of northern Hokkaido, Japan Sea. Water

temperature increased from March to May, and
water specific gravity dropped sharply between
late March and early April of all three years.
This would suggest water inflow from terrestrial
area. In 1990, water temperature from February to
March was higher (>5°C) and the period of low
water specific gravity (<25.0) shorter than in 1991
or 1992. Phytoplankton biomass (chlorophyll a)
remained between 0.1-2.0 pgl' during three years
and the timing of the peaks was associated with
the supply of nutrients brought by the inflow of
terrestrial water. Total zooplankton density fluc-
tuated between 10 to 2600 inds. m® from 1990 to
1992. Harpacticoid copepods (mainly Harpacticus
uniremis), an important prey of juvenile chum
salmon, were predominant in 1991 and 1992 but
very low level in 1990. This may have been due
to the high temperature and weak influence of

terrestrial water in 1990.

3, ZRERNINCRIT DN Z 7 b~ AMEFa D i i T8
Ve R (ILHRBESLARPERMES) - IIF=2hi (b
TENLKPERRLSS) - RS uimE DR R R S
trx—) (15—20)

Downstream migratory behavior in wild pink
salmon in Nikanbetsu River.

Yoshitaka Sasaki, Kouetsu Yamashita and Kanji

Nakajima

Downstream migratory behavior in the wild
pink salmon, Oncorhynchus gorbuscha, in relation
to environmental factors was investigated in 1988
and 1989 at Nikanbetsu River, located in south-
ern Hokkaido. The numbers of descending fry
caught at the mouth of the river with a fish trap
showed downstream migratory behavior from late
April to late May of both years. Water tempera-
ture of the river started to rise during this pe-
riod. No differences in range and mean of body
weight could be found among fry caught from
late April to late May. Most of the descending
fry was caught from dusk (6:00 p.m.) to early
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morning (8:00 a.m.). Particularly the large num-
bers of the fry were caught at night just after the
rise of the amount of flowing water caused by
rainfall and melted snow. The result suggest that
volume of flowing water in addition to water
temperature and darkness are important environ-
mental factors for the onset of downstream mi-

gration in wild pink salmon.

4, RIS BT 7 b= ATB LU, HefaDifEk
BISRED S8 L NRE 7 F Aoy DAL

R S CbigESLKPERLYS) - AR (e
WILRBERLSE) - 2 B (GRRUKEERY) - ity
IR (Fp oK EERFFERT) (21— 26)

Changes in sea water adaptability and lipid class
content during early development of pink salmon
Oncorhynchus gorbuscha (Walbaum).

Noboru Kasahara, Yoshitaka Sasaki, Baeik Lee

and Hiroshi Nakano

Changes in lipid and water content in the body
following transfer from fresh to sea water were
measured during egg and larval stages of the
pink salmon, Oncorhynchus gorbuscha. Water
content after transfer to sea water decreased be-
fore absorption of yolk. But after this absorption,
water content after transfer did not decrease. The
fish lived for 48 hours after transfer. Triglyceride
content decreased rapidly after hatching, and
when swimming and feeding first started, it in-
creased accompanied by decrease in phospholipid
content. Triglyceride content increased after ab-
sorption of the yolk to a body size of about
40mm. Phospholipid content increased for a while
after absorption and continued to do so at the
same rate. Free fatty acid content increased at
the start of swimming and absorption of the
yolk, and increased with growth. Based on these
results, We could be estimated that the acquire-
ment of osmoregulation of pink salmon was con-
cerned with changes in lipid class content and

the smoltification started in a body size of about

30mm.

5 Ca#) dubEOMENRRETHRES LY Z
< ADBIBHIHLAZIT DN T

RARE— (AeiBSRERLS) - MRS bl
TESLRPERMEYS) (27—31)

(Short paper)Allele frequencies of masu salmon
(Oncorhynchus masou masou) collected from the
Kamoenai area, Hokkaido.

Shin-ichi Ohkubo and Miki Kobayashi

Masu salmon, Oncorhynchus masou, from the
Kamoenai area in Hokkaido were analyzed by
starch gel electrophoresis. Allele frequencies at
the PGM-1* locus of samples collected in
December, 1987 and 1988, were significantly lower
than in river populations of Hokkaido. It would
thus appear that some populations of masu
salmon that migrate to the Kamoenai area in
December are distinct from those originating in
Hokkaido.

55485 (1994)

Feak - deimE I BT B WK SO A A R & PN (B9
LW OESR

Special issue: Recent advances in research on
parasites and diseases of freshwater fishes in

Hokkaido.

1, £x23% (Preface)
Leo Margolis (1—2)

2, JeiEEIC R D fIHEIZE D SE R

KAEA (3—10)

History of fish pathology in Hokkaido.

Takahisa Kimura (Laboratory of Microbiology,
Faculty of Fisheries, Hokkaido University)

Fish disease research at Hokkaido was initi-

ated at the beginning of this century by Dr. T.
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Fujita. His research subject was principally fish
parasitology, and he was a pioneer of this field
in Japan. In 1937, he published the first textbook
of “Fish Pathology” in Japanese. Fish disease re-
search, including microbial diseases, was contin-
ued by Dr. S. Takeda. Unfortunately research of
this field was interrupted during World War IL
But in 1963, Kimura and his colleagues reiniti-
ated research in this field and work was princi-
pally on bacterial and viral fish diseases. The
activities increased continually until the present.
Now, stuffs at Laboratory of Microbiology,
Faculty of Fisheries, Hokkaido University, and
Fish Diseases Prevention Section, Hokkaido Fish
Hatchery, and Fish Disease Laboratory, Hokkaido
Salmon Hatchery are continuing the fish disease
researches. In this paper, history of fish pathol-
ogy, especially bacterial and viral fish disease, in

Hokkaido were introduced.

3, ALHEE I D WK SO T A R O JE R AR
ez 11-14)

Historical review of parasitology of freshwater
fishes in Hokkaido.

Teruhiko Awakura (Hokkaido Fish Hatchery)

Hokkaido is the principal site of producing
Pacific salmon (Oncorhynchus spp.) in Japan.
Salmonids and other freshwater fishes are re-
leased into lakes and rivers, and pond culture of
freshwater fishes is conducted. On the basis of
such a background, fish parasitology has a long
history in Hokkaido and research has focused on
the parasites of salmonids. In 1889, the first pa-
per on parasites of freshwater fishes was pub-
lished by Professor Isao Ijima of the University
of Tokyo. From 1904 to 1941, Professor Tsunenobu
Fujita of the Hokkaido University published
many papers on myxozoan and helminth para-
sites from fishes of Hokkaido and nearby oceanic
waters. He published “Fish Pathology” , the first

textbook in this scientific field in Japan. From

the 1950’s to the present, a number of papers
dealing with parasites of freshwater fishes have
been published in Hokkaido. Although much in-
formation has been accumulated, many problems
still remain unsolved: taxonomic problems still
exist and the life cycles and transmission of
many parasites are to be worked out with in-
volvement of freshwater fishes. The author hopes
that young researchers solve those problems in

the near future.

4, JLHREITRIT DUAKMDT A N A

#HA AP (156—24)

Viral diseases of freshwater fishes in Hokkaido.
Mamoru Yoshimizu (Laboratory of Microbiology,

Faculty of Fisheries, Hokkaido University)

Infectious hematopoietic necrosis virus (IHNV)
and infectious pancreatic necrosis virus (IPNV)
were isolated in 1971 and 1972 in Hokkaido,
Japan. Since then, three new viruses have been
isolated in Hokkaido. These included the
Oncorhynchus masou virus (OMV), chum salmon
virus (CSV), and retrolike virus of salmonids
(RLVS). The causative agent of viral erythrocytic
necrosis (VEN) was observed by electron micros-
copy. IHN and OMV infection of rainbow trout
are major problems and cause economic losses in
Hokkaido. No viral disease was reported in other
freshwater fishes and no virus was isolated from

other freshwater fishes.

5, W< RHMIR DI & 2 DIRFERIN Y A L
RS B P

YRR - $aARHR - SEHE (25—31)
Ontogenesis of salmonid complement and its
nonspecific defense to viral infections.

DK. Sakai (Hokkaido Fish Hatchery), Kunio
Suzuki (Hokkaido Fish Hatchery), and Teruhiko
Awakura (Hokkaido Fish Hatchery)

The incidence of viral diseases from 1976
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through 1984 in Hokkaido, was investigated in
fish farms and hatcheries of rainbow trout, coho
salmon, chum salmon, masu salmon and/or sock-
eye salmon. Infectious hematopoietic necrosis
(IHN) virus was isolated from 33 out of 201 fish
farms. Infectious pancreatic necrosis (IPN) virus
was isolated from 3 farms. The viruses were de-
tected exclusively from fry and coelomic fluid (of
matured fish). Juveniles and adults resulted in no
virus detection. Chum salmon fry had no virus.
The results showed a difference in the defense of
fish to the viruses. Complement activity first ap-
peared on 5 and 6 months after hatching in sera
of masu salmon and rainbow trout fry, respec-
tively. Three-month-old chum salmon fry already
had a high complement activity, comparable to
that of the juveniles. The coelomic fluid of those
matured fish had no complement activity, though
the serum showed a high complement activity.
Serum from juveniles and adults showing high
complement titers had an antiviral action espe-
cially to IHN virus. In the experimental IHN and
IPN virus infections, chum salmon fry having
high complement activity showed low mortality.
Rainbow trout and masu salmon fry having no
complement activity were high mortalities. The
results indicate that complement have an
antiviral action involved in the nonspecific de-

fense mechanisms of salmonid fish.

6, 1RQthEMgssstiE (IHN) 37 RlficRsy
Syl & FRREER M I B B MR

#ARIBIR (33—37)

Infectious hematopoietic necrosis (IHN): an over-
view of virulence and species specificity in
salmonids .

Kunio Suzuki (Hokkaido Fish Hatchery)

Infectious hematopoietic necrosis (IHN) was
considered to be a disease of salmonid fry and
early juveniles. Recently, outbreaks of IHN in

larger fishes and high host-specificities of ITHN

virus strains have been reported in Japan and
USA. However, mechanisms of different virulence
of virus strains dependent on fish size and host
fish species are not completely understood. The
different virulence of IHN virus strains, suscepti-
bility of virus strains to defense mechanisms of
fish and development of live vaccine were re-

viewed.

7, ACHEEIZRIT 2 PR OB PPN

R — (39—46)

Bacterial diseases of freshwater fishes of
Hokkaido.

Tetsuichi Nomura (Research Division, Hokkaido

Salmon Hatchery, Fisheries Agency)

There are some excellent reviews of diseases
occurred in Hokkaido and in these reviews, soft
egg disease (or soft shell disease), furunculosis,
bacterial gill disease and bacterial kidney disease
were recorded as the bacterial diseases occurring
in freshwater fishes in Hokkaido. In this report,
the author wants to make a review only about
the etiological conditions in these four diseases:
soft egg disease, furunculosis, bacterial kidney
disease and bacterial gill disease. Soft egg dis-
ease was the oldest disease reported in Hokkaido
and many reports pointed out that the disease
was bacterial disease. Many reports of furunculosis
were published and etiological condition of the
diseases was revealed by these reports. BKD is
serious disease in Hokkaido, because the disease
is distributed widely and there is no effective

control method now.

8, dLimEICI T 2 K I D U

AR - SEHE (47—58)

Protozoan diseases of freshwater fishes in Hokkaido
Shigehiko Urawa (Research Division, Hokkaido
Salmon Hatchery, Fisheries Agency of Japan) and
Teruhiko Awakura (Hokkaido Fish Hatchery)
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Twenty-nine species of parasitic protozoans (2
flagellates, 1 apicomplexan, 4 microsporidia, 17
myxosporidia, and 5 ciliates) have been found in
freshwater fishes of Hokkaido, northern Japan.
These species include important disease agents
of cultured and wild fishes, such as Ichthyobodo
necator, Microsporidium takedai, Chilodonella
piscicola, and Trichodina truttae. This paper pro-
vides biological information on the life history,
pathogenicity, and control of protozoans infecting

freshwater fishes in Hokkaido.

9, AbifEiE DPAK AU HES 2 RS

/M (59—67)

Monogenean parasites of freshwater fishes of
Hokkaido, Japan.

Kazuo Ogawa (Department of Fisheries, Faculty

of Agriculture, the University of Tokyo)

Eleven identified and more than three unidenti-
fied monogeneans parasitic on freshwater fishes
of Hokkaido, Japan have been reported, including
four species, viz. Ancyrocephalus cruciatus,
Tetraonchus alaskensis, Gyrodactylus longoacuminatus
and G.micracanthus, first reported from Japanese
fishes in this paper. The number of unidentified
species of Gyrodactylus from six species of fishes
could not be determined, and are listed as

Gyrodactylus spp. Oncorhynchus nerka is a new

host for Gyrodactylus masu.

10, JbHEEREG K ST AT 2 il R A GRRER)
B i (69—178)

Adult digenetic trematodes parasitic in freshwa-
ter fishes of Hokkaido, Japan: a review.

Takeshi Shimazu (Nagano Prefectural College)

Freshwater species of adult digenetic trematodes
known from freshwater fishes in Hokkaido, Japan,
are classified into 13 named species (11 valid and
2 questionable) and 1 unidentified species in 6

genera. These genera plus 1 additional species of

an undetermined genus belong to 4 families. They
are listed with their figures and the published and
unpublished information on their synonyms, loca-
tions, hosts, localities, and records. A key to these
species is given. Possible future studies of the
adult digenetic trematodes of freshwater fishes in
Hokkaido are discussed. A host-parasite list is at-

tached.

11, JbiEE OB BIZH T B S dUl

HEHE (19—82)

Cestodes of freshwater fishes of Hokkaido.
Teruhiko Awakura (Hokkaido Fish Hatchery)

Ten named species and 11 or more species that
were not identified to the species level have been
reported from freshwater fishes of Hokkaido.
This note is intended to summarize information
on the Cestoidea of freshwater fishes and par-
ticularly on Diphyllobothrium nihonkaiense and

Digramma interrupta in Hokkaido.

12, JLHREORKBBUCHFET D H A T e =7 34
KEfIth (83—85)

Parasitic copepoda and branchiura of freshwater
fishes of Hokkaido.

