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Study on Artificial Seed Production of the Brackish Water Bivalve
Corbicula japonica in Hokkaido

YosHiTAKA SASAKI

Salmon and Freshwater Fisheries Research Institute, Fisheries Research Department, Local Independent Administrative Agency

Hokkaido Research Organization, Kitakashiwagi 3-373, Eniwa, Hokkaido 061-1433, Japan

Abstract: Freshwater Fisheries and Aquaculture produced about 7 thousand tons of fishery resources in 2007 in
Hokkaido Island. Production of the brackish water bivalve, Corbicula japonica accounts for about 15 percent of total
production. The production of the brackish water bivalve peaked in the 1980s, and has declined since the 1990s in
Hokkaido. The decrease of catch occurred mainly in Teshio River, Lake Panke and Ishikari River. Regulations have
been implemented in these areas to restrict the fishing quota and, fishing season. However, the status of bivalves
is in danger of depletion because there is no recruitment. Artificial propagation is required in order to produce
fishery resources, while continuing resources management of wild production to sustain fisheries. It is necessary to
investigate the annual reproductive cycle, artificial insemination conditions, breeding conditions of parents, inducing
conditions of sexual maturation, feeding methods of larvae and juveniles and selective breeding programs in order to
establish artificial propagation.

We investigated the annual reproductive cycle, determined the optimal environmental conditions for artificial
propagation and identified the season in which survival of captive-bred larvae was highest in Teshio River and Lake
Panke. The soft tissue index (soft tissue weight x 100 / total weight) and the gonad index (gonad weight x 100 /
total weight) gradually increased from June to July, and sharply declined in early July. Judging from histological
observations of the gonads, spawning occurred in early July. Artificial spawning was most successful at 5 psu and
water temperature of 25°C. Among spawnings between early July and early August, the captive-bred larvae produced
in early July showed the highest survival rate. These results indicate that the survival of captive-bred larvae is
dependent on the timing at which artificial spawning is undertaken.

It is said to promote efficiency of it because laying eggs is hasty by maturity promotion the artificial seed
production. C. japonica collected in the early spawning season were bred in different water temperatures from 12
to 30°C for one month; the gonad index of females increased at high water temperature and more spawning eggs
were produced. The gonad index of males increased at low water temperature from 12 to 20°C. Sperm motility
decreased from early August to early September. When C. japonica, which was collected in early June of the
maturing season, was bred in different water temperatures and photoperiods for two months, the soft tissue index and

the gonad index of the males and females did not increase. On the other hand, when C. japonica was collected in
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the mid-July, slightly earlier than the spawning season, and the water temperature was raised gradually to 25°C from
one to two weeks, more spawned eggs and free-swimming larvae were produced. In addition, in the group that was
fed by Chaetoceros calcitrans for two weeks, there was little decrease of the gonad index in comparison with that
of no feeding, and then more spawned eggs and free-swimming larvae were produced. These results show that the
maturity of C. japonica is promoted by regulating the water temperature from the early spawning season; the
breeding water temperature for males and females to coinside for artificial spawning is from 20 to 25°C. The parents
must be fed to obtain high survival rate of the seeds.

It is necessary to identify the kind of food, and to establish the optimal quantity and feeding method for larva
and juvenile. C. calcitrans, leaf mold solution or diatom powder were given to free-swimming larvae of C. japonica;
when given with C. calcitrans, the rate of juveniles showing high performance was high and all of them reached the
stage of settled juveniles earlier than those fed other foods for 22 days. When the larvae of bivalve were reared with
a water tank of 100 liters for 54 days, their survival rate was the highest for C. calcitrans, and their average shell
lengths was the biggest in those fed on diatom powder. In addition, the biomass by average shell length, which
increased with the number of survivals, was the highest for C. calcitrans. Next, single and mixed feed of C.
calcitrans, Chaetoceros gracilis, Pavlova lutheri and Chlorella were given to free-swimming larvae of C. japonica,
the survival rate was improved by the mixed-feed of C. gracilis and C. calcitrans, C. calcitrans and P .lutheri
respectively. The optimal quantity of feeding showed that C. gracilis were 20 x 10’ cells per single-fed larvae, C.
gracilis and C. calcitrans were 5-40 x 10° cells per mixed-fed larvaec and C. calcitrans and P. lutheri were 10-20
x 10’ cells per mixed-fed larvae, respectively.

In order to improve the production of aquaculture, it is important that individuals showing high growth or survival
are chosen by select-breeding. Therefore, seed production with artificial insemination was performed in the incuba-
tion room of Hokkaido Fish Hatchery. These seed were reared in a net in Lake Panke, and individuals with large
shell length were selected. Judging from histological observations of bivalves cultured for two years, the biological
minimum sizes in shell length of bivalves were 10.2 mm in females and 8.3 mm in males, respectively. In addition,
the bivalves could inseminate at 3 years old. Then, F2 (second generation) groups of culture seeds were artificially
produced by paired mating between large-sized females and males to examine the effect of selective breeding on the
growth of their offspring. Average shell length for the F2 group was significantly higher than that for the wild
groups. The seeds were bred according to large, medium and a small shell length. The F2 groups were compared
with wild groups on survival rate and growth rate for each class of shell length. There were no significant differ-
ences in the survival rate among F2 and wild groups, but the F2 group showed a higher growth rate in the large
class size. This suggests that selective breeding may be useful for genetically improving the growth in C. japonica.

It is hoped that technology for mass production will be established by using our fundamental knowledge in future.
Although resources recovery is difficult, culturing technology may promote fishery activities while protecting natural

resources.
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Fig. 1. Transition of the catches of Corbicula japonica
in Hokkaido from 1993 to 2005. (Hokkaido Fish
Hatchery report 1996-2009)



Y= MY IO NLRETAEICBET 2058

(t)

700
Panke Lake
600 % Teshio and Sarobetsu river L
D Panke Lake, Teshio and Sarobetsu river
500 ‘
) ‘ ‘ H ‘ ‘ ‘ ‘ ‘
) n ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
7
Il
100 %/ Z Z é 21
I AVl %622222%
oo 9 1 dum
7| |\ Ml vk
MPVPRRLLILLILLPLLILLLLLILL P
- U000n |I a0
(2] (54 [o2) @
= © 0 Iox)
(o) (o2} (o) (o2}

10
©
[2)
—

for]
0
(o2}
—

1977
1981
1983

S = 2 2
[2) [} (2] [2)
— — - —

Fig. 2. Transition of the catches of Corbicula japonica in Teshio from 1965 to 2006.
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Fig. 3. Map showing sampling site for Corbicula ja-

ponica. Letters “A” and “B” show sampling sites at

Teshio River and Lake Panke, respectively. Letters a
and “b” indicate sites for monitoring water temperature
and salinity at Teshio River and Lake Panke, respec-
tively.
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WAERT IR TOBEEMHZEY MZXYIRNED,
FEHRBMEE N CEEREREE 3BHE L, 20
HEMEEBZ EIBEAKICE@ETILicky, &
BEMHEE L, ZoRBEERHETE L Z Lick
DI L AR BT Y OEERREE RO, £, ZT0
AR RS D7k AR L L ORI Th 72 0 o T,

e R

#w R

1. RENB LV TBOKES &K TIES & BIKE
BRUETERIBERDHER

KN OKIEIZE, 6 A EALIERAIC ERL 8 A 23
HiZ 21.7 CClkmfiz "L, ZO®REF L, Z0O
D AIRZEALIX 13.3~21.7 ‘COKPAN TH > 7= (Fig.
4), ¥k 6 H E~HhAIDOR 0 ~32 psu O#HiH TE
B UIkmifiix 7 A 30 H 33 psu TH o7z, 6 4 KA
5 7 H BT T 30~32 psu ZHEFEL, Z0%9
HTHET1~33 psu D12 RKRESEH L, HEDIR
EEEEIE, 6 H9H (22.110.54) 2HEEED 6
H24H (249%124) IZPIFTHRIZEML, Z0%
9 H 10 HiTiX204%0.76 L 72 V&N LTz, Dk
ERFEEE, 6 HOH (21.2+0.53) M hi@EiEo 7 H 4
H (25.9%0.60) 37 CHBRIZEML, Z0%9 A
10 H (21.0+0.59) £ THEITE TN Ui, MOAFHE
o Ho R (104+034) 2HEEED 7 H 4R
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Fig. 4. Changes in (A) water temperature and salinity at Teshio River, and (B) soft tissue and gonad indexes of C. ja-

ponica.
are shown by *(P<0.05).

Each point and vertical bar indicate the mean and SE. Values significantly different from that of June 9 th
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Fig. 5. Changes in (A) water temperature and salinity at Lake Panke, and (B) soft tissue and gonad indexes of C. japon-
ica. Each point and vertical bar indicate the mean and SE. Values significantly different from that of June 9 th are

shown by *(P<0.05).

(13.7£0.40) TP CTHREIEML, Z2D% 9 H 10
H (8.6+039) * CHBIZWHA Uiz, EDEFIHIEE
X6 HOH (9.1 £037) »H&EEMEO7H4H (13.6
+0.50) T THBEIREmML, Z0%9 H 10 H
(83%0.36) £ THBITIET Uiz, MM CliRiA R
BLOEEBEIEHEDITTH4 APS 7H 9 BT
TaRMRL 72,
RUrBoKEZ6 A LA BEEALIZ ESL 7AH
24 i 238 CTimfiizEm_ L, ZORIE N LK (Fig
5)e ZOROKIEZEALIX 15.9~23.8 COHPHTE - Tz,
Wik o A EANZIZ 1 psu BL N o 72h3, 6 HhAid
5N TS psu B T EHFLE, 0% 7 H 30
HIZIZ S 15 psu & 720, 9 A FAJE T 5~15
psu ORI THR Lk, MoOmEERELEIX, 6 A 24 H
HRbEWE (19.7£097) ZmRL7ER, 6 H9H
(18.4+0.47) 59 H 10 H (16.9£0.64) 1T/ TZ
LB BN o Te, HOREIHIESIZ 6 A9 H
(172+1.27) HE&EED 6 H24 H (21.8%£0.65) I
PUFTEINL, Z0% 9 H 10 HIZIE 1522057 ~&

KR U7, MEDAEFERIEEIZ 6 A9 H (6.6£0.32) &
SigmfiEo 6 H 24 B (9.5£0.84) 1T THERITH
L, 9 A 10 HIZi7.6£0.89 ~E & T LTz, JEDAE
FEHIERIZ 6 H 9O B (642055 2H&EED 6 A
24 1 (10.6%0.32) I CHRICEmML, Z0#%9
H 10 HiZiE 5.1 +£0.30 ~EHEICED Lz,

2. BRI R OATEE DEBFEMEL

6 H9 RTINS NEREN DY Y I OMETIFINE;
e DIV NEERE T > THELL TR Y, BELE
10 AR THRREMIZH - = (Fig. 6-1,2), £7z, ki
TIIBE L s ik 5% 2 AR, Y 6
AL (Fig. 7-1,2) LHESN, 6 H24 H
OHETIX 10 PR TRREMTh o Teoizxf L,
HEiX 8 A b s fE A TR (Fig. 7-3) ITEL T
7o 7 H 4 HOWETIIRAM (Fig. 6-3) OFEMAIL9
i 7 kD 0, kETIX 8 k2 THREWITH -
Teo 7H 9 HOMETITRHMY (Fig. 6-4) 23 10 il ff&
THEEH Y, HETHEH (Fig 7-4) 2310 fAfkd 9
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Fig. 6. Maturational stages of female gonads of C. Fig. 7. Maturational stages of male gonads of C. ja-
Jjaponica. 1 and 2, Growing stage; 3, Mature stage; ponica. 1 and 2, Growing stage; 3, Mature stage;
4, Breeding stage; 5 and 6, Spent stage. Bars indi- 4, Breeding stage; 5 and 6, Spent stage. Bars indi-
cate 50 pm. cate 50 pm.

Table 1. Changes in the maturational stages of gonads in C. japonica at the Teshio river and the Lake Panke from June
to September in 2003

Stage Range of
Sampling Sex  Sampling Resting Growing Maturing Spawning  Spent Total no. shell length
site date (mm)

Teshio river Female 9. Jun. 10 10 30.9-35.4

24. Jun. 10 10 28.4-36.4

4. Jul. 2 7 9 28.2-33.8

9. Jul. 3 7 10 25.5-36.6

10. Sep. 7 7 29.4-33.3

Male 9. Jun. 2 6 8 29.9-36.6

24. Jun. 3 5 8 29.5-38.0

4. Jul. 8 8 28.8-32.8

9. Jul. 1 9 10 29.4-35.2

10. Sep. 1 2 9 12 27.5-32.1

Lake Panke Female 9. Jun. 7 7 26.6-35.7

24. Jun. 1 6 7 24.2-35.6

10. Sep. 8 8 27.4-33.7

Male 9. Jun. 10 10 30.7-36.7

24. Jun. 8 8 30.1-36.4

10. Sep. 4 1 2 5 12 29.1-35.6
kA BNz, 9 H 10 HOMETIE 7 k4 THK Elich o7, 6 H 24 0TI 7 Mk H 6 A%
H#& T (Fig. 6-5,6) TH Y, HEIZBWTH 12 ik AHITH Y, TGS TEEAMTH ST, 9H
o RS T (Fig. 7-5,6) 12& > 7 (Table 10 HOMETIX 8 AL THMEKRTHITCH Y, M
Do AU 7T, 679 FICHE L Ic el 2 T AN 12 M S ARSI T, & B 1T 4 IHRAS I
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W<THo7 (Tabel 1),

3. ALERZRAEDKRE

BEONEUE, JkiE 20 ‘CHEZr 0, 2, 5BX 10 psud
FETZNZI 540, 470, 241 BX 22 ki, 25 CHin
0, 2, 5BLU10 psu DEETIXZNZE N 237, 6,587,
7432 BL OO0k, 30°CHisr 0, 2, 5BLV10 psu
OBETIZZENZI0, 1,225, 2,079 BL U394 K TH -
7z (Fig. 8)o TD X 5T/ 5 psu THHRNE < D
GIRAZ B, K 25 CH4r 5 psu OFFETHRDE <
DEEIND A BTz,

4. EHIAI SR HENEB L UVBEEHMEETTOERE M
& AR H OBER
7THTHTIX 7432 RDFEMBHALNTZS DD, 24
R OIplESh BB L OV 10 HE OB EHEH 23 /4
L5ZLixTE R0k, 7TH 9 HOEINEIX 110,274

ki, 24 ReftE O S AEBUE 99,082 Ak, 10 HED

FEHE E BT 44,726 A TE > T2, 7 H 16 H TIXEDN

Boos 30,500 kir, 24 IR O RS ERUE 13,179 AL,
10 H#£ O EHE QBT 38 A TH v, BRI
AR RE LB Lz, TH30HBLXG®SASH
WCOWTIEFEIR N AR SN2 o7z (Fig. 99, TD k&
2127 H 9 HOBEMBI RS L <, BEMHE THEE
L7EZDIX7THIRETHIO BORE ST, THIH
BLW16 HOEN»LEIRE TORERIZENEN

40.6% & 0.1%TH Y, 7H9 HITANTEINZT-> 728
BITHEFETED R D R o T,

Number of spawned eggs / female individual

Salinity (psu)

Fig. 8. Mean numbers of spawned eggs in artificial
stimulation experiment in different water temperature
and salinity in C. japonica. The data shows the mean
numbers of eggs per female individual.

(x10%)

120
—_
5
= 100
E [J Spawned eggs
el [ Freeswimming larvae
g 8 r M Settled juveniles
<
S 60
&
T 40 F
[}
Q
g 20 F
Z

0 []o0 o 38 000 000

7. Jul. 9. Jul. 16. Jul. 30. Jul. 5. Aug.

Fig. 9. Mean numbers of spawned eggs, larvae after 24
hours from spawning and juveniles after 10 days from
spawning per female individual in C. japonica.
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FTRE BB UTe 7 A ARt 2 & fi )
WRATL, 9 I3 TR 7. 7 A LDk
W H K OB HAR R O K AT C DAk N B X
O Totick b0 iElland, £, 7
BTIE, MEREDOHRMER I X OVEFEIE B O HERIIRIE
JINE RO 2R LTc, LL, flfk#iicide A
A D B ORI TN e~z LT B 3
%<, 9 HIZiEKIEHI oA Blig s i, T OREER
1%, XU BTOREGETT SR D Z iz e
ZEERLTWS, MBI 2 EMBEOIREITIL
KIEOM, HIEER G, 1976) 72 & 23%HE B4
BT EPMBILTND, AHFHAE L 7= RKE) I O35
FOR T HIZ 15 km OHEEHTH 0 IZIEHEZEL TH
Y, AEREEIZOWTIEZEN R NEEZ NS, i
HOKBEB 2RI 5, Y~ by Y IO
Y INEFRAIMESTT D 6 AD 7 Higiir T, v
FHOKBIZREINE D b 3~5 CRIEmSHEB LT
W, 62T, ZOKIEDIEI S g & R DR
BOEfTF ORI L Cnb LEbh s, Ll EOKER
Po, RBIKRIZERT SV~ by Y opkEico
WTIE, 6 A B S 7 A BRI TR RS HETT,
6 H N 7 H B2 TR 5 & #



KIANni,

WZE (1941) 1RAbMEE SRR I AR 3 5 BB E O
Y= MU M e UTEREOMMBIZ 21T,
BB 7 A0S 9 A FRIICRSE LTINS,
(1981) VEEERMNIT B3 2 ML W 2E DR R IT-D> VT
BiZE L, MECIIRESRIE KRB 6 A, Bt
T~9 H, HETIEREEGRS 6~7 A, B2 7~9 A
EHELTWD, Ez, 5 (2005a) IEALiEE
HER I S B AR T bR L e < b v
U X ORISR L BN 0O R s B BESIIL L RN
HIZOWTHHEL, WEHHEROKTIZ 7 H F~8
AWmicAa s, EIMEEIALNTZDIX, 7 AT
~9 A A THoTeeHEL TnD, ZD LSzl
EHREETIX 7T A2 9 HIZ T2 » HIZE Y ik
LEIIL TS Z L L, duifaE R oAty co
R T E 3 L OB ic b~ T 1~ AiE e
ESIEEY, RORHHICKRD > THWD Z L35, 4
[l b E AL AL 3 2 RIE)IK R TR B NS R T
I, R O BRGNS X O & — 8T
b DD, #TRHNIEEENR X OREN X b Bne
Ezbhbd,

Baba (2005) IZMEMEY~ N Y I MW, B#E
PTIZIRAE T /KIE 22.5 °C, 4> 2.3 psu BL_EASHEE
FEHELTWD, B (2005b) 1XAFHIITREL
Tev= bV EHES 0~21 psu TR 1 # ARIfIEL,
Z DI HIZ 2~12 psu DEREI R TOREIZ AL,
UF3E 72 PE N ER BT T 4 2~6 psu E B L TnWD, &
7o, AEH S (2006) 13FE ARE/NIE AR EERICAE RS
5= VI OWTEIE S (505 2.0 psu BLR)
SMENITIBIT DEIFHEIE S 2 ME L, KA 29 °C
THIUTHSY 1.0 psu THENMLUIERICHETLHZ L
R LTS, —J7, LR (1995) 1Rk IR CERIHA
Y= bYW EE 600~9,400 ppm (35
B2 1.0~132 psu) DM T TH S K OTH Okl
RicBEHREED) ITLDmMEHRL, THSEING
RO EL DA REMEZRL TWD, wiF - A
(1997) LSRR EY~ b I 2 AW, EHN
& UTHEER L% 5,000 ppm (5 & 8.5 psu)
DOHEKITH H % — By i T d™ Z & TR A0S
ARETHDIEEZREL TS, TDX 9 ICAHDE
BIEFETHEME LT, HATREZ 1~13 psu®
#HPAIZH D, 2~6 psuthEBEL TEY, KiETIE
225 CULEDSKHETH D, DM, FEIEISOEME
BN L LTI TS B W KIZIR U iz iR AL B

e R

BHF N5, AWPFZETix, /KiE25°C, H55 psu
DOEMTHRDEL K DEINNRALNT, ZThHDZ &
5, RIENFEY < hY Y o0 TH DGR & [H
RRDKIEF L O ST & 0 BESNEE RS TRECTH D
TEMHBNERS T,