Kazuya Nagasawa (National Research Institute

of Far Seas Fisheries, Fisheries Agency of Japan)

Eight species of parasitic crustaceans (seven
Copepoda and one Branchiura) have been re-
ported from freshwater fishes of Hokkaido.
Information on the hosts, distribution, and
pathogenicity is given for individual species.
Research to elucidate the fauna of freshwater
parasitic crustaceans in this island is needed for
biogeographical comparison between Far Eastern
Russia, Honshu, and Hokkaido.

13, () T AR, BRI OY /A 265
BIIY Y73
Rl - R - A R 8 (95—97)
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(Short paper) Pheirus salmonis (Copepoda:
Caligidae) from white-spotted charr (Salvelinus
leucomaenis), juvenile chum salmon (Oncorhynchus
keta), and Japanese dace (Tribolodon hakonensis)
from northern Japan.

Kazuya Nagasawa (National Research Institute
of Far Seas Fisheries, Fisheries Agency of Japan),
Tatsuya Takami (Hokkaido Fish Hatchery, Makkari
Branch) and Yutaka Murakami (Hokkaido Fish
Hatchery, Makkari Branch)

The salmon louse (Lepeophtheirus salmonis)
was found on the body surface of white-spotted
charr (Salvelinus leucomaenis) and Japanese dace
(Tribolodon hakonensis) caught in the Furuu
River, western Hokkaido, Japan. These findings
of L.salmonis constitute new host records.
Lepeophtheirus salmonis was also found on the
body surface of juvenile chum salmon (Oncorhynchus
keta) caught in the western North Pacific Ocean
off the east coast of Aomori Prefecture, Japan.
This is the first record of L.salmonis infection of
Japanese salmonid juveniles in their early ocean

life-history stage.

14, (wisl) WKRBIEBOR L 721+9 2 Z < A DRk
I~

PE—I] (bHEid LR EREYS)  (99—100)

(Short paper) Upstream migration of 1+ masu
salmon (Oncorhynchus masou) released in coastal
waters.

Kazuaki Naito

Two coastally released masu salmon (Oncorhynchus
masou) were recaptured in the river adjacent to
the release point 110 days after release. The two
fish were both male. One had matured, and the
other had not. Although the actual process is un-
clear, the upstream migration of coastally re-

leased masu salmon is noteworthy.

5495 (1995)
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Seaward migration of domestic, wild origin and
interstrain hybrids of masu salmon (Oncorhynchus
masou).

Tatsuya Koyama and Mitsuhiro Nagata

Masu salmon (Oncorhynchus masou) juveniles
from domestic, wild strains and their interstrain
hybrids with different fin-clippings were released
into the Kokamotsu River of southwestern
Hokkaido in spring 1988 and/or 1989 to compare
the timing of seaward migration among them.
Domestic masu salmon were the progeny of suc-
cessive generations of domestication at the Mori
branch of the Hokkaido Fish Hatchery. The ori-
gin of this strain mainly came from the Tohoro
River of easternmost Hokkaido in the 1960’s.
Wild masu salmon originated from spawners in
the Shiribetsu River, which is about 150 km
straight north of the Kokamotsu River.
Interstrain hybrids were obtained from a cross
between Mori domestic females and Shiribetsu
wild males. The released fish smolted and mi-
grated to the sea the following spring. The peak
of seaward migration of wild smolts as well as
Kokamotsu native smolts was from late April to
early May. In contrast, the peak of domestic
smolts was from early to middle June, one month
later than those of wild and native smolts. Most
hybrids migrated from middle to late May, be-
tween the migration of domestic and wild strains.
The results suggest that the timing of seaward
migration of masu salmon from the river is

mainly controlled by a genetic factor.

2, VU T < AOWHEEEIIIZR I S EENE 1.
Z0 BN ITRIT 2 R & R RAL R & Rl oA
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Early life ecology of masu salmon (Oncorhynchus
masou) in marine environments. 1. Migration and
distribution in the coastal waters of Erimo,
Hokkaido, Japan.

Hirofumi Hayano

Juvenile masu salmon (Oncorhyncus masou)
were collected by set nets to investigate migra-
tion and distribution in the coastal areas of
Erimo in spring, 1994. Juvenile masu salmon ap-
peared in mid-May when the water temperature
rose to 5°C. The number of captured juveniles
reached a peak from late May to early June at
water temperatures of 8~12°C, and then gradu-
ally decreased till late July when the water tem-
perature rose to more than 14°C. The appearance
of juveniles was thought to be intensively de-
pendent upon water temperature. Frequency dis-
tributions of fork lengths of juveniles could be
divided into large, middle and small size groups
by a probability graph paper method. It was
found that smaller juvenile masu salmon were
distributed near the shore, while larger juveniles
migrated offshore within 300-2500m. The results,
therefore, suggests that the difference in the dis-
tribution of juveniles is associated with their
body sizes. From loading identification marker
tags, it was found that caught juvenile masu
salmon mixedly inclued fish released from differ-
ent regions (Japan sea, Pacific Ocean of Honshu,

and the South Pacific coast of Hokkaido).

3, JuifEERENGHICIS T DR T T v 7 b bR
DA 7 v

B LB AREER L) - AWk (eiid
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BHREBE CeimEsikERALYS) (17—23)

Seasonal cycles of phytoplankton and nutrients
in Lake Notoro, eastern Hokkaido, Japan.

Hiroki Asami, Kazushi Imada, Ryohei Yasutomi

and Toshio Izawa

Lake Notoro, located in eastern Hokkaido, is
important for Hokkaido inland fisheries. Seasonal
cycles of phytoplankton associated with physical
and chemical environments were studied from
May 1991 to April 1992, Phytoplankton spring
blooms composed of diatoms were observed un-
der the surface layer of less saline water (<32.4)
after ice covered periods, however, completely ter-
minated in early summer. Nutrient conditions
(N/P ratio) under ice and nitrate concentrations
in spring may play important roles in the spring
blooms. The occurrence of Dinoflagellatae blooms
(predominant Prorocentrum spp.), corresponding
with the inflow of high saline water (>33.4) origi-
nating from the warm Soya sea current, was
found from summer to autumn. When water tem-
peratures dropped and silicate concentrations in-
creased in late autumn, silicoflagellates (mainly
Distephanus speculus) began to grow and
reached a maximum in early winter, in spite of
low cell density (10" cells m®) in comparison with
diatoms and dinoflagellate blooms (106 cells m?).
Thus phytoplankton successions were thought to
be intensively dependent on nutritional and

physical environment factors in Lake Notoro.

4, MEHANE REW, semadl, FFEL BRERH)
DR B BREE DFFL
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MR ER RALE) - DRBE— GERSER RS
(25—36)

Chemical characteristics of four brackish lakes in
Abashiri, northern Hokkaido.

Ryohei Yasutomi, Kazushi Imada, Toshio Izawa,
Shigeki Sakazaki, Toshifumi Kawajiri, and
Kouichi Kobayashi

There are four different types of lakes in
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Abashiri City. We attempted to make a compari-
son between lake types and water quality in
1991. Lake Notoro was oligotrophic and had sta-
ble saline conditions. On the other hand, Lake
Abashiri, Lake Tofutsu and Lake Mokoto were
eutrophic and had irregular and variable salinity
and water qualities. Chemical parameters in
these lakes were affected by their influx, espe-
cially humic acid. COD correlated to the optical
density of ultraviolet absorption at 220 nm and
240 nm (p<0.001). The river water flowing into the
lake water also influenced the water quality and
inflow of nutrients, for example, nitrate, phos-
phate and silicate. In Lake Notoro, the blooming
of phytoplankton in early spring was caused by
these influent nutrients that were accumulated
under the ice. In 1991, from summer to autumn,
we found photosynthetic bacteria, one of the
chlorobiaceae, in Lake Abashiri at the boundary
of the low saline and high saline layers. This
bacterial layer broke the upward diffusion of
high concentration of phosphate in saline water.
The N/P ratio, estimated from total nitrate and
total phosphates, varied in a wide range. The ra-
tios in Lake Notoro were almost constant be-
tween 3 to 10, but those of the other lakes
alternated from 2 to 100. From the results, Lake
Notoro had constant biological production but
the others did not. The investigation suggested
that horizontal diffusion and water conditions are

very important in these blackish lakes.

5, MAETANE (REW, AemaH, HEbE. BRI
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Lake basin and saline environments profiles of
four brackish lakes in Abashiri, northern
Hokkaido.

Kazushi Imada, Sigeki Sakazaki, Toshifumi
Kawajiri and Kouichi Kobayashi

Abashiri City, Northern Hokkaido of Japan,
has four brackish lakes producing a lot of com-
mercial scallop, pond smelt and oyster. Lake
Notoro, Lake Abashiri, Lake Tofutsu and Lake
Mokoto are covered with ice from December to
early April every year. Their surface areas are
58.5, 32.9, 8.0 and 1.1 km® respectively. They also
have wide drainage areas. The ratios of their
drainage areas to their surface areas are 4, 43, 16
and 164 times, respectively. These lakes have dif-
ferent salinities caused by the width of the drain-
age area. Lake Notoro had a constant salinity of
33 from summer to autumn, but in winter and
early spring the surface layer under the ice was
less than 30.3 to 31.5 because of dilution by the
inflow of river water. Lake Abashiri had two
separated layers. The surface layer (0 to 5 m)
showed low salinity of 2 to 3, and the bottom
layer (5 to bottom) maintained a high saline level
(about 20) in all seasons. This high saline layer,
about 45% of the lake volume, did not contain
dissolved oxygen. This stable layer had an influ-
ence on the water quality of the upper layer. In
Lake Tofutsu and Lake Mokoto, the salinity of
surface water varied widely from 0.1 to 30. In
winter, river water produced a very thin layer un-
der the ice, whereas at the bottom of Lake
Mokoto salinity was constantly about 32. The
residential time of Lake Notoro was 3.4 years
long, while Lake Abashiri, Lake Tofutsu and
Lake Mokoto were only 0.1 or 0.2 year. Lake
Notoro was oligotrophic but the other lakes were
eutrophic. Therefore, the drainage area of these
lakes correspondingly affected their salinity and
water quality resulting in the changes in fishery

production.
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Process of biological productivity in oligotrophic
Lake Akan-Panke, Hokkaido Japan. (1) Comparison
of physical and nutrient factors of the lake envi-
ronment.

Ryohei Yasutomi, Kazushi Imada, Hiroshi

Kawamura, Toshio Izawa, Jiro Arisue, Shuji Hino

and Hidetoshi Mikami

The process of a biological productivity in
oligotrophic Lake Akan-Panke was studied from
May 1992 to March 1994 to clarify the high catch
efficiency of kokanee salmon in this lake. The
characteristics of Lake Akan-Panke were esti-
mated by physical and nutrient factors, and were
compared with those of Lakes Toya and Shikotsu
from a view point of biological and fishery pro-
ductivity. As concentrations of nutrients (nitrogen
and phosphorus), COD (chemical oxygen de-
mand), and dissolved oxygen, and the pH value
did not vary as compared with the literature of
Akan-Panke, the

oligotrophic state of the lake was maintained the

previous data of Lake

same as the past natural and water environ-
ments. However, the results did not support the
high catch efficiency of adult kokanee salmon in
Lake Akan-Panke, and differed from Lakes Toya
and Shikotsu. To clarify the high productivity of
the oligotrophic lakes, it is necessary to study
the metabolism of organic and inorganic matter,
and the ecosystem of microorganisms maintained

in the lakes.
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(Short Paper) The first recovery of tagged masu
salmon (Oncorhynchus masou) in waters offshore
of The Sea of Okhotsk.

Kazuaki Naito (Hokkaido Fish Hatchery) and

Yasuhiro Ueno (National Research Institute of

Far Seas Fisheries)

A tagged domestic masu salmon released from
southwestern Hokkaido was recovered from wa-
ters offshore of the Sea of Okhotsk. This paper
is the first record of the masu salmon in the area

that originated in Japan.
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Recovery of wild masu salmon, Oncorhynchus
masou, by tagging experiment.

Yasuyuki Miyakoshi, Shin-ichi Ohkubo, Yoshihito
Shinriki, and Ken-ichi T. Suzuki

Tagging experiment of wild masu salmon
smolts was performed in the Shokanbetsu River
and Nobusha River, northwestern Hokkaido.
During May and June of 1993, wild masu salmon
smolts in the downstream run were captured by
cast nets, tagged on the base of the dorsal fin
using ribbon tags, clipped in the adipose fin, and
released. 1,259 smolts were released during the
course of this study. In the following year 28
tagged masu salmon were recaptured in the
coastal waters of Hokkaido and in their natal

rivers. The recovery rate of tagged fish was 2.2%.

9, (E#) JLuEER vEIR H AR RIS 1) 5 5%
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SEIKEEMRAEYS) (67—68)

(Short paper) Notes on zooplankton and feeding
habits of juvenile chum salmon (Oncorhynchus
keta) in the Japan Sea coast of southwestern
Hokkaido.

Naoyuki Misaka and Kazuaki Naito
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Feeding habits of released chum salmon
(Oncorhynchus keta) juveniles and the occurrence
of coastal zooplankton were investigated along
the coast of Taisei, the Japan Sea coast of south-
western Hokkaido in 1994. Most of the zooplankton
were copepods in the coastal water. The number
of copepods increased from early April, reached a
peak in the middle April, and quickly decreased.
When the number of zooplankton from the stom-
ach were counted using chum salmon juveniles
captured at the Ainumanai Fishery Port, Kumaishi,
about 18km southeast of Taisei, copepods and
polychaetes were predominant, which differed

from the composition of coastal zooplankton.

2505 (1996)
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Assessment of hatchery origin and wild masu
salmon (Oncorhynchus masou) smolts in the
Masuhoro River, 1995.

James R. Irvine (Fisheries and Oceans, Pacific
Biological Station), Miyakoshi
(Hokkaido Fish Hatchery), Hirofumi Hayano
(Hokkaido Fish Hatchery), Makoto Fujiwara
(Hokkaido Fish Hatchery), Kei-ichi Sugiwaka
(Hokkaido Fish Hatchery), Mahito Miyamoto
(Hokkaido Fish Hatchery), and Mitsuhiro Nagata
(Hokkaido Fish Hatchery)

Yasuyuki

In the fall of 1994, juvenile masu salmon were
stocked in the Masuhoro River in northern
Hokkaido. In the spring of 1995, a mark-
recapture study was undertaken to estimate the
numbers of surviving hatchery origin and wild
masu salmon smolts. A partial fence was in-
stalled in the Masuhoro River a short distance

above the Soya Branch Hatchery to catch fish for

marking. To sample migrating smolts below the
partial fence, a rotary screw trap was operated
14.8km downstream. Population estimates were
generated using the statistical package SPAS
(Stratified Population Analysis System) described
by Arnason et al. (1996). Maximum likelihood es-
timates of the total number of smolts, the num-
ber of wild smolts, and the number of hatchery
origin smolts (95% confidence intervals in brack-
ets) were 32,837 (19,327, 46,347), 49,369 (23,865,
74,872), and 2,647 (1,367 and 3,928) respectively.
In order to increase the accuracy and precision of
estimates in the future, the sampling efficiency at
each site should be increased, and the period of
time that the traps operated should be extended,

especially at the downstream site.

2, BEEIRLWESITIN B 2 2 T < ZG Dl
HIHME— (uimESiKENALYS) (17—28)

Apparent movement patterns of juvenile masu
salmon (Oncorhynchus masou) in the coastal wa-
ters near Cape Erimo, Hokkaido, Japan.

Shuichi Mano

Although some aspects of the migration and
resulting distribution of juvenile masu salmon in
the coastal waters near Cape Erimo are reasona-
bly understood, many aspects are not. Juvenile
masu salmon were collected from two sampling
areas near Cape Erimo from May to July, 1995.
The author compared results obtained previously
from the western area of Cape Erimo with results
obtained during 1994 at the same location. As
well, the abundance of juvenile masu in 1995 was
compared between the western and eastern areas.
During the investigation, 887 juveniles were col-
lected from the western area, and 39 juveniles
were collected from the eastern area. The peak in
the number of juveniles in the eastern area was
about 10 days later than the peak in the western

area. The author concludes as juvenile masu
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salmon grow, they move to the east, resulting in
a migration past Cape Erimo as well as move-

ment to offshore and/or deeper water.

3, VI I ARKMLIURADOEEER I v ) —
RO L
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Growth and caloric contents of wild and hatchery
masu salmon, Oncorhynchus masou during their
first growing season in a Hokkaido stream.

Mitsuhiro Nagata

Approximately 93,000 hatchery-reared juvenile
masu salmon marked by removal of their right
ventral fin were scatter-released into five sites of
the Furuu River of midwestern Hokkaido in 1985
and their growth and caloric levels were subse-
quently compared with wild juveniles. Although
wild juveniles were significantly shorter in fork
length than sympatric hatchery ones in June one
month after stocking, they were as large as
hatchery fish in September, and by November
were largest at most sampling stations. Although
the caloric content of hatchery juveniles was
similar to that of wild fish in May at release, the
caloric contents of hatchery fish decreased in
June and remained low until September. The
slow growth and low caloric content of hatchery
fish after release in the natural stream were con-
sidered to be caused by a loss of ability to adapt

in natural environments due to artificial rearing.

4, JLUEEREVE TR IR D BEEE T A < ADE & &tk
JERLE - MR B R BT—44)

Growth and feeding habits of anadromous white-
spotted charr (Salvelinus leucomaenis) in south-
western Hokkaido, Japan.

Tatsuya Takami (Hokkaido Fish Hatchery),
Yutaka Murakami (Hokkaido Fish Hatchery),

and Minoru Mori (San-nai Salmon Hatchery)

Using data from tagging experiments in the

Furuu River, the growth rates at sea of anadromous
white-spotted charr (Salvelinus leucomaenis) were
determined to be higher than those in rivers.
Although sea-inhabiting charr preyed mainly on
fishes, most ascended charr seem to have ab-
stained from eating in the river from June

through November.

5 (E#) WINCBITF LT AR AT L2 I s
FO 7 T RGO &

JERE - R (45—47)

(Short paper) Predation on chum salmon
(Oncorhynchus keta) fry and masu salmon
(O.masou) juveniles by white-spotted charr
(Salvelinus leucomaenis) in a river in northern
Japan.

Tatsuya Takami (Hokkaido Fish Hatchery) and
Kazuya Nagasawa (National Research Institute

of Far Seas Fisheries, Fisheries Agency of Japan)

Chum salmon (Oncorhynchus keta) fry were
found in the stomachs of anadromous white-
spotted charr (Salvelinus leucomaenis) from the
Furuu River, southwestern Hokkaido, Japan, in
spring. The charr fed on the fry when both spe-
cies were descending to the ocean. It is con-
cluded that white-spotted charr also fed on masu
salmon (O.masou) juveniles during winter and/or
spring because ribbon tags placed on juvenile
salmon in the previous winter were found in the
stomachs of charr. This is the first record of
predation on masu salmon juveniles by white-

spotted charr in a river.
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Water and caloric contents of wild and hatchery
masu salmon, Oncorhynchus masou during
smolting in a Hokkaido stream

Mitsuhiro Nagata

Approximately 93,000 hatchery-reared juvenile
masu salmon marked by removal of their right
ventral fin were scatter-released into the Furuu
River in mid-western Hokkaido in May, 1985.
Water and caloric contents of parr, presmolts
and midsmolts of hatchery and wild masu
salmon were subsequently determined during the
smolt run in 1986. Peak timing for hatchery-
origin smolts occurred in June, one month later
than for wild smolts. The relationships of caloric
contents (kcal g dry weight) to body dry weight
(g) of each type of hatchery and wild juveniles
were expressed by the allometric equations (Y=
aX"), showing that caloric contents increase with
body dry weight. Intercept constant (a) of the
body dry weight-caloric contents regression equa-
tion in both groups of fish decreased with
smolting. Furthermore, there were significant dif-
ferences between hatchery and wild fish in the
intercept constant (a) of the body dry weight -
caloric contents regression equation obtained
from the midsmolts pooled through the sampling
time. These results are interpreted as showing
that caloric contents of midsmolts from hatchery
juveniles tended to be lower than those of wild
ones. Such low caloric contents of hatchery
smolts were considered to be caused by de-
creased feeding ability due to successive domesti-
cation in the hatchery ponds or by altered
smolting time for hatchery smolts. The relation-
ships of water contents (as percentage of body

wet weight) to body dry weight(g) of each type

of hatchery and wild juveniles were also ex-
pressed as allometric equations (Y=aX") showing
that water contents decrease with increasing
body dry weight. Intercept (a) of the body dry
weight-water contents regression equation in
both groups of fish increased with smolting. As
well, there were significant linear relationships
between water and caloric contents. These sug-
gest that caloric contents of masu salmon juve-

niles are determined by their water contents.
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Abundance of micro-animals (especially, Harpacticoid
copepods) during the release of juvenile chum
salmon, Oncorhynchus keta and adult return rate
into the coastal area off Mashike, Japan Sea,
northern Hokkaido.

Hirofumi Hayano, Hiroki Asami and Kazuo

Hirano

Abundance of micro-animals were investigated
during the release of chum salmon, Oncorhynchus
keta, from 1990 to 1992 into a shallow coastal
area of Mashike, northern Japan Sea. Total mi-
cro-animal density fluctuated between 10-2600 in-
dividuals.m® from 1990 to 1992. Harpacticoid
copepods, Harpacticus spp., an important prey of
juvenile chum salmon, were predominant in 1991
and 1992 but very low level in 1990. In 1990, wa-
ter temperature from January to March was
higher (>5°C) than in 1991 or 1992. Juvenile chum
salmon released into Shokanbetsu River during
this investigation, were returned after 2-5 years.
Rates of adult return in 1990, 1991 and 1992 re-
leasing year groups were 0.09%, 0.31%, and
0.34% (only 2-4 years old) respectively. Return
rate in the 1990 class was lowest. Therefore, this

may have been due to low density of Harpacticoid
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copepods during the release of juvenile chum

salmon.

3, WRINCHRE LA ) a— 7y TIZBIT S
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i) (17—22)

Diurnal variation of fish numbers collected with
rotary-screw traps in the Masuhoro River, north-
ern Hokkaido, Japan.

Hirofumi Hayano, Makoto Fujiwara, Kei-ichi

Sugiwaka, and James R. Irvine

Diurnal variation of fish numbers were ob-
served by using a rotary-screw trap on 6-7 June
and 30 June-1 July, 1995 in the Masuhoro river,
northern Hokkaido. The timing of fish appearing
in the trap was in the day time (4:00am-7:00pm)
or night time (7:00pm-4:00am). The data showed
that there was a tendency for chum salmon, dace
and crustacea to be collected in the night (P
<0.01), and that threespine stickleback were col-
lected in the day (P<0.01). Many others showed a
tendency to be collected in the night. The diurnal
variation of fish numbers collected was not
changed by water temperature or discharge. It
was considered that arctic lamprey and chum,
pink and masu salmon smolts were migrating
downstream, and that threespine stickleback and

dace were migrating upstream.

4, HEMICBT 5 A4 VYT 3 (Neomysis intermedia)
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A few ecological informations of Neomysis
intermedia in Lake Abashiri, eastern Hokkaido,
Japan.

Hiroki Asami, Toshifumi Kawajiri

A few ecological studies on Neomysis intermedia,
known as one of the most important prey of smelt
juveniles, were conducted in Lake Abashiri, north-
eastern Hokkaido from May to October 1995.
Juvenile Neomysis were collected by vertical haul
of a Norpac net from bottom to surface at night
near Yobito Fishing Port in Lake Abashiri. Adult
Neomysis were collected opportunistically with
purse seine nets. Mean individual densities of
Neomysis juveniles varied between about 70 and
800 inds.m® in which the maximum density was in
July. This maximum density was thought to be pri-
marily juveniles released from ovigerous females in
May and June. The ratios of ovigerous females /
total individuals sampled were high both in spring
(40%) and autumn (60%) and, therefore, it appears
there might be at least two generations of
Neomysis from spring to autumn. Sex ratios were
not constant. Adult females were most abundant in
spring and autumn, while the proportion of adult
males increased in summer. The carapace length of
ovigerous females decreased between spring and
autumn and egg numbers also decreased. Sexual
maturation of females was strongly related to wa-
ter temperature. The fecundity of Neomysis
intermedia in Lake Abashiri was about three times
higher than in Lake Kasumigaura, Honshu, where
detailed information is also available. More de-
tailed studies on the population dynamics of

Neomysis intermedia are needed in Lake Abashiri.
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Seasonal and annual changes of zooplankton in
Lake Abashiri, eastern Hokkaido, Japan.

Hiroki Asami

Seasonal and annual changes on zooplankton
were investigated between 1994 and 1995 at the

central part in brackish water, Lake Abashiri,
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northeastern Hokkaido. Water temperature, salin-
ity and chlorophyll a concentration were also
measured at the same time. The physical envi-
ronments represented by the water temperature
and salinity showed large fluctuations both in
seasons and years. Especially, while water tem-
perature (20-26°C) and salinity (2.1-2.6) were high
in 1994, temperature (18-23°C) and salinity (1.2-
1.7) were low in 1995 from June to September.
The dominant taxa of zooplankton were rotifers,
copepods and copepod nauplii. The zooplankton
community, however, was also composed of
cladocerans only in summer 1994. Three species
of rotifers (Keratella cruciformis, Keratella
quadrata and Filinia longiseta) almost dominated
more than 80% in both years. K.cruciformis
clearly dominated in spring, and K.quadrata and
F.longiseta dominated from spring to autumn in
two years. The density of K.cruciformis was
higher in 1994 than in 1995. The maximal individ-
ual densities of K.quadrata and F.longiseta were
higher in 1995 than in 1994. The individual den-
sity and dominant species successions of rotifers
seemed to be influenced by physical environ-
ments such as water temperature and salinity.
The brackish water species of Sinocalanus
tenellus were always dominant in the copepods
community in both years. Copepodite stages of
S.tenellus increased in spring and autumn. The
reproductions of S.tenellus, therefore, were ac-
complished two times through spring to autumn
at least. However, the fluctuations of density in
S.tenellus were different between 1994 and 1995.
The fluctuations of S.tenellus might be independ-
ent of physical factors such as salinity in Lake
Abashiri. Because this calanoida species is an
important prey organism for smelt juveniles
which dominate in Lake Abashiri, it is thought
that biological factors such as grazing by the
fishes would play one of the important roles in

the fluctuations of S.tenellus.

6, MAEMWEED bV XHMA (Hypomesus transpacificus
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Stomach contents and feeding rhythm of juvenile
smelt (Hypomesus transpacificus nipponensis) in
Lake Abashiri, a brackish lake, eastern Hokkaido,
Japan.

Hiroki Asami, Toshifumi Kawajiri

Feeding ecology focused on stomach contents
and feeding rhythms of juvenile smelt (Hypomesus
transpacificus nipponensis) was studied monthly
in Lake Abashiri from July to September 1994.
Sinocalanus tenellus (copepod) was the most im-
portant prey species. S.tenellus observed in the
stomachs of juveniles in July were large size
classes compared to the size distributions of
S.tenellus sampled by the plankton net in the
lake. It is suggested that juvenile smelts have
size-selective feeding against this copepod.
Diaphanosoma (cladocerans) was abundant in
smelt stomachs only in August. Neomysi
intermedia (mysid) and fish larvae were often
found in the stomachs, and the large size juve-
niles had a tendency to feed on these animals.
Stomach fullness indices were largely different in
both sampling date and time. The indices fluctu-
ated from 0.5 to 32.3 %o in July, 0.0 to 61.6 %o in
August and 0.0 to 63.7 %o in September. The av-
erage stomach fullness indices were higher in the
afternoon than in the morning, and feeding
rhythm became clearer as the smelts grew. For
future investigation, the amount of food con-
sumption of juvenile smelt must be estimated,

based on these data.
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(Short paper) Individual growth of released masu

salmon, Oncorhynchus masou, in sea water.
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Kiyoshi Kasugai (Hokkaido Fish Hatchery),
Kazuaki Naito (Hokkaido Fish Hatchery),
Naoyuki Misaka (Hokkaido Fish Hatchery),
Satoshi Kudo (Hokkaido Fish Hatchery), and
Tomoya Aoyama (Hokkaido Fish Hatchery)

A total of 9380 individually marked smolts of
hatchery reared masu salmon were released in
the Ken-ichi River, Japan Sea coast of southwest-
ern Hokkaido on May 1994. Some of them were
recaptured in winter to the next spring. Higher
recapture rates were obtained from larger reared
fish released. There were no significance between
size at release and growth rate. Since the mean
growth rate in fork length (0.120 cm day') was
smaller than that in spring and summer, it was
suggested that retardation of size growth was

seen in winter.