FEHIR & EGER L OB EHH £ ToAEME L
PEINIRFIA DBIR Z T~ T iR TiX, 7 H 9 HIT ANLE
GHL 72 BEIZI W THE 1 RS 72 OREINERR D% <,
FE72 10 HRIZR T 2 EEHEH £ TOEBEPRD &
Mo, TOMP2 HRiCIXHEIEHEE £ CERT 5
WITRHHNT, Fio HEMBTIET7 A 9 BTk T
1/100 LR OEERITAAT L, ZRLEORETIE2L<
FERNDS A B Do Tee BB - BRI (1991) 13 HE T
) OEEHIIOINEE LS EOAERR L ORREZ TN,
T TR L TR H D B BE H ST/ NRLEE oD A
L, KEIIO Pz S AEROE N L
FEPSEENRINE, EEROMVERITRIIZA >
TEAPOAEENTINBRET DT L 2REL TV5,
ZDRY), KPFETH 7 H 9 HELHTH D WXL IZE
H SN2 BNITIE RS U < 120B 77 & REIRg i [
MBHoTFREEREZ BND, TOZ LiE, KIE)IE
Y= bV I BAW TN ERE 2RI S 2
DT OB SO THEHETH D Z & &R L
TRY, SROFMECIIRE) W ORIERT 5 Y~
oY I O NTRENAEEE I TR S NI T
BoTehd, Ui BRI A TR R RR 22 A R
IZRRDMPNEIARHTH Y, HEEIZHh 0 A BIgAek T
BT 2 08B H D, NIRRT OLEFREI D EH o
e, AR & OVER RIS B sz L,
OEFEFITIIINC S 72 B D B — 7 & B < —F
LTWe, TDOZ L, FEHAREEZ W45 2D
2, 6~7 AIZh e Bl H ORI X A5l B A58
DOFALPHREADE =7 RO Z ENEETH D
Tl LTEY, NI OEINCYEDERME
WA T TERIZOWT S & 5 ITERT B LETMN
Hb.

FIE BAFINEVYIFSOIOEA
RELVICHE~NDHEEE ATES
FENEDEREDE R

HBUTIB W TS TRIREINHNRED Z L i
XV, HFEORKIRERE N TOEERKIR - HHEK
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ZENmbENTEY (B, 1994), =YV 77U YO
AR TTIRKIR G TR AT S 5 FIEBHRE S
TWs (AR, 2005), THHA TiEEAKRIZELS
WD, REE~OIRERSIRNTH Y (AW, 2005),
TAORIZIB T B AFE R O JEE Tk O, H IR
G, 1976) 72 EMEEICHET 5, Lrl, b
DOLEMRY < bV Y I ORBITEAT 20T <HS
IMT 722 TWIRY,
AETIFARNRIRICERT 2y~ b Y 2 2k
FHT R e 1T X 5 BRI 2 HINiT, ZEFER AR AL,
T OEFRER LN TLENEEREE LT, Kiie
SRR OFE I X B AR ER) R O W REME A L T,
iz, REHAORE O N TR S Lo L8
OBIRIZHONWTHINRTz, B (2005 a) 1TAFBIINRE Y
T E 7 A R~9 A LANCEIMEES RS D Z L
PHELTRY, JbdmEsTKEENLIE 23T o 7o BE RS
HAOFRAAE I TIX 1987 4E Tk 8 A NH)~9 A k4],
1988 Tk 8 H FAI~HfyLftEeshnTtnsd, £Z
T, AFE-OTIIAFIINEES Y I OREIIREH 2P S
N5 7 AR ZERL, KiRIZX 2 PR %
Bt Ulc, ARE-QTITBERZEITHYD, iy
WThHd 6 HITRHEZRILL, KR IO OH
fifilc X 2 AR R Iz oW TRRET L e,

M- EENEFEAICEFBHKEREIZLS
RERESN R DIRET

MHBERE

2002 4F 7 A 28 HIZAIFI AfHED > ¥ R G
KR 1~1.5 m) 2H@EHWTI Y IkE Gl
EAEL 20, FHdE 27.551.08 mm (BEHEGRE))
PEEL (Fig. 10), RAe5KkiE (12, 20, 25, 30°C)
T2y MZATTEB L, fEIIX90 DT 7
VLKA Z VY, KRR 120 A2 RAEL T L —
TarvELZEBLIEKTIH2 HETHHE Lz, &
KIZAFNKR T Y JMIGIBEL TR < b
VIDAEREHEEL THDEENINOKEH, H
2~3 [AIKE O] 2/3 R L Te. AKIEONEIZER
10 BFRIZATV, BRI ITIAZRD 100 V EBXE — & —
ZH Wiz (Table 2).

fAEMTRIizc7 H31H, 8 H5H, 8 HI9EHB X
C9OH2H® 4, 1 8y MIONWTH 20 flfkizD
W CHRIARERFEELE & OVERR IR R A T~ Te. 2 DR,
BRI ICEE 2 G Uik 8 (ks & X
100/ AHG) &R (RFEER X100/ 2 E
) R Uk, WiEROMITR T + ak s

Japan Sea

Makunbetsu
river

Barato river

Ishikari river

(P
5km

Fig. 10. Map showing fishing ground (O) for Corbicula japonica and river water intake place (@) in Ishikari River.
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Table 2. Setting water temperature in Experiment 1
Setting temperatre 12 20 25 30
(°C)

Lot 1 2 1 2 1 2 1 2

Mean 12.1 12.2 18.9 18.8 24.3 24.1 29.1 29.4

Maximal 16.5 20.2 26.5 26.7 25.8 26.9 30.7 30.7

Minimum 10.4 10.4 13.7 13.7 19.6 17.7 22.0 25.2

Standard deviation 1.14 1.25 1.89 1.78 1.42 1.66 1.34 1.31
TRLk, £, WEROHEBICOVTIE, 7H 31 (%)

" = 26 -

HOAEITR§ 5 FEED2EDKREP BE Lc. £D Female

BR, i3 2R ES RS S NG EIE L s
WA T, 380 5N WA ITE Kruskal-Wallis #
EZV, HEEORMEIX SN AEETIT- T,

HAEESEIZSHSH, 8 HIOABLW®I A2 H
D 3 MEFATe, OB, HAFEZY Y H LA
TR ZEXy NTHAERY, RS54 KTFTRAEDS
psu VRTICIEG ) U HMER TR 28 1285 L,
HERIC XD &<Ernigit—, BEBHLTWIET
OBITIEL, 0%%—, 10%AFEE, 10~30%%+,
30~60%%++, 60%EL E&E+++& LT,

T, WEPD SHBED S H 5 HIZ, KdMRE 25
A 12 M A 2 SR 2 1Tl U BE IR FE & 4T N T RE BT
BEFTe, HEHZES 5 psu Ok AT
WIRE N T 4 CTRIE L 721, /Kii 25 CHi4r S psu
B L, BEINBEMR L. STEORENEIT, R
K500 m DS H 1 m Mz ITHENDINEE, Ft
Bk W Ic EARBEMEEBIZIc L 0 3 \EHL, 20
LI AR 500 A Z itk v Rk, WIEEOT
KAz X v =X AL G, 1981), 1 kB Y
DOREIE (REINEL MREE) &I U, HEous
JE 5 psu iSO ICIE, KT HHEEETICH B
e ST K EERMRAL G OB K Z AV, kiddbmE R
MTIZ & 2 AL ST i gk E SBR G Ul S e Rl
DORIKMEAKER N,

w8

M HRAREFEENT 7 A 31 B (22.3%£0.85) 225 20
CXT8HSH (17.8+1.00) T THRIZIETL,
ZOMITEALR A NI o T (Fig. 11). MO
TRIEHIEX 7 A 31 H (19.5£1.20) 225 20 CR T8 A
SH 43111 @iy TaRicEmL, 9H2H
(162+0.48) T THRIZIETLE (Fig. 12).

24
: -m
2 22 ek
E !
o 20 ‘
2 N \ﬁ
g 18 A
& 1 12
= L - ) L
% 18 A-20°C

-#-25°C
B —e—30C |
12
Early Middle Late Early
August September

Fig. 11. Changes in soft tissue of female C. japonica
in different water temperatures. Each point and vertical
bar indicate the mean and SE, respectively. Values
significantly different from that of July 31 st are de-
noted by *(P<0.05).
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Fig. 12. Changes in soft tissue of male C. japonica in
different water temperatures. Each point and vertical
bar indicate the mean and SE, respectively. Values
significantly different from that of July 31 st are de-
noted by *(P<0.05).
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OEFERIEHTIZ 7 A31 H (114%0.72) 25 25°C
XT8H 19 H (124%+1.46) 1ZH»IFT, 30°CIXTIES8
HAS5H (3.6%1.16) P THRERIKHEMLZ (Fig.
13). HEOEREHIERTIZ 7 A 31 A (7.38£0.69) 2
512°CIXT8 H 19 H (9.93£0.58) 1221 T, 20°C
XTiX8 A5H (11.8%0.83) IIF THEICEML
7= (Fig. 14),
WEAEERETIZ8 H 5 HD 12 CRTIX 9 filtkd 5
B o5 A+, 2 AR+ THH S A+ ET
Hole, 20 CRTIF 12 AKD 5 & 8 EFKA+, 4 1A
HWR++THY, 2THR+UETH -, 25 CXTIX
10 fEfRF 6 A2+, 2 HER++THY, 8i#IN+
U ETHoT, 30 CIXTIE 8 Mk 5 k23 +ThHh

14
13
%
S12
S
b
<l =
g N
310 x
&) ) —0o—12°C
9 4 A 90°C
¥ --m- 95°C
8 —e—30c [
7
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of female C. japonica in
Each point and vertical
Values

Fig. 13. Changes in gonad
different water temperatures.
bar indicate the mean and SE, respectively.
significantly different from that of July 31 st are de-
noted by *(P<0.05).

v, HiX1fEEORTHoT, 8 H19 HD 12 CRT
X 13 R 7 AR+ THY, ++BIR+H++0R3Z
NEN2BELC1ETHY, H8ER+LUETHo
Teo 20 °CTIE 16 fitrp 6 filfE23+TH Y, 3 filfED
++THY, F6HB+LUETHo, 25 CRTILT
At 2 AEB+THY, +ELRIFH3ETH - T,
30 CIXCid 7 ik 1 fEfE DA+ THoTc, 9 H 2
H? 10 ‘CIX T 21 &g 7 823+, 2 EFER++
THY, +L R4 ETH o, 20 CX T 16 1
W5 H 1 fAER+THY, +EL T 1HE T TH-
Teo 25 CRRTIX 9 filiAD 1 filiE3+TH Y, +EL R
FI1EITHo T, 30 CKTIX 2 MDD 5 B -#ES)
DOH BB AR > Tz (Table 3) TDXHIT 8
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Fig. 14. Changes in gonad of male C. japonica in dif-
ferent water temperatures. Each point and vertical bar
indicate the mean and SE, respectively. Values signifi-
cantly different from that of July 31 st are denoted by
*(P<0.05).

Table 3. Sperm motility in the different breeding water temperature

Experimental
plot Date

5. August

19. August 2. September

breeding water

temperature Number Sperm Sperm motility Number Sperm Sperm motility Number Sperm Sperm motility
nothing - + + ++ nothing - + + ++ nothing - + + ++
12°C 9 2 5 2 13 1 2 7 2 1 21 2 10 7 2
20°C 12 8 4 16 1 6 6 3 16 1 4 10 1
25°C 10 2 6 2 7 2 2 1 2 9 3 5 1
30°C 8 2 5 1 7 1 5 1 2 2




A5 BS99 A2 BIZ2TCTE 1 OB fE 2 ROl 4
DHRKIZETF L, Fiz25 BELU30°CL v IEED
12 B L 20 ‘CTEBRED T VMEMA D L3R A3 e 7
ZmLTe (Fig. 15),

ANTLFESNC X 2 RE0N%0%, 12 CXCIXEINEIA D
T, 20 CXTiX 11X T 14,869 hiDFEHBIETH -
Teo 25 CIXTUX 5,560 ki3 & TR 17,663 i D 2 H A3 Fx
5, 30 ‘CIX Tl 30,593 ki & U8 2,119 ki o Hi 51
BThHol, FHMTITEHDOAZ LN 20 'CIX, 25
CXB XV 30 CROFEHINBULZZENEN, 7,434 K,
11,611 Bi B KT 16,356 hi TH o7z (Table 4),

A Sperm motility
+++

O0O0NEE

AT
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20
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25 30

Fig. 15. Sperm motility in different breeding waters.
A, 5th August; B, 19th August; C, 2 nd September.
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1. JKBIZ & 5 AR EER

2003 -6 H4 HB LT 7 H 16 HITHFFIm AR
DY I ORI 1~15 m) 5@z AW T
FREE L H 72 DK S CHIB 217 o Too i H OFREUE
PRI DN - R + BEMERR S 13 2 2T 160 1A,
SR 28.120.69 mm B X OV 130 R, SEEEE 3
50%0.92 mm THol, FEICIT60 DT 7Y AK
WaERw, =7Lr—yarl, MMHMN2 HomEEK
(EEBDIIINAK) #2587 (Fig. 10). 6 H4 HIZ
B UGB ZBHE LIZBHIZOWT, EHE 25 CTHE
LB RBRIX 1-1, | 7 AT TR A ITKIR%E 25 °C
W EFSEREERRIX 2-1 L L, BARp)I)iko k
REREL T2 ¥ AP THRAITKIE% 25 Clz ES
SV AR 3-1 & L7z (Table 5). 7 H 16 HIT
B UEE 2B LRI W TIE, EH225Clc bk
FERTBEZRRIX 122, 1A THR AT 25 Cl
bR EEERERRX 22 £ L, 282~ T25°C
W B ST REERERIX 3-2 & L7z (Table 5), /Kl
OFVEIZ 100 V OB TIAAXBR L —% —Z2HNT
fEHITo 2,
fAEHMbice H4H, 7TH1H, 7TH14H, 7H
23 HB XUV 7 A 30 Ho 5 [0l, #RA&GIEEE L O 4|
HRIEE 2T, BRI 1-1 122V TIiZ7H 14 HE T
fiote. MEEIIBAREFICER AWML, WIKEE
B (RAESE R X 100/ 2FEE) L AEMBEE (45
RER X100/ 2HE) ZHMH L, WHEHOMITR
Tl + RS CR Lie, £, WIEROHRIZ
DWTIE, 6 H 4 HOEIZHE 2 SE4E D 25 DRE D
LIELTc, 20K, s 2RHICE M ED &

Table 4. Mean number of eggs spawned by artificial stimulation at the different water temperature in C. japonica
Number of spawned eggs / female
female individual Number of spawned eggs ~ (10%) individual (10%)
water
temperature 12 20 25 30 12 20 25 30 12 20 25 30
(°c)
lot No.1 5 4 3 5 63 59,475 16,681 152,963 13 14,869 5,560 30,593
lot No.2 4 2 6 4 0 0 105,975 8,475 0 0 17,663 2,119
Average 32 29,738 61,328 80,719 6 7,434 11,611 16,356




Y= MY IO NLRETAEICBET 2058

NGB XU 21T, B bR nEA
Kruskal-Wallis & Z AV, HEZAEOBREIT 5% K
TErotz,

NLFEIBIZOWT, #BRX 1-11X7 H 14 HiTH
BoO—HEGY HL 7L RT— MR, FARBEMSE
THRBEBR L 25, JIENTINESER LK
SHNTH B LD, 2005a) ALY, TH
19 HIZ AT % Fo Tz (Table 5). Z DOfth DR
X 1-2, 2-1, 2-2, 3-1, 3-2{T2W\WTix 7 f 30 HiZFr»
Too BEERH AR 20 A Z 5 5 psu DHFEKITA
NT—BR R EN T 4 CTREL 2%, /Kl 25 Cif
535 psulc®B L, PEUNEBARER LTz, 5 psu ik
OVERIZHER U 72 ik 8 X Bk iz oW ik & [\
& LT, BHEOREEINENE, B/ 500 me D55
1 m@ M7 ITEENDINEZ, FHEMEZEHWIF®
PIMEEEEIc L v 3 MIFHL, 2O EE%E 500 £
THZLITL kT, NIKEDEIT LY X
BIL WL, 1981), M1 ik 720 ORETIE (RN
B MEEAE) B X O 24 BRI o iRlEsh A (PRl
AR WA R & LR Uz,

2. ZFEHAAEIC &k B BVRERER

2003 4E 6 H 4 RIZHAD & B0 ik H A FRE L B2
5B N CRB 2T o . WBEITIZ 60 € OT
7Y NKMERY, 7L — 3y BIOEEKDRE
PUTATR & MRk & UTeo SR o fRB Ak ok pE

WAL O SRR E  CREBM KRS8 : PROG
RAM TIMER) Tifro7c. AFFIITOY< I TID
PESNRFNZAL S (2005 2) 3 K QLB K EMRAL
(1989, 1990) Itk B ELZENnZEn 7 HTFA~9 H EA)
BIO8H R~ STy, HRpIEY< b
Y I OO 8 Ak LHGE LTz, BERME
*# CERE 1S FER) icky, YFE0E=E (6 H20H)
O HERNE 15 BFf 21 43 TH v, HE L 72 pEoniieg
B (8 ArA) 1X 13 KR 50 B TH o T, fAEBAAIT
B EHEH ERR 13 R 50 2 CRIESHEL L 72X 241
H GRBRIX 4) & L7, fEZIBDE 6 H ER»GE
SRHARHA D 8 HHAIZE S B L Z 80 HD 5 B, P4
@ 40 H TERINVHIEL O 0 &R (13 B 50 23) (i
ETDH XML R EZHRX 5 & Lk (Fig 16,

: —— Natural day length
1530 |
077\\ —O— Test4:Short-day treatment
.41 ———ae - —e— Test5iShift to short day length in 40
15:00 i days
| \
l— ——e .
E 14:30 ;
=) |
E‘ 14:00 :
b—o——o0——0 ®
13:30
13:00 T T
Jun. Jul. Aug.

Fig. 16. Photoperiod setting experiment.

Table 5. Experimental scheme to examine temperature and photoperiod induction of spawning in C. japonica

Test . .. Artificial
o8 Method Breeding Condition Breeding period .r ! 1012.1
number Stimulation

start end
1-1 temperrature water temperature of direct 25 °C 4.Jun.  14.Jul. 19. Jul.
1-2 temperrature water temperature of direct 25 °C 16. Jul.  30. Jul. 1. Aug.
2-1 temperrature Raised a breeodlr.lg water temperature 4. Jun.  30. Jul. 1. Aug.
to 25 °C in one months
Raised a breeding water temperature
2-2 temperrature t0 95 °C in one week 16. Jul.  30. Jul. 1. Aug.
i Raised a breeding water temperature
3-1 temperrature to 25 °C in two month 4. Jun.  30. Jul. 1. Aug.
Raised a breeding water temperature
3-2 temperrature to 25 °C in two week 16. Jul.  30. Jul. 1. Aug.
4 Photoperiod Short-day 4. Jun.  30. Jul. 1. Aug.
5 Photoperiod Shift to short day length in 40 days 4. Jun.  30.Jul. 1. Aug.
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WT 20 CITREE LT, A alBRIX O EARENTHAY 70 1 i
Ll

fAEMMhice H4H, 7TH1H, 7TH14H, 7H
23 HBLOT7H30 HD 5, #£REBRX 15 ki
W CHRIATRIEEES & ORI E R A T~ oo SRR TR
¥, EFEIEB OB R X OEEEO 2 OBRE I RTR
DRV THD, i, NLEINZ 7 A 30 HITHiE
DOFETIT, NLREINIZ X 2 pENEER X ONaliesh 4
DA & OBRERE LTz,

3. RE~NOREOFEELBINHE L VREEHEHD
A

2003 457 A 16 HITHFFNIR AAHED ¥ X il T
A AVERE L 2l H 2 B 60 iR 2 BRIt L 72
(Fig. 10). JKEHIZ 60 ¢ 727 U A/KBECHEHEL,
Chaetoceros calcitrans (8370 @ HIRFEERR) ZfF L L
THARHIX & A AIX 4% 30 itk & L, [4E7 A 30 B
FCHBE L. WMERIZ1 DY 50 m0 (J2REES
EAlifame) &Lk, 7TH16H, TH2ZHBLXWY7T
H 30 HIZHTIR O 7 THARIREE IS & ORI EL
Rt LTz, E£72, 7 A 30 BIZBERR O TEIZHEN A
TREIN ATV, PESNELE & QN lEsh A B & 4 L e,
fFEAKIERIE 100 VORITIAARE R —% —Z2H»
T 20 CIZHE LTz,
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1. KIRIC & % BB R A BR

ORI IEE X 6 H 4 H (19.8£1.01) 255k
X2-1T7H14H (158%£097) BXU7H23H
(15.0£1.23) T THBIETFL, HBRX 1-1 TIX
7H 148 (150%1.37) P TE R LFig 17).
HEOBRAEIEEIX 6 H 4 B (18.3%0.90) 2> 5 alBrIX
2.1 T7TH 1 H (146%£1.60) IZHIFTHRIZIETFL,
FBRIX 3-1 TIX7 A 14 H (15.0£0.94) 120 THR
WIETRL, BB 1-1 TiZ7H 14 H (13.7+0.80)
P THREIE T L (Fig. 18).