8, (w#) IHARDOMRIIBIFZTA~RAILLSY
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(Short paper) White-spotted charr predation on
juvenile chum salmon in coastal waters in north-
ern Japan.

Tatsuya Takami (Hokkaido Fish Hatchery) and
Tomoya Aoyama (Hokkaido Fish Hatchery)

Stomach content analysis showed marked tem-
poral changes in white-spotted charr predation
on chum salmon juveniles in coastal waters in
southwestern Hokkaido in spring. Predation on
salmon juveniles frequently occurred immediately
after the salmon were released from a hatchery.
It is concluded that white-spotted charr are im-
portant predators on chum salmon released in

this region.

9, (W#H) FEfEiY A< 2O HARMTRIT S KIEAk
B
HILEa CtimasrkERLS) (63—65)

(Short paper) Long distance movements of

anadromous  white-spotted charr  (Salvelinus
leucomaenis) in southern Hokkaido, Japan.

Tomoya Aoyama

The tagging surveys of white-spotted charr
(Salvelinus leucomaenis) were performed in two
rivers in southern Hokkaido in 1990-1993. Two
recaptured fish traveled 185km along the coasts
of the Sea of Japan from the mouth of the river
where they had been released. This is a record of
the longest movements of white-spotted charr.
These fish were thought to descend to the sea in
late autumn or early winter and to spend winter

there.

%525 (1998)

1, Assessment of hatchery origin and wild masu
salmon (Oncorhynchus masou) smolts in the
Masuhoro River, 1996.

Yasuyuki Miyakoshi (Hokkaido Fish Hatchery),
Hirofumi Hayano (Hokkaido Fish Hatchery),
Makoto Fujiwara (Hokkaido Fish Hatchery), Kei-
ichi Sugiwaka (Hokkaido Fish Hatchery), and
James R. Irvine (Fisheries and Oceans, Pacific

Biological Station) (1—10)

Twenty thousand juvenile masu salmon were
stocked in the Masuhoro River, northern
Hokkaido, in the fall of 1995. A mark-recapture
study was conducted to enumerate hatchery ori-
gin and wild masu salmon smolts in the spring
of 1996. A partial fence and a rotary screw-trap
were operated to capture downstream migrating
smolts. Seven hundred and fifty three wild smolts
and 203 hatchery origin smolts were tagged and
released at the partial fence. Fifty two tagged
wild and 14 tagged hatchery origin smolts were
recaptured at the rotary screw-trap 14.8 km
downstream from the partial fence. Estimates of

wild and hatchery origin smolts [95% confidence
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intervals in brackets] were 25,870 [20,997-32,375]
and 2,053 [1,467-2,997], respectively. The propor-
tion of hatchery fish stocked in the fall of 1995
that went to the sea as smolts for the next year
was estimated to be 10.3%. Four thousand and
fifty six hatchery-raised smolts were tagged and
released to compare their catchabilities by the ro-
tary screw-trap with those of wild and hatchery
origin fish. Although the catchabilities of wild
and hatchery origin fish were quite similar, those

of hatchery-raised fish were lower.

2, Seawater tolerance of white-spotted charr
(Salvelinus leucomaenis) related to water tem-
perature.

Tatsuya Takami (Hokkaido Fish Hatchery) (11—
19)

Seawater tolerance of white-spotted charr de-
rived from southwestern Hokkaido, northern
Japan, was examined by 24-hour seawater chal-
lenge tests. Seawater tolerance of charr (1+) did
not change seasonally. High water temperature
(>16°C) restrained osmoregulation but low tem-

perature (<4°C) did not.

3, Individual growth and life-history divergence
of juvenile masu salmon (Oncorhynchus masou)
in a northern Japanese stream.

Tatsuya Takami (Hokkaido Fish Hatchery),
Tomoya Aoyama (Hokkaido Fish Hatchery),
Mitsuhiro Nagata (Hokkaido Fish Hatchery),
Mahito Miyamoto (Hokkaido Fish Hatchery),
Shin-ichi Ohkubo (Hokkaido Fish Hatchery), and
Hiloshi Kawamula (Hokkaido Fish Hatchery)

(21—29)

In upper reaches of the Shakotan River, north-
ern Japan, individual growth and life-history
variation in a wild juvenile masu salmon popula-
tion were examined in 1995-1996. Specific growth

rates of juveniles showed marked seasonal

changes; the juveniles grew rapidly in spring to
summer period while slowly in summer to
autumn. In the first growth season in their life,
potential 0+ early mature males grew relatively
faster, and potential 1-year-old smolts and poten-
tial 1+ parr followed. The potential 1+ smolts and
potential 1+ parr differed markedly in size in
August in their first year. The potential 1+
smolts continued to grow even in autumn-winter

in the first year unlike the potential 1+ parr.

4, Y= MU IMHOERIKITTE S, KRR
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Effect of salinity, water temperature and feeding
on the survival of juvenile bivalves, Corbicula ja-
ponica.

Tetsuo Teranishi, Seiji Masuda and Kazunori

Yamashita

Tolerance to salinity, and influence of feeding
on the growth of brackish water bivalve,
Corbicura japonica were examined. Small size
(shell length, 0.4-1.25mm) and large size juvenile
bivalves (5-12mm) were used for this experiment.
Salinities ranging from 0% to 25%c were not le-
thal to small and large size juvenile bivalves for
40 days. However, both size juvenile bivalves ex-
posed to seawater (31.4% and 32.2%. of salinity)
showed no survival by 31 days and 25 days, re-
spectively. Small juvenile bivalves had higher tol-
erance to salinity than large ones. Large juvenile
bivalves showed 90% survival ratio in seawater
after gradual acclimation from 0% to 20%o. salin-
ity. Most (95%) of small juvenile bivalves sur-
vived for 30 days at 0.1°C. When the small
juvenile bivalves were fed chlorella, the best sur-
vival ratio and growth of the shell length were
obtained. These data suggest that the survival of
juvenile bivalves is largely effected by high salin-

ity and by feeding.
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Tag loss of masu salmon marked with coded

(Pacific Biological Station)

wire tags in different tag placements.
Mitsuhiro Nagata, James, R. Irvine, Mahito

Miyamoto, Shin-ichi Ohkubo and Miki Kobayashi

Coded wire tags (CWT’s) implanted in snout
have been used broadly in North America to elu-
cidate migration routes, and to evaluate effective-
ness of fish enhancement and management.
Interesting cultural differences between North
Americans and Japanese might necessitate novel
approaches to resource assessment of young
salmon in Japan. Since Japanese normally eat the
heads from salmon, they catch or buy the fish as
they are. So, this is not a suitable location for
tag implantation. Also, the use of stainless steel
tags might not be permitted when there is a pos-
sibility the consumers might accidentally eat the
tag. Therefore, experiments were conducted on
masu salmon examining: (1) influences of tagging
location on tagging rates, tag loss, tag visibility,
growth and mortality related to tagging; and (2)
the utility of gold (non-magnetic) CWT’s. Standard
stainless steel CWT’s were introduced to the
snout, adipose eye tissue, adipose fin, and dorsal
fin and gold CWT’s were placed in the adipose
eye tissue, adipose fin, and dorsal fin of groups
each of about 400 smolts. Smolts (~15cm in fork
length) were tagged in April 1995, each group
was given a unique fin clip and fish were placed
in concrete raceways. Fish were examined after 1
week, 7 months, and 13 months. There were no
consistent differences in growth between fish
tagged with stainless steel CWT’s and gold
CWT’s. CWT retention and tagging speed were

highest when fish were tagged in the snout

(traditional North American tag site) and the
adipose eye tissue. Tag visibility, an important
consideration when it is necessary to sample fish
at fish markets, was good when fish were tagged
in the eye tissue as well as the adipose fin. It is
concluded that when CWT’ing fish in Japan, the
adipose eye tissue and the adipose fin appear to

be suitable tagging sites.

6, 7 < AMEFDRIRITIS I D TR D5 H]
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(45—53)

Roles of riparian vegetation in the river environ-
ment of masu salmon juveniles, Oncorhynchus
masou.
Mitsuhiro Nagata, Mahito
Miyamoto, Shin-ichi Ohkubo, Seiji Yanai and Yu

Hirokazu Sato,

Nagasaka

Much riparian vegetation in Hokkaido has
been lost due to logging and construction activi-
ties. However, little is known how these activities
influence habitat quality for masu salmon and
their growth and survival. Shakotan River in
midwestern Hokkaido was straightened to control
floods in the upper reaches twenty years ago. As
a result, riparian vegetation was lost from the
streamside area. Fortunately, some of the riparian
vegetation has recovered. The aim of this study
was to estimate effects of loss of riparian vegeta-
tion on stream temperature, and on growth and
survival of masu salmon juveniles. Five study
stations were established along the straightened
stream to monitor changes in stream temperature,
growth, condition factors and population density
of juvenile masu salmon in 1994 and 1995. Sts.0
(1995 only) and 1 were located in the upper
reaches where overhead tree cover varied between

36 and 60%. St.2 was in the middle reach where
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there were few riparian trees and overhead cover
from grass was 14%. Sts.3 and 4 were in the
lower river with tree cover between 43 and 85%.
The 1994 summer was so hot that stream tem-
perature exceeded 20°C at Sts.2, 3 and 4. Stream
temperatures rose most rapidly in the middle
reach with the least overhead cover. In contrast,
the 1995 summer was cool and stream tempera-
tures in Sts.2-4 rarely exceeded 20°C. Masu
salmon juveniles at Sts.2-4 almost stopped grow-
ing, and their condition factor and population
density also decreased from July to August in
1994. In contrast, masu salmon juveniles at Sts.2-
4 continued to grow and their condition factors
rose from July to August in 1995. Furthermore,
summer decreases in population density in this
year were not higher than those in 1994. These
results suggest that overhead cover by riparian
vegetation contributes to maintaining low sum-
mer stream temperatures which enable masu
salmon juveniles to undergo rapid growth during

the summer.

7, B2 TR0+ 2EN b OHBUZBT 2 IR OHEE
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Estimates of heritability in rates and timing of
smoltification for underyearling masu salmon
(Oncorhynchus masou).

Tatsuya Koyama, Yoshitaka Sasaki,
Ohmori, and Nobuhisa Koide

Hajime

Four males were mated with twelve females ac-
cording to a hierarchical breeding design and
full-sibs were divided into two or three lots to es-
timate heritability in rates and timing of
smoltification for underyearling masu salmon.
Each lot was distinguished by a unique fin-clip
and fish were combined into a single circular
tank. Underyearling smolts appeared commencing

in mid-May, eight months after fertilization and

by October, 30% of the fish had smolted in
underyearling. A great variation was observed in
underyearling smolt rates, ranging from 0% to
approximately 90%. In addition, there was a
great range in smolt timing. In spite of this vari-
ability, fish within full-sib groups tended to have
similar rates and timings of smoltification.
Analysis of variance determined that heritability
based on sire components for underyearling
smolt rates was 0.68, and heritability based on
sire components for timing was 0.66. Our results
demonstrate that artificial selection may be an ef-
fective tool in the enhancement of underyearling

masu salmon smolts.

8, MIYGlicRIT 2T T 7> 7 b O L
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BRI CILHEESRBEREYS) - okt (eifiE
SEIKEEMRAEYS) (65—73)

Seasonal changes of zooplankton density and
composition in Lake Akan, eastern Hokkaido.

Hiroki Asami and Hiroyuki Sakamoto

Seasonal changes of zooplankton density and
composition were studied to understand the die-
tary environments of smelt juvenile (Hypomesus
transpacificus nipponensis) by sampling with a
100 zm net at the central station in Lake Akan,
eastern Hokkaido, between 1994 and 1995.
Zooplankton densities were high in spring and
autumn and low in summer in both year, and,
the density and biomass in summer was higher
in 1995 than in 1994. Zooplankton communities
were consisted of rotifers, cladocerans, copepods,
copepods nauplii and protozoa. Rotifers increased
in spring and autumn. Cladocera and Copepoda
were predominant in summer during juvenile
stage of smelt in both year. However, their densi-
ties and compositions were different in 1994 and
1995. Small size Bosmina (Cladocera) increased
1994, and, large size Daphnia (Cladocera) domi-
nated in 1995. Calanoida copepod, Eurytemora
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affinis were mainly occupied in copepods commu-
nities in both years. The density of E.affinis
reached the maximum in July and decreased to-
ward November. In 1995, the density of E.affinis
was higher than that in 1994 during the declining
period of this species, and adult stages were
abundant in 1995. The relationship between life
histories of these zooplankton and environmental

factors must be studied in detail.

9, (Short paper) Recoveries of masu salmon strayed
into Shokanbetsu river, northern Hokkaido, Japan.

Yasuyuki Miyakoshi (Hokkaido Fish Hatchery)
(75—17)

Masu salmon, Oncorhynchus masou, are be-
lieved to be very precise in their homing and no
straying had previously been recorded. In 1993
and 1995, two marked masu salmon adults were
captured in the Shokanbetsu River, northern
Hokkaido, Japan. As marked fish have never
been stocked in the Shokanbetsu River and the
marked fish were much bigger than unmarked
fish, these marked fish were considered to have

strayed into the Shokanbetsu River.

10, (Short paper) Influence of high water tem-
perature on feeding responses and thermal death
of juvenile masu salmon under aquarium settings.
Tatsuya Takami (Hokkaido Fish Hatchery) and
Hirokazu Sato (Hokkaido Forestry Research
Institute) (79—82)

Appetite of juvenile masu salmon (Oncorhynchus
masou) decreased at>24°C in aquarium settings.

Thermal death of masu salmon occurred at 26-28°C.

%535 (1999)
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Changes in the numbers of ovarian eggs and the
correlation to fork length in 2° masu salmon,
Oncorhynchus masou: comparison of pond-reared
and seashore-captured fish.

Takaya Kitamura

It is known that there is a large difference in
the fecundity (= number of ovarian eggs that are
considered possible for spawning) between pond-
reared and sea-caught masu salmon, Oncorhynchus
masou. Egg number seems to be related to body
size; in fact, the former has smaller fecundity
than the latter. To investigate the time at which
the difference of fecundity arises and the time
the fecundities are determined for the pond-
reared fish and the seashore-captured fish (con-
taining the river-captured), ovarian eggs from
January to August in the spawning year were
counted using both these groups. The correlation
between the number of ovarian eggs and the fork
length was calculated, and the influence of body
growth on the egg numbers was discussed. The
number of eggs decreased toward the maturation
season. Although each group had 2,900 eggs in
January, their average fecundities in August were
500 1,900, respectively. The significant difference
between the developing egg numbers of both
groups was initiated in January, and the numbers
were smaller in the pond-reared fish than in the
seashore-captured fish. But, as a result of com-
parison at each month, though the egg numbers
of seashore-captured fish almost always exceeded
those of pond-reared fish, significances were not
always observed. The fecundities were deter-
mined in July for pond-feared fish and in June
for the seashore-captured fish. The correlation

between the fecundity and the fork length had

— 151 —



became higher toward their maturation. Fork
length in the maturation season of the pond-
reared fish was 28.6cm and that of the seashore-
captured fish was 47.0cm in average and each
fecundities were matched with their body sizes.
The correlation coefficient, however, was signifi-
cant (po#0) only in the pond-reared fish in
September, and not significant in all other cases.
Accordingly, the correlation was considered not
to be stable until the maturation season. These
results suggested that in the case of masu
salmon, Oncorhynchus masou, the number of
ovarian eggs decreased to a number that
matched its final body size in the maturation
season, and that the degree of reduction in egg
numbers was controlled by the preceding body

growth.
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Distribution and structure of spawning redds of
masu salmon in the Atsuta Rive.

Kei-ichi Sugiwaka, Katsumi Takeuchi, Ken-ichi
T. Suzuki, Mitsuhiro Nagata, Mahito Miyamoto,

and Hiloshi Kawamula

Some distributional and structural profiles of
spawning redds of masu salmon (Oncorhynchus
masou) were demonstrated by the study which
was carried out during 1989-1995 in the Atsuta
River located in the central area of Hokkaido.
Numbers of spawning redds had annual fluctua-
tions. Redds were distributed through the entire
river system except the downstream area of the
main stream. Average redd density (numbers per
km) ranged from 3.09 to 9.20 during 1990-1994,
and it was higher in upstream and small tribu-

taries than that in midstream. Generally, redds

were located along the banks of riffles which had
pools just above them. Moreover, 62.5% of redds
were made under plant covers. Mounds of the
redds were generally oval shape or long-fan
shape. On the other hand, though many fan-
shaped pits were found, pits often showed oval
or handshake. The range of the mound length of
redds was 60-330 cm, and their annual averages
ranged 141-168 cm. Similarly, the mound width
and pit length showed a wide range of values;
50-240 (mean 85-100) cm in mound width, 50-340
(mean 105-136) cm in pit length. Velocities of the
flow on the mound were from 20.9 to 101.7 cm -
sec’, and the mean value was 52.6 cm - sec’
Redds of 68 (63.0%) out of 108 which were exca-
vated to survey their internal structures had sev-
eral (2-6) egg pockets, and the average number
of egg pockets was 2.0. The number of eggs in
the egg pocket ranged 15-1,080 (mean 323), and
the redds accommodated 15-2,214 (mean 640)
eggs. In the redd which had plural egg pockets,
the egg pockets in the posterior parts of the redd
had a tendency to have more eggs than the ones
in the anterior parts of the redd (mean egg num-
bers; 384 in the 1st pocket, 285 in the 2nd, 192 in
the 3rd, 176 in the 4th). Average interval dis-
tances between egg pockets, 48.9 cm, were almost
equal to the average fork length of a female
adult (48.2cm). The mound length was increas-
ingly proportional to the river width, redd den-
sity, and female adult length. The numbers of
egg pockets and the total numbers of eggs in
redds increased in proportion to the mound
length. Moreover, the total numbers of eggs in
redds lineally paralleled the increasing redd den-
sity. These results suggested that characteristics
of spawning redd of masu salmon, e.g., the size
of redds, the number of egg pockets and the
number of eggs in redds, were affected by the
environmental factors controlled by the magni-
tude of habitat and the mass of adults.

Therefore, we considered that there was a
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spawning strategy of masu salmon depending on
the adult density: the female adult would make a
large redd which has many egg pockets and
many eggs and be easy to protect from disloca-
tion by another females under the condition of
high adult density. In contrast, under the condi-
tion of a low density, the females would prefer to
make several small redds with few eggs in vari-
ous places. Because of the assurance of the sur-
vival in her offspring, she would choose the
above-mentioned way to avoid fatal damage by
flood rather than digging damage by another fe-

male.

3, ALHEELLANINCIU B =V~ A D HIRESHE
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Natural reproduction of rainbow trout, Oncorhynchus
mykiss, in the Shiribetsu River in Hokkaido, Japan
Tomoya Aoyama, Tatsuya Takami, Makoto

Fujiwara, and Hiloshi Kawamula

Spawning redds, ages, and growth of intro-
duced rainbow trout, Oncorhynchus mykiss, were
investigated in a tributary of the Shiribetsu
River, northern Japan in 1997-1998. The rainbow
trout spawned in late April through mid June. A
total of 19 redds was found in the lkm reach
during the study period. Observed redd size was
approximately 90cm in length and 50cm in width.
The number of egg per redd were varied between
8 and 835. The fish caught in the tributary were
0" to 6+ in age and 4 to 46cm in fork length. The
results suggest that rainbow trout reproduced

under the natural river environments.
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(39—47)
Experimental stockings of juvenile masu salmon
in fall in northern Hokkaido. 1. Size-related body
constituents and over winter survival.

Hirofumi Mitsuhiro

Hayano, Nagata, and

Yasuyuki Miyakoshi

Four size-groups of hatchery-reared masu
salmon Oncorhynchus masou juveniles were
stocked in the Masuhoro River, northern
Hokkaido, in October 1997. To investigate the re-
lationships between body constituents, over win-
ter survival and body size, 100 fish of each size-
group were held in the tanks without feeding
from October 1997 to March 1998. The portions of
fish held in the tanks and stocked in the river
were sampled for measurement of body size,
body constituents and caloric value. The relation-
ships between caloric value (kcal g' wet weight)
and wet body weight (g) of juveniles were ex-
pressed by the allometric equations (Y=aX"),
showing that caloric value was paralleled with
wet body weight (g). Caloric value of juveniles
decreased in winter, and that of the large-sized
group usually was higher than that of the small-
sized. The fat (% g’ wet weight) of the body de-
clined with caloric value and wet body weight in
winter. Over winter survival rate (%) of the large-
sized group was higher than that of the small-
sized group. These tendencies were observed in
both fish stocked in the river and held in the

tanks without feeding.
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Experimental stockings of juvenile masu salmon
in fall in northern Hokkaido. 2. Size-related over

winter survival and their smolt numbers.
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Yasuyuki Miyakoshi, Hirofumi Hayano, and
Mitsuhiro Nagata

A total of 40,000 hatchery-reared masu salmon
Oncorhynchus masou juveniles were stocked in
the Masuhoro River, northern Hokkaido, in
October of 1997. The fish had been divided into
4 size groups and given group-specific marks by
fin clipping. In the spring of 1998, the numbers
of downward migrating smolts were estimated by
a mark-recapture experiment. In July of 1998, the
numbers of stream resident fish which had been
stocked in the previous fall were estimated by
two-stage sampling surveys. Estimated over win-
ter survivals were varied ranging from 13.7 to
19.3 percent. It should be effective to stock large
juveniles for enhancement of masu salmon be-
cause the larger fish would have an advantage to
survival through winter and becoming smolts in

the following spring.

6, ALHEEILEE)INIBIBR S e 27 Z < A0k
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Body sizes of masu salmon transplanted and
subsequently returned to rivers in northern
Hokkaido.

Yasuyuki Miyakoshi

Fork lengths and weights of masu salmon
Oncorhynchus masou, returned to three rivers,
Nobusha River, Furenbetsu River, and Shokanbetsu
River, located in northern Hokkaido, were measured
in 1992-97. Weights of masu salmon of the
Shiribetsu River strain (Shiribetsu River is lo-
cated in southern Hokkaido) transplanted in the
Nobusha River were significantly larger than
those of wild fish in the Nobusha River, whereas
the sizes of fish transplanted in the adjacent riv-
ers were not always different from those of the
wild fish when they returned as adults. It is con-

cluded that the sizes of masu salmon transplanted

were strongly correlated to those of masu salmon

in their natal rivers.
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Chloride cells in the yolk-sac membrane of eyed-
stage embryos of long-finned smelt, Spirinchus
lanceolatus (Hikita).

Hirofumi Hayano, Hiroshi Kojima, Yutaka

Murakami, and Toyoji Kaneko

For the detection of chloride cells (CCs), whole-
mount preparations of the yolk-sac membrane of
long-finned smelt, Spirinchus lanceolatus (Hikita),
were immunocytochemically stained with an antise-
rum specific for Na®, K*-ATPase. A large number
of immunoreactive chloride cells with immunonegative
nuclei were detected in the epithelia covering the
outer surface of the yolk-sac membrane. To as-
sess the activity of the CCs in different salinities,
changes in sectional area of the chloride cells
were examined after transfer to 12 (BW) and 34
(SW) %o Sea water. The area of the chloride cells
was significantly increased 14 days after transfer
to SW, whereas such increase was not observed
in the embryos exposed with fresh water and
BW. Some CCs appeared to be closely associated
with each other to form a cellular complex, as
evidenced by the presence of more than one
immunonegative nucleus. The activated CCs in
the yolk-sac membrane in the SW group proba-
bly function in place of the gills as ion-extruding
sites during embryonic stages of long-finned

smelt.
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(Short paper) Stomach contents of adult masu

salmon, Oncorhynchus masou, migrating to the
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coast of the Sea of Japan along the southwestern
Hokkaido, Japan.
Kiyoshi Kasugai

Stomach contents of masu salmon, Oncorhynchus
masou, caught in the Sea of Japan along the
coast of southwestern Hokkaido from February to
April in 1996, were examined to clarify their feed-
ing behavior. Sand lance, Ammodytes personatus
as fish species, krill, Euphausia pacifica and
amphipod, Themisto japonica as planktonic crus-
tacean species, were observed in the stomach
contents. Plankton occupied most of food items
in number throughout almost all the months ex-
amined. However, in weight sand lance occupied
most of the stomach contents. From these results,
sand lance was assumed to be an important prey

for masu salmon.
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(77—380)

(Short paper) Relation between size and mortal-
ity of juvenile masu salmon.

Tatsuya Takami, Tomoya Aoyama, and Hiloshi

Kawamula

The growths of marked juvenile masu salmon
(Oncorhynchus masou) were individually exam-
ined during their first growing season in a north-
ern Japanese stream. The sizes of the marked
juveniles that were survived and subsequently re-
captured did not differ from those of all the
marked fish at the same months. Therefore the
size-related mortality of the 0+ juveniles would be

absent in the river.

10, (Short paper) Occurrence of sea-run migrant
brown trout (Salmo trutta) in Hokkaido, Japan.
Tomoya Aoyama (Hokkaido Fish Hatchery),
Kazuaki Naito (Hokkaido Fish Hatchery), and

Tatsuya Takami (Hokkaido Fish Hatchery) (81—
83)

Four specimens of sea-run migrant brown trout
were captured on the coast and in the river of
Hokkaido. Although introduced Japanese brown
trout were previously described as non-
anadromous form, this paper is the first record

on anadromous form in Japan.

5545 (2000)
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Life-history of miyabe charr stocked above a wa-
terfall.

Kazutaka Shimoda, Tokuichi Yoshida, Kouetsu

Yamashita, and Katsumi Takeuchi

In order to clarify the life-history of miyabe
charr Salvelinus malma miyabei stocked above a
waterfall in the Torizaki River, Hokkaido Japan,
their age, sexual maturity and growth were stud-
ied. About 40% of the individuals matured into
both males and females in the autumn. Males
matured from 0" of age and females matured
from 17 of age. These results suggested that they
live in streams throughout their life, because they
can never go up the waterfall. Their life history
is considered to be a land-locked type. This
population was different from the original lake-
run population inhabiting the Shikaribetsu Lake
system. From the analysis of their otolith radius
length, the average body size of females inhabit-
ing the Torizaki River was larger at 1° of age
than those in the Shikaribetsu Lake system.
Therefore, like the case of the other salmonid
fish, the rapid growth rate in the juvenile stage

would lead to maturation in the river.
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Microhabitat and physical environment of winter-
ing juvenile masu salmon in northern Hokkaido
stream.

Ken-ichi Suzuki, Mitsuhiro Nagata, Miyuki

Nakajima, and Hajime Ohmori

The physical environment and habitat used by
wintering juvenile masu salmon, Oncorhynchus
masou were investigated in the Masuhoro River,
in northern Hokkaido, Japan. The study site in-
cluding riffle, glide, and pool was divided into
135 cells; each cell was Im X 1m . Water depth,
water current velocity, overhanging and aquatic
cover, and substrate were measured in each cell
after electrofishing. The Morishita’s Io index was
10.66, which indicated contagious distribution.
Current velocity of the cells used by juvenile
masu salmon was significantly slower than that
of the unused cells. Moreover, juvenile masu
salmon favored cells with a large amount of
cover. Principal component analysis and Jacobs’s
electivity index, using five variables including
current diversity, showed that juvenile masu
salmon preferred the habitat not only with low
current velocity and abundant cover, but also
with deep water. Therefore, current velocity, wa-
ter depth, and cover are considered to play an
important role in the microhabitat for wintering

juvenile masu salmon.

3, dLMEEHRIR RIS DY 7 T < 20 FHNEY
ST CILHEESLRFERLYS) - B — (IbifiE
SEOKEEMRAEYS) (15—22)

Stomach contents of juvenile masu salmon
(Oncorhynchus masou) in the coastal waters of
eastern Hokkaido, Japan.