D EFEFIEE L TIZ 6 A 4 H (82%0.63) 25 7H
30 HiZh i TEBRIX 2-1 TiX 6.81£0.70, #ERIX 3-1
TIiX 6.3+0.80 ITIE L, FABRIX 1-1 TIZ7H 14 HIZ
M T 6.6+0.90 IR L2, FREETRDLNA
hote (Fig. 19). MEOAEFHEFEETIZ6 H4 H (7.1

g

e R

+0.53) PHMRMEBRIX 1-1 T7H 148 (47+033) I
HEITK R Lizfhic 2 iz bhie oz (Fig. 20).
O X 5T R L OVERE ISR & b icnTh
OifBRIXTDH 6 HITERI L 7 RETORINE A S ia s o
7o
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Fig. 17. Changes in soft tissue index of female C. ja-
ponica in different water temperatures. Each point and
vertical bar represent mean and SE, respectively.
Values significantly different from that of June 4 th are
denoted by *(P<0.05).
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Fig. 18. Changes in soft tissue index of male C. japon-
ica in different water temperatures. Each point and
vertical bar represent mean and SE, respectively.
Values significantly different from that of June 4 th are
denoted by *(P<0.05).
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15 —0— Test.1-1
—o— Test.2-1

- -k - Test.3-1

13

Gonad Index

July

June

Fig. 19. Changes in gonad index of female C. japonica

in different water temperatures. Each point and verti-
cal bar represent mean and SE, respectively. Values
significantly different from that of June 4th are de-
noted by *(P<0.05).
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Fig. 20. Changes in gonad index of male C. japonica
in different water temperatures. Each point and vertical
bar represent mean and SE, respectively. Values sig-
nificantly different from that of June 4 th are denoted
by *(P<0.05).

2. I &k B R ERESER

MEDHRAEETEEIL 6 A 4 H (19.8£1.01) 25 ilbk
X 4 BIOHERX 5 T7H23 H (159£0.86) Zni)
THRBITE R LicfiicE iz A b h o (Fig
21), HEDOWMAEEHTEEIZ 6 A 4 H (18.3+0.90) H»5Hik
BRIX 4 BLOERBRIX 5 T7 A 23 HIZZEhFh 143+
045 BX U 1512057 ITARITE TN L (Fig. 22).

WD EFERIERTIZ 6 H 4 0 (82%0.63) »5Hikhk
X 4 B X OEERX 5 T7 H 23 HIZ» P TEhZEh 6.6

+0.66 BETV6.61023 T T LA, AREETRD
bivieirote (Fig. 23). MEDQAFHEIEETIZ 6 A 4
H (7.1£0.53) »HRBRX 4T7H 1 H (5.8%0.46)

BELOT7H23H (55£0.50) I THREITHAD L,
BRI S TIZ7T A 23 H (54%0.54) 2P THRIZ
WL (Fig. 24). T X 5 ITHRAEHEE IR L OV
FHEARE L DIV TNOFRK TH 6 HITHIL L 725

TOEMIAR S NIRP- Tz,
30
28 [ —®— Test.4
26 |H
] —O— Test.5
[
=t 24
=
S
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b L \§\
g 18 1 T
R \§\I//
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Fig. 21. Changes in soft tissue index of female C. ja-
ponica in different photoperiods. Each point and verti-
cal bar represent mean and SE, respectively. Values
significantly different from that of June 4th are de-
noted by *(P<0.05).
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Fig. 22. Changes in soft tissue index of male C. japon-
ica in different photoperiods. Each point and vertical
bar represent mean and SE, respectively. Values sig-
nificantly different from that of June 4 th are denoted
by *(P<0.05).
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Fig. 23. Changes in gonad index of female C. japonica

in different photoperiods. Each point and vertical bar
represent mean and SE, respectively. Values signifi-
cantly different from that of June 4 th are denoted by
*(P<0.05).
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Fig. 24. Changes in gonad index of male C. japonica
in different photoperiods. Each point and vertical bar
represent mean and SE, respectively. Values signifi-
cantly different from that of June 4 th are denoted by
*(P<0.05).

3. ALERIZ & DI E & VR TSN EE D L8

6 H4 HP OB ZRBLIEHD S b, BRI 1-1
TTHI9HIZATENET T T A, 1,620 hiDRE
PARHZ NS DD, 24 Wil OIFHES EITFERLT
Eiphol, 6 H4 AL EBEZRKBL, 8§ A1 HIC
NLEEINZ1T - 7o ikBRIX 2-1 OpEIIET 4,833 ki, 24
I8 D IR sh A 800E 1,396 A TZ - 7. U < BBk
X 3-1 TIREEINI A S NR o T, ilBiX 4 BLUS
TIRZENEN 2,174 Kr, 2,000 Br DFETIS I ST A3,

e R

24 R OIS EBITNTND 0 TH oz (Fig
25),

THI16 B bEEEREBL, 8 A1 BITATEIN%E
oD 5 B, FRERIX 1-2 TIZREINNRA SN2 D>
dhoo, RERIX 2-2 B LU 32 TiEZENZI 53,300
RLd8 KO0 202,538 WL DFETN S A B AL, 24 Rl OFHE
HAEBIXZENZ I 18,300 B LW 157,692 ik TH - 7=
(Fig. 25). T & o0z, TH 16 HicBREL, 2:HM
BIT NTREDN U T2 T CRE N B L Nl sh A 5h3 %
<, FRIZEBE KR EHEPPIC LRI EIHTEL L DI
WS AR L 2,

950(x10%)

[JSpawned eggs
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[0 Free-swimming larvae
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L6 5 4814 0 ¢ 22 0 200 00
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Fig. 25. Mean numbers of spawned eggs and free-
swimming larvae 24 hours after spawning in C. japon-
ica, in different water temperature or photoperiod
conditions.

4. BE~DOHREOFELBINE S L VEEHERK
W DIRAERIERIL 7 A 16 H (30.8+1.13) 2 HAGER
KTiZ7H23H (240£120), 7H30H (204=*
0.84) 1T CTHBIZETNL, EfEX TS 7 H 23
H (23.0%£1.17), 7 H30 H (20.8%1.56) ZH» I} TH
BIUET L, MEOAEFEREHTIZT H16 H (142
+0.70) 2 HAFEHKTIL 7 A 23 HiZidgs k<, 7H
30 A (10.3%0.69) IZAHRITHD L, HEHAAFX Tl
7H23H (109*0.67) BXU7H30H (9.5%£1.19)
T THRIZE R Lz (Fig. 26).
HEDWRARERIERNT 7 H 14 H (26.6+2.8) 7 SAHE
KTix7H23H (21.1+089) BXIWU7H30H
(20.0£1.17) I THRITIE R Lz, WHEAFX X
7H23H (21.1£0.53) BLOG7H30H (17.5%£0.91)
T THRIE R Ule, QAT ESREITFA X T
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7 H 14 H (105+£0.99) 257 H30H (8.8+0.67)
FTEAEN L, MBEFXTIX7 A30H (7.11£0.81)
WCHBIE N L (Fig. 27).

ANTREEIE o & 25, WX OEINEIL 58,580
KTHY, 24 KEHE OIREY)EEIE 14,516 AR TH -
Too MEASIX DOFEINENZ 1,100 B TH Y, 24 B DT
Wesh 50X 1,000 ik TH -7 (Fig. 28)s TP XS
ICHRE AT S TeHETE K DREESIRA DI, % < DTl
SRR LT,
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Fig. 26. Changes in soft tissue index and gonad index
of female C. japonica in feeding and non-feeding con-
dition. Each point and bar value indicate the mean =+
SE respectively.  Values significantly different from
that of July 16th are denoted by *(P<0.05).
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Fig. 27. Changes in soft tissue index and gonad index
of male C. japonica in feeding and non-feeding condi-
tion. Each point and bar value indicate the mean =+
SE respectively.  Values significantly different from
that of July 16th are denoted by *(P<0.05).
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Fig. 28. Mean numbers of spawned eggs and free-
swimming larvae at 24 hours from spawning per fe-
male individual in C. japonica, in feeding and non-
feeding conditions.

x5 ¥

LFINZERT DY~ by ¥ 2 O TH 5
7THTAIZER LY < by Y I HEE 12~30 CH
R 2K TR 1 7 A S UIRARETEE, A5
BIRHB X O HERRE %, E/fFE 8 HE o NTHE
YN & BB AIRIC X 2 e ER R ARGt L e, &
DOFER, WRAEERFEENZ 20 CTHRE LM THE 18
R L, HECIiXfm®E Efgicdme, 1 2 A
BITWD T 2B S NI, LR TII T
25 CR XU 30 ° CTENEN 3 AEMBKI X O 1 A%
IS 2B A B, HTIX12°CRET20CT
FREN 3 EBSE L OV 1 ERS I B W m 282
bz, TDX 5 ITHETIZ 25 CR L 30 CoOmKIR
BN THIRIEEEETIFELR R SN R o Te s, 2
FHEFREOREIN T 2 MR A BN Z L b, AFHE
THHEBIEPEATNE LD EEZX NS, FAEID
8 HBBIC NTREIN 24T o Tk R TIL, BEH IO
ETKEDEHNWXTEL K DERNRLSbNTZ, ZDZ L
o, PESVHAGIAICERE U fz T ik 25~30 Clz &8
THZEITEY, RADMEME SN N TR A D T RE
THDHIEPRENT. —H, HETIZ12°CBXU20
COIE/KIR TR BIEE SBT3 B, K
FOEBRETIX 8 A B h), X529 A A
P THFEEZ R OME R DR < Ro e, HETIE
20 ‘CEURN CHBEE I L 728 TR g &2 fo ik o
FEHEREmWER ZR L, SRERIFES J O£
LRBEDOMAEZR Uz, DT LIXfHEEHT S KIE
NETEDeHELLELTAEEDEX SN, AT