Naoyuki Misaka and Shuichi Mano

The stomach contents of juvenile masu salmon
(Oncorhynchus masou) collected by set nets in
the coastal areas of Erimo arid Kushiro in east-
ern Hokkaido, were investigated in the spring of
1997. Juveniles were caught from late May to
mid-July in Erimo and from mid-June to late July
in Kushiro. The fish, Euphausiids, Amphipods,
and Decapod larvae fed on were identified from
the stomach contents of the juveniles. Fishes and
Euphausiids were important prey items on both
coasts. In Erimo, the variability in the stomach
contents was high among the sampling dates and
in the distances off the coast, but body size did
not affect the stomach contents at the same
points. Stomach contents from Kushiro differed
from those of Erimo in the same period. These
data suggest that stomach contents of masu
salmon juveniles in these areas differ in accor-
dance with period, place and distance from the

coast.

4, ¥ (Oncorhynchus keta) DREINHRIEME (K
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Aquatic animal colonization of chum salmon
(Oncorhynchus keta) carcasses in Hokkaido,
northern Japan.

Miyuki Nakajima and Tomiko Ito

Aquatic animals, particularly macroinvertebrates,
colonizing chum salmon carcasses were studied
in Hokkaido, northern Japan 1997-1999. In the
Naibetsu River, a spring stream in Chitose City,
Hydatophylax spp. (Trichoptera) and Gammaridea
(Amphipoda) were abundant on the surface of
salmon carcasses. In the Namari River, a moun-
tain stream in Yakumo Town, Ephemerellidae
(Ephemeroptera), Capniidae (Plecoptera) and
Chironomidae (Diptera) were abundant on salmon
carcasses. In the Naibetsu River, Hydatophylax lar-

vae mostly colonized well-decomposed carcasses
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in October and November. Gammaridea colonized
salmon carcasses regardless of the degree of de-
composition or season. In a depositing experi-
ment, Hydatophylax larvae and Gammaridea
colonized carcasses in the spring streams,
Naibetsu River and Kutanida Creek in Eniwa
City. In both field observations and the deposit-
ing experiment, macroinvertebrates rarely colo-
nized carcasses when water fungi covered them.
Lethenteron reissneri (Petromyzontiformes) colo-

nized a few carcasses in the Naibetsu River.

5 (EH) W27 I7<ALREN b OEFREOZE
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(Short paper) Divergence of jack and gonad so-
matic index in 1" aged masu salmon smolts.

Kazutaka Shimoda

Temporal changes in the male gonad somatic in-
dex (GSI) in 1" aged masu salmon (Oncorhynchus
masou) smolt and their body length were studied
from April to September in 1995 under artificial
rearing conditions. About half the number of
male individuals and increased their GSI from
June, and also became sexually mature in
September. The maturing individuals were larger
than the immature ones in body length from June
to September. These observations revealed that
the triggering of maturation in jacks occurs from
May to June. Moreover, the body size represent-
ing growth and maturation in the jacks are posi-

tively correlated.

2555 (2001)

1, V7 I~ AMOHEFERE & R EBIE L OBIR
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Relationships between reproductive characters
and growth history in female masu salmon

Oncorhynchus masou.

Kazutaka Shimoda

The relationships between the reproductive
characters and growth history of pond-reared fe-
male masu salmon were studied by the method of
individual tagging from smolt stage (age of 07, in
April) to maturation (age of 1%, in August and
September). Number and size of mature eggs
were associated with growth history. The maxi-
mal correlation coefficient between mature egg
number and body weight appeared at April in
the maturation year. Mature eggs number was
strongly associated with growth in body weight
during the period (11 months) of smolt stage to
April in the maturation year. Mature eggs’ size
was strongly associated with specific growth rate
from April to maturation in the maturation year.
These results suggested that the mature eggs
number seemed to be determined by body size in
April in the maturation year, and the mature
eggs’ size was influenced by the growth rate af-
ter April in the maturation year. Mature body
size was strongly associated with body size of
the past. But mature body size was not associ-
ated with the specific growth rate of the past.
Therefore, larger females produced a larger num-
ber of eggs, but the mature eggs’ size was not

correlated with the mature body size.

2, V7 I ADRBIEY A XD RBLITB T D N2
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The effects of artificial selection on the increase
of mature body size in masu salmon Oncorhynchus
masou .

Kazutaka Shimoda, Kouetsu Yamashita and Miki

Kobayashi

The purpose of this study was to investigate

the relationships between parents body size and
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their progeny body size in masu salmon
Oncorhynchus masou. We estimated realized
heritability of mature body size by breeding ex-
periment under artificial rearing condition. In ad-
dition, the body size of the progeny was
examined by tagging experiment in the ocean.
Realized heritability based on the breeding of
large parents was 0.782-0.921 and of small par-
ents was 0.246-0.409. Mature fork length of the
progeny was analyzed by three-way layout
ANOVA testing for difference among the sex of
the progeny (male or female), the dam size (large
or small) and the sire size (large or small). There
was no difference between the sexes of the prog-
eny. However, the progeny of large parents were
larger than the progeny of small parents.
Interaction between sex of the progeny and sire
size was found. These results indicate that artifi-
cial selection is an effective method to increase
mature body size, especially for males. Twenty-
nine samples were captured in the ocean.
Relationship between captured body size and

their parents body size was not clear.

3, VI I=RADT ¥ v I ORIFICBDLBRER IO
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AN CedmEsskERESE) (13—17)

Effects of growth and sire type on the divergence
of jack in masu salmon Oncorhynchus masou.

Kazutaka Shimoda

The effects of growth, body size and sire type
on the divergence of precociously 17 maturing
males (jacks) in masu salmon (Oncorhynchus
masou) were studied under artificial rearing con-
ditions. Eggs from normally 2° maturing females
were fertilized with milt from both normal 2 ma-
turing males (hooknose) and jacks. Following the
individual marking at the smolt stage, their fork
length, specific growth rates and incidence of
jacks were monitored. Mean fork lengths at the

smolt stage were equivalent among jacks and

non-jacks. But specific growth rates of the jacks
remained relatively high after smolting till the
early summer. Moreover the jacks were larger
than the non-jacks in the early summer. Mean
growth rate and fork length of the progeny were
equivalent among the jack-sired and the
hooknose-sired families. But the frequency of
jacks was different between the sire type; it was
83% in the jack-sired families and 56% in the

hooknose-sired families.

4, HAEWRE D 7 o &k

B R Cbigd~k LSS BURE. Jbigdsndh
Sk pERERYS) (19—25)

Gut contents of smelt larvae (Hypomesus nipponensis)
in Lake Abashiri, a brackish lake, eastern Hokkaido.

Hiroki Asami

Gut contents of 669 individual smelt larvae
were investigated with feeding ratios in Lake
Abashiri, a blackish lake, from May to June in
1995. The feeding ratio of larvae, that is the ratio
of numbers of larvae in which any preys were
observed in their gut contents of the total num-
ber of larvae examined. The ratios increased from
about 21% in middle May to 89% in late May,
while yolk larvae decreased from about 68% to
1% in this period. Zooplankton density also in-
creased in this period. The start of feeding of the
larvae in the 1995 year class corresponded to the
peak of zooplankton abundance. Rotifer (Keratella
cruciformis), its egg (K.cruciformis egg), copepod
eggs, copepod nauplii and copepod (Sinocalanus
tenellus) were main components of gut contents.
The larvae fed on preys of small size (K.cruciformis,
egg, K.cruciformis, copepod nauplii) to large size
(S.tenellus), as larvae grew. From these feeding
characteristics, it might be a favorable dietary
condition for smelt larvae that zooplankton com-
positions shift from rotifer to copepods in envi-

ronments.
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5, Induction of apoptosis by infectious hematopoietic
necrosis virus.

Makoto Hatakeyama (Hokkaido Fish Hatchery),
D.K.Sakai (Hokkaido Fish Hatchery) (27—33)

The apoptosis of fish induced by infection of
infectious hematopoietic necrosis IHN) virus was
investigated with a fish cell line (rainbow trout
gonad cells, RTG-2 cells) and masu salmon
Oncorhynchus masou. Terminal nucleotidyl transferase
mediated dUTP nick end labeling (TUNEL) and
chromosomal DNA electrophoresis were used to
detect apoptosis. RTG-2 cells infected with IHN
virus demonstrated apoptosis evidenced by chro-
matic fragmentation and DNA cleavage into
nucleosomal oligomers. On masu salmon, the
apoptosis of lymphocytes was clearly observed.
On 5 days post infection, dead, surviving and
non-infected fish had 100, 21 and 3 percent
TUNEL-positive lymphocytes, respectively. Extracted
DNA revealed DNA ladder due to chromosomal
DNA fragmentation exclusively in lymphocytes.
The reduction of circulating lymphocytes due to
apoptotic cell death strongly suggests a new as-
pect of IHN pathogenesis, because the roles of
lymphocytes are closely correlated to immune

system and defense mechanism of fish.
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(Short paper) Benthic macroinvertebrates in pol-
luted rivers in the dairy area: an example in the
Nishibetsu river system, eastern Hokkaido, north-
ern Japan.

Tomiko Ito, Miyuki Nakajima, Takaya Kitamura,
Hiloshi Kawamula, Toshio Izawa and Yutaka

Murakami

The benthic macroinvertebrates were compared
between the lightly polluted and heavily polluted
tributaries of the Nishibetsu River System in the
dairy area, eastern Hokkaido, northern Japan, on
11, July 1998. The taxa collected, number of taxa
and total density were hardly different between
the two tributaries. However, the cluster analysis
of the individual number of taxa in 16 quadrates
showed that the community of the quadrate was
more similar in each tributary than between

tributaries.
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(Short paper) Water plants in the Lakes Akan
and Akan-Panke, Hokkaido, northern Japan.

Koji Katagiri, Tomiko Ito and Hiloshi Kawamula

Water plants were studied in the Lakes Akan
and Akan-Panke, Hokkaido, northern Japan,
1999. Seven species of water plants were collected
in the Lake Akan. The plants almost inhabited
the littoral zone shallower than 3m. Five species
of water plants were recorded in the Lake Akan-

Panke for the first time.

5565 (2002)

1, Ecological studies on the dispersal of newly
emerged masu salmon fry, Oncorhynchus masou.
Mitsuhiro Nagata (Hokkaido Fish Hatchery) (1—
87)

Experiments on newly emerged masu salmon
fry were undertaken in artificial and natural
streams to elucidate physical and biological fac-
tors that affect dispersal of masu salmon fry, its
ecological significance, and to propose a hypothe-

sis to explain dispersal. In the artificial channel
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experiments, masu salmon fry exhibited both up-
and downstream movements; downstream move-
ments were typically nocturnal, but upstream
movements were predominantly diurnal. The
number of up- and downstream migrants was af-
fected by changes in water velocity; high velocity
promoted downstream movement and decreased
upstream movement. Moreover, larger fry tended
to move upstream or remain in the spawning
area and feed more than small fry. Masu salmon
dispersal was concluded as follows; Dispersal af-
ter emergence mainly commences at loss or re-
covery of positioning with change in light
intensity at sunrise and sunset. Quantitative rela-
tionships between upstream migrants, residents
and downstream migrants are controlled by indi-
vidual swimming ability associated to flow inten-
sity in stream and social interaction. More wild
fry in the artificial channel migrated downstream
than upstream, in contrast domesticated fry
tended to migrate upstream or remain in the
channel. In the natural stream experiments, how-
ever, most masu salmon fry, irrespective of ori-
gin, moved downstream or remained near the
spawning areas because of high water velocity.
Masu salmon juveniles at downstream sites with
low density grew rapidly so that their size ex-
ceeded those in high density planting sites in
summer. [ discovered that more male fry moved
upstream or remained in the spawning area than
female fry. Early mature males were always
larger than immature male in early summer, and
more mature types upstream and near spawning
areas than downstream. Therefore, it was con-
cluded that dispersal of newly emerged masu
salmon fry has two ecological roles; the first is to
regulate population density by the spatial re-
distribution between life history stages (alevin
and parr) to enhance their feeding opportunities.
The second role is to share the instream habitat
between resident (early mature) and sea run

types to contribute to accelerating the life history

divergence. A hypothesis of mechanisms for dis-
persal including sex biased distribution and early
maturation for masu salmon was proposed based
on the present results and previous studies for
salmon and trout. Masu salmon develop different
metabolic activities that are genetically con-
trolled. Males having the genetic potential to ma-
ture early will be included in the high metabolic
group of masu salmon. More males than females
remain near the spawning area because the
males with high metabolic rates have high
growth, and subsequently, they are greater in
swimming and/or competitive ability than other
fish. As high metabolic males can grow rapidly
at initial feeding in spring when the daylength is
increasing, when the fish are sensitive to
photoperiod stimulation of their gonadtrophic
hormone system, maturation can be commenced.
In contrast, other males and females tend to
move downstream because of low metabolic rates,
reduced swimming ability and/or subordinates.
Males that moved downstream accelerate their
growth in summer due to reduced population
density, but maturation will not be triggered be-
cause body size and growth rate are not above a
genetically determined level in spring when
gonadtrophic system is sensitive to photoperiod.
Visual and electrofishing observations were con-
ducted in the Atsuta and Shakotan rivers of
Hokkaido to investigate changes in habitat use
and preference for newly emerged masu salmon
fry. Fry favored stream margins with shallow,
slow moving water, aquatic vegetation and large
gravel. As fry grew and energetic requirements
increased, they moved to new habitats with
faster, deeper water, and less cover where food
was presumably more abundant. To optimize
growth and survival of young stream-rearing
masu salmon, it is desirable to restore and con-
serve stream margins with habitats suitable for

these valuable fish.
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Biochemical differences between hatchery-reared
and wild masu salmon Oncorhynchus masou
smolts.

Naoyuki Misaka, Shinya Mizuno, Kazutaka
Shimoda, Yoshitaka Sasaki, Kazuaki Naito,
Daisei Ando, Takaya Kitamura and Noboru

Kasahara

Comparative biochemical investigation between
hatchery-reared and wild masu salmon Oncorhynchus
masou smolts was carried out to estimate their
suitability for ocean ranching. Triglyceride con-
tent in hatchery-reared smolts were lower than
that in wild smolts. RNA/DNA ratios and protein
content of hatchery-reared smolts before releas-
ing, which showed a lower specific growth rate
than wild smolts, had decreased in the spring,
even though RNA/DNA ratios and protein con-
tent had increased in wild smolts. Hatchery-
reared smolts under different feeding conditions
indicated that the differences in RNA/DNA ratios
and protein content closely linked their specific
growth rates during the spring. These results
suggest that the energy store of hatchery-reared

smolts was lower than that of wild smolts.
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Effects of growth rate and body size in spring
season on 0" smoltification in masu salmon
Oncorhynchus masou.

Kazutaka Shimoda

Individual body sizes, growth and 0%
smoltification of masu salmon Oncorhynchus
masou fingerlings were monitored during 0°
spring season under artificial rearing conditions.
The rate of 0 smoltification was studied in rela-
tion to the specific growth rates and fork length.
On 14 March all the individuals were at parr.
The rates of 0° smoltification were 14.1% on 25
April and 85.9% on 3 June. Of the individuals
that were 9 cm (in fork length) and longer on 14
March 80% or more became 0" smolts on 3 June.
The individuals under 9 cm on 14 March the 0°
smoltification rates of 3 June were associated
with the specific growth rate from 14 March to
25 April. Of the individuals 11 cm and over on 25
April 82% became 0" smolt on 3 June. The indi-
viduals below 11 cm on 25 April 0° smoltification
rates on 3 June were associated with the specific
growth rates from 25 April to 3 June. On 14
March and 25 April the potential 0" smolts were
larger than the potential parr in consideration of
their mean fork length. However, the critical size
between the potential 0* smolts and the potential
parr was not clear. These results show that the

0" smoltification of masu salmon is influenced
by body size and specific growth rates in the 0"

spring.
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Effect of iron concentrations on hatching rates
of adhesive-eliminated osmerid fish (Spirinchus
lgpceolatas) eggs from the surface .

Noriko Takeda, Satoshi Kusuda, Tetsuo Teranishi

and Kazushi Imada

Expecting the artificial culture of a huge num-
ber of osmerid fish (Spirinchus lanceolatas) eggs

in hatching bottles, we preliminarily attempted to

— 161 —



investigate incubation water conditions for the
elimination of egg adhesives using by tannic
acid. There was a serious problem: that was, the
eggs were covered with certain dark-brown
particulates. We identified the particulate sub-
stances, and also determined their influences on
hatching rates. The eggs examined, spontane-
ously spawned eggs and artificially fertilized
eggs, were collected from the fish returned to the
Kushiro River and Mukawa River. The eggs used
were incubated from November 2000 to April 2001
in the Mukawa Hatchery. Since we detected iron
from the particulates, total iron concentrations in
the culture water and eggs were determined.
Total iron concentrations in the water were 1 mg
L' or greater over the incubation period, while
iron concentrations of tannic acid - treated eggs
increased up to 250-300 g per 20 eggs (total
iron dissociated from the surface of 20 eggs) by
the end of the incubation. Spontaneously
spawned eggs showed a lower concentration of
50 wng per 20 eggs or less. Hatching rates of
spontaneously spawned eggs were higher than
90%, while those of eggs covered with high iron
levels were 70% or less. From the difference in
the e iron concentrations, we need a method for
eliminating surface adhesives from eggs to re-

duce iron attachment from the water.
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Age, growth and sexual maturity of brown trout,
Salmo trutta, in Hokkaido, Japan .

Tomoya Aoyama, Tatsuya Takami, Kazutaka

Shimoda and Tatsuya Koyama

A total of 175 brown trout, Salmo trutta, were
sampled from the Chitose River and Atsuta River

basin systems in Hokkaido, northern Japan, from

April to November in 2000. By comparing fork
length with age, determined by scale analysis, a
correlation between fork length and age was ob-
tained as follows: 7-13 for 1%, 12-27 for 2%, 18-33
for 3%, 29-31 for 4", 31-46 for 5", and 56-57 cm for
6" years. Two fish from the samples showed bet-
ter growth than the others. These two individuals
had probably migrated to the sea during their
second spring. The length and age at the first
sexual maturity were 11 cm and 17 for males and
19 cm and 27 for females, respectively. The re-
sults suggest that, since serial life stages were
sampled from the rivers, brown trout introduced
to rivers have a high capacity to adapt to the en-

vironments in Hokkaido.

6, Lymphocytic apoptosis by infectious hematopoietic
necrosis in host.

Makoto Hatakeyama (Hokkaido Fish Hatchery)
and Katsunobu D. Sakai (Hokkaido Fish

Hatchery) (125—130)

For the pathogenesis of a viral disease, infec-
tious hematopoietic necrosis (IHN), fish infected
with THN virus was studied on the apoptosis of
lymphocytes. Healthy rainbow trout Oncorhynchus
myhiss fingerlings (2.4 g in mean body weight)
were injected with the virus at a lethal dose of
10° TCIDsx per fish. Based on the detection
method of terminal nucleotidyl transferase medi-
ated dUTP nick end labeling (TUNEL), lymphocytic
apoptosis induced by IHN virus infection in the
hosts was confirmed, but erythrocytic apoptosis
was not induced. DNA ladder pattern specific for
apoptosis was detected from isolated lymphocytes
by agarose gel electrophoresis. Many DNA sam-
ples of lymphocytes isolated from infected fish
showed DNA ladder pattern. To determine the
interrelation between signs of infected fish and
the degree of apoptotic response, apoptosis by
DNA ladder was categorized into the following
three patterns: “pattern 1”7, absent DNA ladder;

— 162 —



“pattern II”, weak DNA ladder; “pattern 117,
clear DNA ladder. The “pattern II” was detected
from two in the 5 samples on day 2 post-
infection. On day 7 post-infection, all samples
(N=10) showed positive for the ladder patterns
including three “pattern II” and seven “pattern
I” . From the data, apoptotic responses of lym-
phocytes demonstrated lasting processes from in-

cipient stages to death.

7, Cell apoptosis caused by recombinant protein
from infectious hematopoietic necrosis virus
genes.

Makoto Hatakeyama (Hokkaido Fish Hatchery)
and Katsunobu D. Sakai (Hokkaido Fish Hatchery)
(131—138)

The apoptosis of lined fish cells, RTG-2 cells,
induced by recombinant proteins encoded in in-
fectious hematopoietic necrosis (IHN) virus
genome was investigated by detecting cytopathic
effects (CPE) and chromosomal DNA ladder.
Recombinant proteins from IHN virus genes, in-
cluding N, M and G genes, were obtained by us-
ing the E.coli expression method. RTG-2 cells
were incubated with the obtained recombinant N,
M and G proteins at 15 or 20°C. Apoptosis was
detected by DNA laddering assay. The RTG-2
cells showed morphological changes when incu-
bated with recombinant M protein at doses of 40-
200 px g per ml medium at 20°C for 72 h.
Morphological changes were characterized by cell
shrinkage and marginal chromatin condensation
associated with a typical CPE of cells infected
with IHN virus. Simultaneously, we confirmed
that the cells indicating the morphological
changes underwent apoptosis. This CPE was
shown to be due to apoptosis induced by the M
protein. RTG-2 cell apoptosis induced by
extracellular contact with recombinant M protein
clearly explained that the M protein is essential

to induce CPE formation and apoptosis in host

tissues infected with IHN virus.
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Water plants in Lakes Toro and Shirarutoro,
Hokkaido, northern Japan.

Koji Katagiri, Tomiko Ito, Ryohei Yasutomi,
Hidetoshi Mikami, Yasushi Ishikawa, Seiki

Igarashi, Shinichiro Nagahora and Keishi Takano

Water plants were studied in Lakes Toro and
Shirarutoro, the Kushiro Mire, Hokkaido, north-
ern Japan, in 2001. Seven species of water plants
were collected in Lake Toro and eight in Lake
Shirarutoro. In the two lakes, number of species
of water plants could have decreased abruptly in

the last decade.
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(Short paper) Size of juvenile masu salmon
Oncorhynchus masou caught by recreational fish-
ing.

Daisei Ando, Yasuyuki Miyakoshi, Katsumi
Takeuchi, Mitsuhiro Nagata, Takahiro Sato and

Seiji Yanai

We compared fish size and capture method, by
angling, cast-netting and electrofishing, to exam-
ine the size-selectivity of juvenile masu salmon

(Oncorhynchus masou) landed. In 1999, hatchery-
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reared 0+ masu salmon were marked by clipping
the adipose fin and then stocked in the Ichiban
River, in central Hokkaido. The size of stocked
juvenile masu salmon caught by angling was sig-
nificantly larger than those of fish caught by
cast-netting or by electrofishing between July and
August. The results suggest a size-selectivity by
angling just after stocking. However, there was
no difference in October when all fish grew
larger than the threshold size vulnerable to an-
gling. In the stream survey using cast-net and
electofishing, unmarked pre-stocked 1+ = stream-
resident type fish and 0+ fish originated from
eggs planted the previous year, were also cap-
tured. A comparison of the ratios of unmarked 0+
and 1+ = fish captured in June and October sug-
gested that survival of 1+ = fish was higher
than 0+ fish. Therefore, there may be a size-
independent difference in the catchabilily of masu

salmon.
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(Short paper) Assessment for seawater adaptability
of smolting masu salmon using juxtaglomerular cell
number in the kidney.

Shinya Mizuno, Naoyuki Misaka, Yoshitaka
Sasaki, Yutaka Murakami, Daisei Ando, Takaya
Yoshihito  Shinriki

Kitamura, and Noboru

Kasahara

The interrelationship between juxtaglomerular
cell number and the seawater adaptability index
(SWAI) in smolting wild and hatchery-reared
masu salmon (Oncorhynchus masou) was exam-

ined to determine whether the cell number would

be a useful indicator of seawater adaptability.
Juxtaglomerular cell number correlated with the
SWALI value in both smolting wild and hatchery-
reared masu salmon. The results indicate that
juxtaglomerular cell number is a useful indicator
for seawater adaptability in smolting masu

salmon.
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(Short paper) Reduction of jacking rates by arti-
ficial selection of masu salmon Oncorhynchus
masou.

Kazutaka Shimoda, Hajime Omori and Yoshitaka

Sasaki

In the Mori experimental branch of the Hokkaido
fish hatchery, masu salmon Oncorhynchus masou
males were matured for 5 months (jacks) or 17
months (hooknose) after smoltification, under ar-
tificial rearing conditions. Eggs front 2° maturing
females had been fertilized with milt from
hooknose. Thereafter we monitored their jacking
rates from 1989 to 2000. Jacking rates were
gradually reduced from generation to generation.
The data suggests that jacking of masu salmon

is influenced by genetic factors.

5575 (2003)

1, DNA form homologous to the M2 gene RNA
of infectious hematopoietic necrosis virus in
salmonid fishes.

Kunio Suzuki (Hokkaido Fish Hatchery) and D.
K. Sakai (Hokkaido Fish Hatchery) (1—11)

Infectious hematopoietic necrosis (IHN) virus

belonging to the family Rhabdoviridae with an
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unsegmented single-stranded and negative-sense
RNA genome causes severe and acute epizootics
among most salmonid fishes. Here, we report on
the DNA form of M2 gene RNA (one of the six
genes encoded in the viral RNA genome) in
salmonid fishes. The M2 gene DNA form was in-
vestigated in seven lots of chum salmon,
Oncorhynchus keta, from eyed-egg embryos to
asymptomatic fry derived from adults homed in
four rivers in Hokkaido, Japan, by PCR.
Consequently, the M2 gene DNA form was de-
tected in five out of seven lots. Then, the speci-
ficity of the amplified DNA was confirmed by
digestion patterns with restriction endonuclease,
Xho 1 and by DNA sequencing. The DNA form
was also detected in IHN virus-infected salmonid
fishes and IHN virus-infected cell lines (CHSE-
214 cells and RTG-2 cells). The copy number of
the M2 gene DNA form in these samples was
quantified by PCR. Virions were detected from
IHN virus-infected salmonid fishes and cell lines,
but not from asymptomatic chum salmon fry.
Transfection of chum salmon eyed-egg embryo
nucleic acids digested with DNase I or RNase A
into CHSE-214 cells revealed that the M2 gene
DNA form was detected when transected with
chum salmon eyed-egg embryo RNA and sub-
cultured five times. Moreover, M2 mRNA was de-
tected from the transected subculture cells
supplemented with chum salmon eyed-egg em-
bryo DNA. These results suggest that M2 gene
RNA is reversely transcribed into the M2 gene
DNA form in fish, and also that the generated
DNA form, in turn, is transcribed into mRNA

with no association with the virions.
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Effect of nitrate on clutch size of an amphipod,

Jesogammarus jesoensis, and microbial activity of

leaves: a bioassay.

Tomiko Ito and Hiloshi Kawamula

The effect of nitrate (10 mg * I as NO;) on clutch
size (number of eggs) of an amphipod, Jesogammarus
Jesoensis (Gammaridea, Anisogammaridae), and mi-
crobial activity on leaves was studied experimen-
tally. The precopula of the amphipod was reared
in the treated water for 20 days. The reduction of
clutch size was clearly detected in nitrate at
10mg - 1" in comparison with untreated control.
After 4 weeks exposure with the treated water
(10 mg -+ 1" as NO:), the microbial activity on
leaves was higher than that with the untreated
control. Thus the reduction of the clutch size
could be derived from physiological effects of ni-
trates, but not from the deterioration of food nu-

trients.

3, Effect of salmon carcasses on growth of a
freshwater amphipod, Eogammarus kygi: an ex-
perimental study.

Tomiko Ito (19—27)

The effect of salmon carcasses on the growth
of a freshwater amphipod, Eogammarus kygi
(Gammaridea, Anisogammaridae), was studied
experimentally. The growth rate was determined
by rearing juveniles of the amphipod with four
food treatments ( “leaves”, “salmon”, “leaves
and salmon”, and “leaves with salmon leachate” )
for 20 days. The mass loss and oxygen consump-
tion of leaves were also measured for the three
treatments with leaves. The oxygen consumption
rate of leaves was lower in treatment of “leaves”
than in either “leaves and salmon” or “leaves
with salmon leachate”, indicating that the micro-
bial activity on leaves was enhanced by the pres-
ence of salmon carcasses. The mass loss of
leaves did not differ among the three treatments
with leaves. Growth rate of the amphipod was

higher in “leaves and salmon” than in “leaves
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with salmon leachate” and also higher in “salm
on” than in “leaves”, indicating that the salmon
carcass directly facilitates the growth of the
amphipod. Since the growth rate was higher in
“leaves with salmon leachate” than in “leaves”,
the carcasses also indirectly facilitate the

amphipod growth through leaf fertilization.