BENAAT 5 BRI o0 PE SR BORS R 2 [RFH L T B
BRI RTHD L EEXEDED L, SHORE
W B IEZR/KIRIZ 20 C~25CEE X BLD,

Y= b3 Y I OFREURHZ FEINI D & BT R,
HRITORBINTH B 6 A _LA)h 5 e 5 kiE BB
BIONEAYREE T2 » AMEEEEIL, SRR
DOHERE D B AN T2 A UTc. Z ORER/KIRER
Biediik Uiz, &GS EEE 25 CTHE LR,
fEBE2S 2 » A TR A 12Kk % 25 Clc ER &
VR, fERB»S 1 7 A THhAITKEZ 25 Clc
bR, WS DT, AR X OV
BIRE L I s, KA ERRIEA LN h o
oo Ele, HEREZHFEL, RO EHEE X
NAEHERBECTHE LR L OCEKRHEN SR HA~
O 221250 0 AT ME L e fEofivcd, i
Jift & S ITERAERIE S K OVERE B RS & b I3,
IEMEERI R IT A B o To. IRICN LRI 2T,
BEINEL L 24 R OB ED AT O N THAL 2 &
Z A, PESNHABHAAREEAD 7 H L0 1AW 7 A
ANZERILL, 1~2 BT T A I2kiid % 25 Cic |
FEETRECREINVEI L R L oTe, T
DZ b, FEIHNTR ORI 2B L /KRR
fiTBZLicky, RAOENY XY B FETERET
X 5 [REEI RS N,

ZDXoice H AL 2 » ARG LT
FAKIR B X OFJHIAGM I X > TR S I3 24 &
N9, NTREEINEES X ONEBES) R Tl h o
TeDITRL, 7 AHRANICERIC L /KIRFRE L 72 BT <
DOREHINE X OVRESD LS Sz, Ak coRH
OFEEHTIE, fBEKELERERBETHDW)IIKEH
WTNSH D0, IRIEEHHICELWEHERETH -
e#Eibhbd, kiT7TAhaIZERRRL, C
calcitrans % 2 W5 2 THE L BT EE ORI
HEANTHEIEEIE B OWAD 03072 <, KNTEINC X 5 5
IR X NREGIEO LB O L o T, TOT LM
5, NITHEH A IZRWTIIRH O E S HITITAA
THZENNETHDZ R INE, EL, &
5] 5 AH L TUEHR AR R £ 3 K OVERR B FR £ n o3
RoNBpolcfind, SBIEIERGIES X O%E
fli7e & OB OBREIZOW TR T2 0ERD D, Tz,
fRERIRTE EHAGhEDZ LIk Y, KRR RE
W AEREEAM 2 WAL T B 72D, & BITEEM R A3
WNETH D,

HE ol <o NTHEEERTONTNS T E

e R

BCHENICEERAFDOS L, ROy TUE
IRER3IE (/7 uTUl, <X TUYE, AHTAT
T E) ITHARTEENIND 00, FREEKROBR
PRSI Z2H%T 5 2 L TRADEEEETTSE
Tnd (EAA, 2005, Bl (1994) 2 EXniE=y7
T Y D% OFEHAEMTIE, KEISREKE D4
ZTKIESANE 20 CITNRE L TRAEZER TS5 Z &
TRIREIH X 0 #r AR WERITHEINFAEL, HFE
OFEKEEHERFEE AL TV, SR OkER
POV MY IEOWTH FERRICE VAR TR Z
HHT 5 Z 2T X0 IR ORISR U Tidph
BRETE UM RENT, 2L, RE» 5
FEVKIR TR L 72 354 TIRERR IR J OVEF 5L
DI A BN o Te. FEINAL Y FICR W T
B 2 IRAH B AMEERK HhiiE, =y TouEd
FRICHER 2 HFEOR/KERE CTRET 5 Z L3 TE,
KMOMHAZERT D ENREL DI EnD, &
BEORIMHFNBBLETH D,

AT (2005) 1B & L CEMEOR N T B H A
OFEWAFEITDONT, BRINTE L 7o 3~4 £ H Z ik
I 10 CORF A THEAHEY EIF, LR35 KIE
23 CaAMeR L CRENEFE 2k 5 2 & TAAMIC
PR AT (R ZenTE, HHOKEORN
KR 15 CEHBZD 6~7 AITPhHBERTE S X 5 I1cH
HORWHRE 217> TWB Z e Z2HMELTn5, £,
MRS (1994) 128D ERERIEBORZ T A TIiE 1
H%Z 11 A~F4E2 A TRIEROKIEZ 6°CL 9°C
WP, Paviova lutheri & Chaetoceros gracilis Dl
X L A TR Licth, 15 CoSEARRER B ik
ITRTE LEEONEATE L TG IR, X CIdmizkie ook
BTHANBT AL HENL, BHOENNED S
17 AU ERLEIN SRS Z LN TE D, HERETX
TR, BOINEARDLNRP -T2 & 2HE L Tnd,
SRloY< by Y I ofERTIE, RRRICREZTTo7
BAEDNTENBRSL oo Z &b, RERITHT S
REERNETH D Z LARE SN, L, fEY
Rl TR AR 3 & VR EITMA L TR Y, 4%
E 2B RICOVWTRET2LERD D, AL
(1976) 12X 5 &, “#HEITRIF 5 AE O HEITIE
AKIE O HIRR R D B BICBIR L TV D Z & 2
LTWb, LaL, SRIOBBRERTE, Y~y
T DWW H IRRE R 2 22 IRIRE 0 B RIS 5
T LT L BRBMEERN RIT A B o Te. HEHIZD
WTIX AT H IBRE 230535 Z &I X 5 i



Y= MY IO NLRETAEICBET 2058

R RITBE T 2 MEZ AR DT DT, SRR PBLET
Hb.

EVE ATHEIHTZEEEHO
R

Y=< b2 Y I OMEEHIET 2T RV, h
OB HES, RAEBY, WU, £ oftvhNio T
v o by (HHZE, 1941) LS THW S, EET
T LERMAITLEDODHP DY~ N ¥ I Ok
Mg Bk H#EY (Kasai and Nakata, 2005) & O
EBBHD, RERPOFER LTI~ ho Y IR L
THAEFZ AT - Tl Tk = A R O BB (B D,
1989) ZHWEAPEIRI R 2 MR L e i 23 d 5. HEO
NLFEEAEPERANBASEIE & U CHEOfE H & Pkl
HEOBMRIZEETH Y, SEMICH R RED®#
ERHT OGNS, EEOREILSLRKELES S
ICHEORRILDE Wbz o b L &hTng (Hh
B5, 1997). “HHO NTHEN A0E TIES L, #E
FU L Ak & DBIRZHS LI Bilidg <, Fricgh 4
B OUFHEIPREEHEE I OWT, Tav A (Oka-
uchi, 1990), 7%V Rl - BB, 1990), 7 uF 3
vAA (Hp 5, 1970), bYBHA (FIK, 1980),
%% (Helm and Lang, 1987), ST HA (hE5,
1997) 72 ETHEIN TS, “AAHSAITT 588
B & U ClX Paviova lutheri, Chaetoceros calcitrans,
Isochrysis galbana D3 HIVTERY  (HH, 1982), iR
BB OFEICONWTIZ MU F A (BE)E, 1980),
# % (Helm and Lang, 1987), A H A (hE5,
1997) THEENTNDHOD, Y~ vV I O
EREZHNE LTc Th O AR EMSR T K 2 R R I
BT 28513 bbb, 22T, AROTIZ
TP TR B 3l RIS X ORIHER £ T 2%t
LI, C. calcitorans, JHEHELE X OEEAREADE & L
THiREh 7 V< O CHEH S TW D5
REEFRITOWTHRGEAR O MG 217> Te. AEQTIE
TS TR % Pl s © 45 IEHE H F C 2okt 4 HLH
W AERETHHNE LTSN T IBETHD C
calcitrans, C. gracilis, P. lutheri B X7 v L Z%H]
v, HUOSETR XL ORESHE 2R L, AERkB KO
RICRIET RGBT ICOW TR 21T > T2,

V-0 AIfBHEICHTHHEHOER

MR EHTE

1. AIEEEHDEWELSEIEIZH TS Chaetoceros
calcitrans, BELTH L UBRKTREEOHB R E
HER

2003 4F 7 H 6 HITRKIGIIADAE T2 v T

BELRZKEHERAWNLEINIC X W 2R 245 72
(Fig. 29). NTFEINIREHEZHS 5 psu OUE/AKIZ AT

T—MBEEN T4 CTREL 2, 25°CotED 5

psu DHE/KICHEERITT S Z & CHEING S 21T-o k.

FEON O TRl A5 200 A Z Y v —L (KU R

FL U8 NARLEEKE 30 me, 2% 5 psu

ICHHEE L 20 Cltik o oA o F aX—Z N TEHEH L 2,

5 psu IR OVERITIE, WAL EREE T ICH 54

HEE ST /K BEWRAL I Ok &2 VS, ki dbdsE A il

123 % At S i ek E R Y TR S e Rt

KiktakZ i nWic, ERIX 11X C. calcitrans (B&EIC -

MIFEER) %5 %, MHEEIZ 1X10°~25X10° ffdo

AT 3 B E Uiz, BRIK 2 18Rk L, <

MESLR S OER TR & 2051 (R4 - BEEL,

TAYVAF—Y~<8) iR LPHES (1989) DFF

HITHE, BRI RR TR L TR L 7. FRATE

13 0.5 mg~12.5 mg OHIPH T3 EREFL LTz, AKX 3

IREERAVER AR Ch D R EE . (54 ¢ ZM Food

for zoea, BHRRDtLE H L <L) 25 %, WMHRIZ

0.04 mg~1 mg OHFIPAT 3 G2, HEX 1T

WZRNAZES %, 0.66 m@ ~16.5 m0 DO#iPHT 3 B

O TH 2 oo WIKIZARINKRTY Y I#BIT

141°43E 141°44°E 141°45°E
.

44°55'N
S
«©
o 4
X
NS
44704N Japan Sea
Japan Sea
il
(vl
1k Hokkaidd \ 5Km
o
44°53N

Fig. 29. Map showing sampling site for Corbicula ja-

ponica. “A” shows the sampling site at Teshio River.