4, WIEERER L b EOR R THIES Y 7 T < R
DL

AHIFR CbMmEKERALS) - ik HEE ORER
I ] 377K P AR B IGE R P K TSR (29— 35)
Comparison of morphometric and meristic char-
acters of masu salmon from the coasts of the
Korean Peninsula and Hokkaido Island, Japan in
the Sea of Japan.

Kiyoshi Kasugai and Seong Ki Baek

To clarify the relationship between cohorts of
masu salmon (Oncorhynchus masou), which were
caught near the coasts of the Korean Peninsula
and Hokkaido Island, Japan, in the Sea of Japan
(East Sea), morphometric and meristic characters
of masu salmon were compared. Seven morphometric
characters (fork length, head length, body depth,
predorsal length, upper jaw length, snout length,
and caudal peduncle depth) and four meristic
characters (lateral line scale, pyloric caeca, dorsal
fin ray, and pectoral fin ray) were used for
analyses. From discriminant function analysis on
the morphometric characters, masu salmon from
the Korean Peninsula had relatively larger caudal
peduncle depth and smaller predorsal length
than those from Hokkaido Island. As for the
meristic characters, significant differences were
observed in the number of lateral line scales, py-
loric caeca, and dorsal fin rays among locations;
masu salmon from the Korean Peninsula had
more lateral line scales, and fewer dorsal fin rays
and pyloric caeca. Differences in the morphometric
and the meristic characters of masu salmon be-

tween the Korean Peninsula and Hokkaido

Island suggested that masu salmon caught near
Hokkaido Island were not identical with those

near the Korean Peninsula.

5 RIHANNTBIT ZHETA L BEIOADEL L O
FHAE B

N CmESLRPERLSE) - RSER (ki
SEREENESS) - e B CbigiEsLKERLY)
b Es: (BIFTIE 5 #EREAOKEMRETR) 37—
43)

The mutual relationship between coarse woody
debris and fish population density in the Homakai
river.

Kazutaka Shimoda, Miki Kobayashi, Satoshi
Kudo and Teruyuki Funaoka

Types of accumulation of coarse woody debris
(CWD) and the effects of CWD on pool forma-
tion were investigated in the Homakai river,
Hokkaido, Japan. A total number of 31 CWD
were observed according to the grouping method
by Abe and Nakamura (1996) and 77% of them
were composed of debris from riverside forest by
bank erosion. CWD was responsible for creating
79% of the total number of 72 pools. We deter-
mined the fish population density in large and
small CWD areas. Population densities of three
fish species (Sakhalin ninespine stickleback,
Pungitius tymensis; Siberian stone loach, Noemacheilus
barbatulus; Lamprey, Lethenteron sp.) were high
in the large CWD area. These results suggest
that CWD play important role in creating fish
habitats by increasing pools. Thus, the conserva-
tion of the riverside forest was related to the

creation of fish habitats in the Homakai river.

6, Gi#) BBGRES MY Z~ AL o) B E)
LRERA CILHEESLRFERES) - Wk 18 (kg
SEOKEEMEYS)  (45—48)

(Short paper) Migration of juvenile masu salmon
stocked in autumn into another river.

Daisei Ando and Hiroshi Kawamura
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Some of juvenile masu salmon Oncorhynchus
masou stocked in the lower area of a river in
autumn, 2001, were recaptured in another stream
in winter. It was evident that those juveniles had
been dispersed from the stocking river to
nearshore water with the heavy flood of rain, and
that then they moved up another stream through
the freshwater layer on nearshore water. From
the results, we consider that masu salmon migra-
tion from the originating stream to a pioneering
stream is important in the expansion of the habi-
tat, even though it is feared that an undesirable
influence of the stocking on the ecosystem may

occur.

7, CGEE)  WDIRRIBICHE S e 7 9 < ARE
NV b OIERIT & 2 #RE R OHEE

LRERM LB KEERLY)) - s Cleifiid
SEAREEMREYS)  (49—53)

(Short paper) Estimates of catch numbers by
recreational fishing for masu salmon smolts

stocked in the lower area of a river.

Daisei Ando and Yasuyuki Miyakoshi

The number of hatchery-reared masu salmon
(Oncorhynchus masou) smolts caught by recrea-
tional fishing was estimated by using creel cen-
sus with counting the number of anglers by
visual observation. For two days, just after the
opening day of fishing for masu salmon, 0.78% of
stocked masu smolts seemed to be caught by an-
gling in the lower area of a river. Stocking masu
smolts in the river will be an effective method to
protect masu salmon juveniles from angling if

there is an appropriate regulation.

8, (i) MIELHE)IKREB~< I A ) OfAEEM
FHFIZE CmESLKEREYS) - RSERT Cleifiid
SEREEWREYS) - TE R CeiiE sk ERLES)
Ny TR LS KEEREY)  (55—58)

(Short paper) Fish fauna of Homakai river in-

volved in the Bekanbeushi river system.

Kazutaka Shimoda, Miki Kobayashi, Satoshi Kudo

and Hiroshi Kojima

Freshwater-fish fauna of Homakai river involved
in the Bekanbeushi river system, Hokkaido
Japan, was investigated in 2000. Twelve species
out of 7 families were identified. The most com-
mon species in the Homakai River was sakhalin
ninespine stickleback (Pungitius tymensis). Fish
species were investigated to compare between up-
per and lower sampling stations from the dam of
the river. Three diadromous species (Japanese dace,
Tribolodon hakonensis; floating goby, Gymnogobius
urotaenia; river sculpin, Cottus amblystomopsis)
were not distributed in the upper-dam stations,
but their population densities were very high in
the lower-dam station. These results show that
the dam has a great influence on the freshwater-

fish distribution of the Homakai river.

5585 (2004)

1, Mass Loss of Chum Salmon Carcasses: Observations
in Field and Laboratory

Tomiko Ito (Hokkaido Fish Hatchery), Miyuki
Nakajima (Hokkaido Fish Hatchery) and Kazutaka
Shimoda (Hokkaido Fish Hatchery) (1-7)

The mass loss process of chum salmon car-
casses was observed both in the field and the
laboratory. In a spring stream, Naibetsu River,
Chitose, Hokkaido, northern Japan, the mass loss
was almost completed in about 30-40 days in fall
and 70-80 days in winter. On the other hand, it
took about 250 days for almost complete mass
loss in the laboratory, where the carcasses were
put in spring water filtered by a sponge filter to
remove any macroinvertebrates. The average
mass loss rate (weight loss - initial weight” - day
- 100) was 2.41 in fall, 1.35 in winter and 0.37 in

laboratory, respectively. Since water temperature,
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water quality and flow speed were similar in the
field and laboratory and macroinvertebrates were
abundant in the spring stream, these results might
be accounted for by the lack of macroinvertebrates
in the laboratory. Numerous females of a copepoided
Crustacea, Acanthocyclops vernalis (Fisher), colonized

the carcasses in laboratory.

2, MRS - deisi g & - w2 RN/ UR
JIkFR OB (9—-15)

B LB K ERALSS) - 2w se - (il
SEAKEEWREYS) - Ak 8 (dedeE ST K EERLSS)

FH 055 UL (e e R X D < v B v & —)
Benthic Macroinvertebrates in an Acidified River:
An example in the Yagi River, Minami-kayabe-
cho, Hokkaido, Northern Japan

Tomiko Ito, Ryohei Yasutomi, Yutaka Murakami

and Noriyoshi Tajima

The benthic macroinvertebrates were compared
between the acidified (pH 3.7-5.7) and neutral
(pH 6.6-8.1) tributaries of the Yagi-gawa River,
Hokkaido, northern Japan, in 2002. Taxa and
biomass were lower in the acidified sites than the
neutral site, but individual numbers were not dif-
ferent between the sites. Baetis and other
Ephemeroptera, Lepidostoma (Trichoptera) and
Sternomoera rhyaca (Amphipoda) were very
scarce or completely absent in the acidified sites,
although they were abundant in the neutral site.
On the other hand, Nemouridae and Capniidae
(Plecoptera) were abundant even at acidified

sites.

3, BEFLEOENCE DT - v AL O 1
AL (17—-32)

LRERAL LB R L)
SLAKEERRLS)

Changes in the fish size of salmonid fry and ju-

- B (tisE

veniles by the difference in fixation methods

Daisei Ando and Yasuyuki Miyakoshi

Relationships between live and preserved fish
size at the fry and juvenile stages of chum
salmon, Oncorhynchus keta and pink salmon, O.
gorbuscha were investigated.  Three fixation
methods were tested: 1) 5% formalin diluted with
distillation water (formalin fixation), 2) 67.9%
ethanol (ethanol fixation), and 3) 67.9% ethanol
preservation after 5% formalin fixation for 24h
(formalin-ethanol fixation). Fork length after
fixation with formalin or formalin-ethanol shrank
at a rate of 3.3-5.8%, however the length in etha-
nol fixation showed two patterns, shrinking and
elongating. On the other hand, the changes in
weight were greater than that in length. Body
weight after fixation with formalin increased 8.6-
17.7%, but decreased 6.6-22.3% in the formalin-
ethanol fixation. In the formalin-ethanol fixation,
shrinkage occurred within 7-11 days and became
more stable after 31-38 days in ethanol preserva-
tion. In the formalin-ethanol fixation, the degree
of shrinkage depended on the time of the first
formalin fixation and the initial fish size.
Decreases in weight were relatively greater in the
smaller fish than in the larger ones. The most
important factor affecting the shrinkage of fish
size was the kind of diluted solution of the first
formalin fixation. Shrinkage rates with formalin
fixation were significantly larger in seawater
than in freshwater. To forecast shrinkage in
the formalin-ethanol fixation, it is important that
the first formalin fixation should be conducted
under the constant conditions, and fish size
should be measured more than one month after

the second ethanol preservation.

4, The First Capture Report on Histological
Observation of Largemouth Bass, Micropterus
salmoides, Ovary in Hokkaido (33—39)

Tetsuo Teranishi (Hokkaido Fish Hatchery) and
Hideki Ohhama (Yamanashi Prefectural Fisheries

Technological Center)
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Largemouth bass (HB) was caught for the first
time in a small lake in Hokkaido on July 2001.
The ovary of HB was observed histologically to
see whether the largemouth bass spawned or not.
The ovaries of the largemouth bass (YB) caught
in Yamanashi Prefecture was compared with HB.
The GSI value of the HB was 2.42%. The GSI
values of the YB in July showed a range of 2.5%
to 56%. The ovary of HB contained mainly
atretic oocytes at the pre-matured stage (the yolk
globule stage and the migratory nucleus stage)
and the follicle atresia. Post-ovulatory follicles
were not present in the ovary of the HB. In July
ovary samples of the YB indicated levels were
equal to GSI values of the HB. The YB also
contained oocytes from pre-mature through to the
ripe oocyte stage. These results suggest that the
oocytes of the HB developed on the eve of finish-
ing the vitellogenesis but degenerated without

spawning.

5, BRE RPN ORRMEAL L o v ¥ HEfak LU0
7 T = AGMORBIEHREEAE~G- 2 B8 (41-51)
HOOE CLmE R PERALSS) - e r (e
SEAKEEWREYS) - ArEAl (LHRE KRR L)
Effects of meltwater on acidification in small
stream and osmoregulation in chum salmon juve-
niles and masu salmon fry

Tomoharu Watanabe, Ryouhei Yasutomi, and

Kazusi Imada

We observed the reduction of tributary pH and
alkalinity during snowmelt season in the
Shokanbetu river in northern Hokkaido, Japan.
The lowest pH was 6.28 in the rillet of a tribu-
tary during early snowmelt on March 26, while
SO, NO, and electric conductivity increased. On
the other hand, the mainstream recorded pH 6.87.
The results suggest small acidification during
snowmelt season in northern Hokkaido. When
chum salmon Oncorhynchus keta fry and masu

salmon O.masou yearlings were experimentally

exposed with acid meltwater (pH4.9) for 3 days,
a significant decrease in blood sodium level was
observed in chum salmon fry, but not in masu
salmon yearlings. The findings suggest that
chum salmon fry are more sensitive to acidifica-

tion with meltwater than masu salmon yearlings.

6, CEi) At A rrALRiRE 1 o ST & )1 AR
Y& DBtk (53—58)

THFE sk EREY) - hisEmid (i
ALK - B CLiEEsLKERLS)
Relationship between Artificial Construction and
Fish Fauna of the Gokobiru River, Northern
Ishikari, Hokkaido Japan.

Kazutaka Shimoda, Miyuki Nakajima and
Tomiko Ito

Freshwater-fish fauna of the Gokibiru River,
Hokkaido, Japan, was investigated in 2000, 2001
and 2002. Nine species belonging to 4 families
were collected. The common species in the
Gokibiru river were masu salmon (Oncorhynchus
masow), Japanese dace (Tribolodon hakonensis),
tyuman river sculpin (Cottus hangiongensis),
wrinklehead sculpin (Cottus nozawae) and float-
ing goby(Gymnogobius sp. 2). Three diadromous
species (Tribolodon hakonensis, Cottus hangiongensis
and Gymnogobius sp. 2) were not distributed in
the upper stations became of the erosion control
dam with fishway, indicating that they could not
move through the fishway.

7, U5H) WY 2 T < RO % P
O (Pl (59—66)

LRI CILHRESLKEERALYS) - EiEsE (eifdE
SEARBEWREYS) - AR CILipE TR ERR b))
Estimation of intermediate band formation in the
scale patterns of masu salmon juveniles migrated
into the sea

Daisei Ando, Yasuyuki Miyakoshi and Mitsuhiro
Nagata
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Scale patterns of nine masu salmon, Oncorhynchus
masou juveniles just after migrating into the sea
were investigated. The scales had wide spaced
circuli outside the freshwater zone, and this band
estimated 2-10 (mean 6.8) circuli, while some fish
had narrow spaced circuli at the end part of the
band (intermediate band). We thought that the
difference in the patterns of the band could be
used for a “entry check” to determine entry tim-
ing into coastal waters because it agreed with
the downstream time of masu salmon smolts.
More detailed investigation is required to under-
stand the formation process of the scale pattern

in the intermediate band.
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