B LY~ b Y I OEREHERL THDEERIDO
K& Ui (Fig. 10). GHRX 2 13dbimEEETIcd %
JesmE L R FERAL S OB K A L, SR L
Too MR GABREAMAKED 18l & L, 20 CitftoTeA
VHFaR—XNT22 HIEHIL 7, SilBaXid3 vy
MR LUAFER AR X 100/ 20450, 158
K OCEEBREZHD L TEBIZBE L TS EAKE X
100,/ 2A8FE) B X OEER GEEMEE X100,/ 4
ER) ZHEe Ui, SEDRER X O EIX IR
Wi N CEIE U, A8 h O RO fETHIET L,
R, HERE X OEIRRIT BN 5 A1
R K OMESER AR o E (B 1Txtd 2%
&H& LT,

2. NIFBHDOZENSHIE#EIZE TS C calcitrans,
BELH LU REZOHEH R LB ER

2003 4E 7 H 6 HICRIENCHEE W TRIEL 2
WEHZHV, §id & FEEOTETANTEINC & Y 2k
D& Tz, BEINOFHIZ 100 £ BXTN500 € D825
A NBLKFEE WA R 50 £ 1Txf LikEgh A5 1,040 X

e R

10° R Z AR L C. calcitrans, T+ 3 X O R EE R
BH % Tc. BRENIRTR & RO 2[R LT, #fEX
EW»H 2 HHIC1EE X, 13 HHE Tk
TR oTc, 14 HEHBPRET 2~3 BT & /kze
Brkirofe, KEHBUIRED 23 FE L Uiz, BRI
L1 C. calcitrans ZREINA> 6 2 HEHIT 20 X 10° fHig5-
Z, 4 HHUBEIZ I HHY, 49X10° Mgy % 7z,
BRI 2 TR 22D 2 HHIZ 5.0 g 5%,
14 HHUMIZ 1 BdH720 98 mg 5 x 7. iBRIX 3 ©
W ARER A IS 2 HEIZ 1.0 g 5%, 14 HHLEL
[1% 98 mg G- %7z (Table 6,7). ZikBRIX & pEIND
5 13 HETIEZHSY 5 psu THH L 72, H#5 5 psuis
TROVERITAER L 72 /Kk B X ORIz DWW TIRRT® &
[ E Lic, fEIXIEAKATZTL—Y 3 0 27 0EH
L7ze AKBEIZEIFIAARX 100 VERE—Z—%HW,
fIE K ELIE 20~25 ‘COFEPRICTHEE L Tz, BIBEAKDR
Bz dbdgEE S K ERRL S OBk 2R L, 14 HE
DABIXIFITZRAK CTERE Lz, SHRIX 1 I3RIREREE & 45
L CHiR D &3 0 BFER)IOW)IK THRE Z17- T,
SHEX 2 IR RE & 722 5 & 5 ITdbimE Lk E R b o

Table 6. Amount of feeds given during 2 nd to 13 th days after spawning

Tank - The number of the Free-
Quantity of swimming larvae Quantity of
Test Material Capacity water foedi y
eedin
Number (L) (L) (x10% &
1 Chaetoceros calcitrans 100 50 1,041 20X 10%ells
Test 2 Leaf mold solution 100 50 1,041 5.0(g)
3 Diatom powder 100 50 1,041 1.0(g)
Cont. 1 River water 500 150 3,124 42(D)
2 No feeding 100 50 1,041 -
Table 7. Amount of feeds quantity of feeding after the 14 th day from spawning and onward
Tank The number of the
Quantity of Settled juveniles at .
Test Material Capacity water breeding fQuda}ntl‘jydof
ecedin a
Number (L) (L) (Xx10°) g/ aay
1 Chaetoceros calcitrans 100 50 1,040 49 X 10%cells
Test 2 Leaf mold solution 100 50 93 98(mg)
3 Diatom powder 100 50 151 98(mg)
Cont. 1 River water 500 150 2,204 22(1)
2 No feeding 100 50 355 -
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BmAkEH, fEIXS4 HEE Lk, fESHH, 14
HH, 22 HH, 35 HHB XU 54 HHIZFE# & &0
E LT, PERRIIKEEICERT 2 EEREZ Ry
MZEVIRNELY, #5130 kIO N TREZRHIIL
Teo fAE 54 HBICKAKMD B EFMAEEZRNTL,
H&200 pm, 300 um BEWS500 pm DTS5 7
Frxy NCHEL, ERECEEMEEERIL, #
WD AR S DEBHR T U B2 U,
BB O£ DR EIT Tukey OHEZE MV, FHE 54 H
HOfETRHIRX 1 (IEEAE) 38 X OSRHIRIX 2 (R)117k
) 1T HAREOREE 1% KIETIToT, &
rHFE="FEREXHEE L L, 54 HHOBFERIC
DOWTLIK L Tz,

w &

1. AIFEEDOEENSEEIZESITS C. calcitrans, [&
BT B LUMREZEOHEMS R LLEHR
AEEFRITEERIX 1 O EHE 1 X 10° flia TI3EH
M 94~99 %, #HAEE 5% 10° flE T 91~99%, 2
5X10° HiE TIX 96~100% & NWTNHEWMETH - T2

(Fig. 30,A) . #BERIX 2 OFAAHE 0.5 mg TIEMHHE 18
HHE TIZ87~99% T~ 72h8 22 HHIZ 66%, FGH
B 2.5 mg TIEEIE 18 HHE Tl 94~100% TH - 2
A 22 HHEIE 83%, #ffiE 12.5 mg TIEf&E 18 HHA
FETIX 98~100% TH - 72h3 22 HHIZ 90% TH - =
(Fig. 30,B). #BRIX 3 OFGAEE 0.04 mg Tl 7 4R
H95~100% TH Y, #FafHE 0.2 mg TIHEIH IR
97~100%, FAfHE 1 mg TIXFES HHTST% TH
Y Z D 85~100% TH -7 (Fig. 30,C). XX 1
DO fHE 0.66 m0 TIXEH 18 HHE TiX 90~98% T
2 HHBEIZ17%TH Y, fHfHE 33 me TIEMHEHE 18 H
HETIZ81~9%%T2 HHIZ71%TH Y, HFE
165 m0 TIXEHEFE7HHIZ 9% TH Y, ToMmoM
RIIX 90~100% Td > 7z (Fig. 30,D), *fHHIX 2 i
KA RE T fRE IR 88~100% T&H » 7= (Fig. 30, no
feeding)

TEERITEBRIX 1 O R 1 X 10° filla TI3EH
R 43~62%, FARHE: 5X10° HifETiX 40~84% T -
Teo 25X 10° M CIX 52~78% CTH - 7= (Fig. 31,A).
AABRIX 2 OFSIEE 0.5 mg TIXEELIRM T 9~26%,
AR 2.5 mg TIX 19~27T% CTH o Tz, HEE 125
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Fig. 30. A comparison of the rate of survived larvae and juveniles of C. japonica larvae given different feeds with dif-

ferent feeding amount.
C, The larvae that were given diatom powder; D, The larvae that were given river water.

A, The larvae that were given C. calcitrans; B, The larvae that were given leaf mold solution;
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Fig. 31. A comparison of the rate of juveniles that shows movement of C. japonica larvae given different feeds with

different feeding amount.

A, The larvae that were given C. calcitrans; B, The larvae that were given leaf mold solution;

C, The larvae that were given diatom powder; D, The larvae that were given river water.
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Fig. 32. A comparison of the rate of settled juveniles of C. japonica larvae given different feeds with different feeding

amount.

that were given diatom powder; D, The larvae that were given river water.

A, The larvae that were given C. calcitrans; B, The larvae that were given leaf mold solution; C, The larvae
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mg TIE 16~28% TH -7z (Fig. 31,B). RERIX 3 D
R 0.04 mg TIXEBEHM T 47~57% TH Y, #
fif & 0.2 mg TIE22~51%, AR 1 mg TIX 11~58
% THoTe (Fig. 31,0). HHX 1 OFGEHE 0.66 ml
TIXEIE MR 16~47%, #AfHE 3.3 ml TiX 47~6
4%, FEEHE 16.5 m0 TIX 47~83% Th -z (Fig. 31,
D). %X 2 DT TIXEF D 7~22% TH -
7z (Fig. 31, no feeding).

BRI 1 OFMHE 1X10° Ml TIXEE 9
HEH®D 61%2>5 22 HH D 100% 2L, #HigaE s
X10° MfECIX 9 HH D 94% 25 22 HH D 100% ~
WML, 25X10° #lETIX 9 H~22 HIZH )T 99~
100% Td - 7= (Fig. 32,A). RERIX 2 DT 0.5
mg TIXHFE 9 HHD 64% 7225 22 HH D 100% ~1
L, #HFE 2.5 mg TIEEE 9 HHD 71%5 5 fiEH
22 HH® 96% ~#mL, #hfFmE 12.5 mg TIXHEH 9
HE®D 71%55 9%~ L 7z (Fig. 32,B). R
X3 O R 0.04 mg TIEEE 9 HEHD 92%205 18
HLKRIE 100% TH Y, fEfHE 0.2 mg TIEFHTE 9 H
HD97% 7225 18 HHLIBEIX 100% TH v, FHfHE 1
mg TIEEE I HHD 97% 55 12 HHBLFEIX 100%
Thole (Fig. 32,0), HEX 1 OFFEHE 0.66 me T
FEIE 9 HHD 67% 25 H%E 18 HELKEIX 100% TH
D, ffE 33 me TIEHE I HHD 82% 2 L HFE 18
HHIREZ 100%TH Y, FHfHE 16.5 m0 TIiXBiZ
Mt 4T 100% TH -z (Fig. 32,D). AKX 2 o
B TIXEE O HEH D 22% 205 22 HH® 7%I2/K T
L7,

2. NITEEDZFENSHEAFMRIZSITS C calcitrans,
BELH LU REZOEHNRLERER

S BREOHBIIETE 8, 14, 22, 35, BLU 54
HHT, #BRX 1 TiEznsh, 173.3£4.17 um,
2743+939 pm, 388.7%£16.59 pm, 455.0*23.26
pmBLU680.6£27.72 um TH-7% (Fig33). ik
BRIX 2 CTlXZN 2N 180.8+£3.16 pm, 2633+7.78
pm, 27601844 pm, 4023%+17.76 pm B LU 50
0.8%+3631 um THole, RBRX 3 TlkzhEh
1825%£3.10 pm, 221.7£695 um, 319.8%21.19
pm, 362.5%44.19 pm, 818.3%43.03 um TH -7z,
FREIZ, RHRX 1 TIEZENZEN 17772291 pm, 24
42£723 um, 475.8+13.46 pm, 475.8£32.98 um,
886.9%+41.01 pm TH YV, X 2 TlEZENEN
165.4£2.74 um, 190.7£3.86 um, 226.7+9.57 pm,

356.7+13.07 um, 379.8%£2271 um CTHol. FH
54 HEE DV RIFEHERIX 3 DRy AR FE R, BERIX 1
D C. calcitrans, RERX. 2 OFEE L DIEIZKE <, %t
HRIX T 2 AR URIX 3 ORIARH BT K OFER
X1 D C. calcitrans 735 RIX. 2 OIS ATITH L CHER
ICREL, WBRIX 2 OEEEL25HRIX 1 OWJIKETE
IR L THRIZNS 2o T (Fig. 33).
HEREHRIIRERIX 1 D C. calcitrans 75 12.4% Tl 7
<, HABRX 2 OHE+ D 95%BkITHE <, RABRIX 3
DOIKREEED 4.9% D35 b IRWNETH > 72 (Fig. 34),

1,000

—®— Chaetoceros calcitrans

900 H —
= -~ Leaf mold solution ;@A
g 800 M & Diatom powder L

p ~

j 700 [ —— River water /é b %
o 600 H —o— Nofeeding M
s - : "
o _
[}
2
=
[}
<
n

day

Fig. 33. Changes in average shell length of juvenile C.
Jjaponica, fed with four different feeds or without feed-
ing. Each point and bar represent mean and SE, re-
spectively.  Significant difference (P<0.05) was obser-
ved by K-W method among the groups at 54 days after
the spawning. *Significant difference between the groups
was observed by Turkey method (P<0.01).

(%)

Survivai rate

Experiment Control

Fig. 34. Comparison in survival rate of juvenile C. ja-
ponica, fed with four different feeds or without feed-
ing, at 54 days after spawning.
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Fig. 35. Comparison in biomass of juvenile C. japonica
, fed with four different feeds or without feeding, at 54
days after spawning.

SHRX 1 OAGEETIX 4.2% T, XX 2 ORIk
BHTS54%ThHoTz,

BRI OWE 54 HHOBAAEREIZ, HBRIX 12
87.6X10° THb % <, RN THEKX 2 ? 49.6%X10°,
ABRIX TR D KA 2 e DIFFBRX. 3 D 41.7X10° TH -
Teo RRITHHRIX 11X 8 AR AR B G BRIX. D 3 %
Tholeleh, 13 ITHRAL, 49.7X10° 720, *H#
X 213 364X10° THoz (Fig. 35 . TDXHITE
BRI AR A LR b REho T h
OO, FERE L EBRARE LR LIAGFR TR C
calcitrans EA5EE U Te FED M I D % <, A pEME DS v i
mZzaR LT,

V- AIREHEIIHY HHEEMEHORE

mH L AHE

1. C. calcitrans & U P. Iutheri D EIRFAEEEKER

2004 4£ 7 H 16 BICKIEN Tl E W TREL 2
HZH, NLESNC X v 2027 (Fig. 29).
NTEINIAHED L BV 7o Tc. BEINEH QTSN
IZ C. calcitrans 3 & X Paviova lutheri %5z 15 H
HHL, HEHEHE TOEBE L PR EZ L T2,
C. calcitrans (X HIGEEREZ TV, P lutheri 13bEE
SIRHICER A L 2 — (Bl JLiEELRR A IR
HEKERERY) TS TWakEN W, AL
FEINE H DL LR 500 k2 ¥ —L (RY RAF

e R

L) IZUA LRI 2 HAEIZfTY, 20 Cizit -
TeA v FaxX=FNTEH L, C calcitrans 1X 16
1R 1 Bz v 0.001 X 10° 55 10X 10° iz
T 10 5480 5 B CH- X, P. lutheri 1375 4
LR 1 BdH720 25X10° 225 100 X 10° fHIZ 21T 3
BTz e, RHERIIEGAT & L, BBRXIZzne
n2~3 vy MNEELFSMETHRIRL . EERFEIT 15
HBIZY v — VIEHICEE LA LT B & FE i
BAMREE N TG LR Ui, SFscRIT A
DBFEI /v A= THUEL, 30 @kDFEE s
UZzo AAEMARDS 30 I 72 e W& I &8 o
SN L Uiz, SR RITEE + BRI S TR L T,
i, BRI OWT IElE S AR E W,
HEZEOBRTIL 5% /KETIT-> T,

2. C. calcitrans, C. gracilis, P. lutheri 5&UY 0L
S DRAHREHER

2005 47 H 31 HIZ S il Tl 2 Vv TiRE L
e H &, KNLEINC X0 2R &7 (Fig. 2
9), NLEESNIFNED LBV IToTe, ZHER H O
Y)ANT C. calcitrans, C. gracilis, P. lutheri 3 X O
vl Z ARk, BMBIOREALTEHEX 16 HRNE
ML, ABELVEEBRELZR LTz, C cdcitrans B
KO P. lutheri ZHIE EFEEDOME L, C gracilis 1%
HIFEREBL N7 uL I3/ 5 TEMAMHL
oo BEINAEH OIS R 200 {44 Z 100~300 me
E—h— (RYFrbEL ) A LAGEITE 2~3
HAEIZITW, 20 CltfkoTe A U F 2 X—Z N THEB
L7z, alBRIX 1~201% C. gracilis 1283 2 1BAEEE O
Wat 21TV, s 1Ak 1 Hd e v offIR13E
BRIX 1~4 TIX 1X10° fi, BBRIX 5~8 1% 5X10° A,
ARBRIX 9~12 1% 10X 10° flil, FRERIX 13~16 1 20 X 10°
i, X OFRBRX 17~201F40x10°HEL, Z7aL
7 @4 v 7 =R, 7ul ZLERA),
C. calcitrans B X NP, Iutheri Lt 1: 1 TRALE
T LidofmfRL L (BUF, W) (Table 8).
ZOW, WERIX 1, ABRIX 5, ERIX 9, FABRIX 13 3
FOFRBRIX 171X C. gracilis DB TIRE ZFAHI L 7z,
HERIX 21~29 1% C. calcitrans 1IZxF 3 B B AR O
2TV, FESE LK 1 HB 7 0 O35k
X 21~23 TiX 5x10° fil, FABRIX 24~26 1 10 X 10°
A, BBRIX 27~291F 20X 10° & L, 7oL 5B X
W P. lutheri #1111 TRA LT (Table 8)s T
W, BB 21, BERIX 24 3 X OEBRIX 27 1% C
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Table 8. Feeding regimens of the experiment

Test Feeding Concentrasion

Number Material addition (x10%larva/day)
1 C. gracilis No 1
2 C. gracilis Clorella 1
3 C. gracilis C. calcitrans 1
4 C. gracilis P. lutheri 1
5 C. gracilis No 5
6 C. gracilis Clorella 5
7 C. gracilis C. calcitrans 5
8 C. gracilis P. lutheri 5
9 C. gracilis No 10
10 C. gracilis Clorella 10
11 C. gracilis C. calcitrans 10
12 C. gracilis P. lutheri 10
13 C. gracilis No 20
14 C. gracilis Clorella 20
15 C. gracilis C. calcitrans 20
16 C. gracilis P. lutheri 20
17 C. gracilis No 40
18 C. gracilis Clorella 40
19 C. gracilis C. calcitrans 40
20 C. gracilis P. lutheri 40
21 C. caleitrans  No 5
22 C. calcitrans  Clorella 5
23 C. caleitrans P, lutheri 5
24 C. calcitrans  No 10
25 C. calcitrans  Clorella 10
26 C. calcitrans  P. lutheri 10
27 C. calcitrans  No 20
28 C. calcitrans  Clorella 20
29 C. calcitrans __ P. lutheri 20
30 P. lutheri No 10
31 P, lutheri Clorella 10
32 Cont. Clorella No 10
33 Cont. No feeding

calcitrans DB CIEE ZFEH Lz, HERIX 30 1% P.
lutheri %5- %, VFESE 1A 1 HH 2 OMEERE%
10X10° 8 & L, BBRIX 311X P. lutheri & 7 0L 5%
HE1:1TRALI0X10 HOMEEETY Xk
(Table 8), F7z, RERX 321X/ w1 F% 10X10°
ORERTEH x, WBRX 33 23X & U TG &
L7z (Table 8), 7 & L FIFEEMER %M & MZHIT2 5
EOWRFHEMLU TR L. ERBlfFRE=T18E XM
W & U BUMGG RIHITR9- 2 1R G0 B o0 fPkl ol S 2 et
L7z,

Bw R

1. C. calcitrans & P. lutheri DB EFAEERER

C. calcitrans ZJRIERNCH 2T & 25, FilEshA 1
iR 1 BHzn 0.1x10° fifnl FTikfAHE 13 HEHT
BRI HR SRR o TzDiTR L, 1X10° fiffeT
FEEBEISHEIZ3 vy FTT72, 112 BE12.8%28
EREL, ROEIRETH o B 10X 10° fllRTiX
37.5, 504 BION472% 3K LT (Fig. 36). *fHE
X ORI CIZAEERIT1I gy hT20%, EHoD2

oy M 0% THoTe, iz 15 HHDOEEBREIZH
fHE 1X10° i TIdgay N T 173285 um, 172
+205 pmPBLC173+£3.01 um THY, HEE 10
X10° fifECiE3 vy FT192£2.62 um, 200£2.50
pmBEU2051410 um THoto, FHEIXDOELE
fETIX 1542324 um Thol, FEHE TG
HI0X10° Ml TR 1 X100 fila L v FRITKX
WEIM 2SS bivfe (Fig. 37).

P. lutheri ZYEIERNC Y- 2 72 & T 5, iilEgh A 1 11
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Fig. 36. Effects of C. calcitrans concentrations on the
survival rate of juvenile C. japonica at 15 days after
spawning.
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Fig. 37. Effects of C. calcitrans concentrations on shell
length of juvenile C. japonica at 15 days after spawn-
ing.  *Significant difference (P<0.05) by Two-factor
factorial ANOVA.



1 ADY 5X10° fidCIEEHE 15 B HOEERRIT
21y FT35328BEKLU49.0%THY, 10X10° filE<T
X444 BIXTU338%TH Y, 20X10° #iffaTi% 38.8
BIR54.0%TH-o7 (Fig. 38). SHHEXOEMRE T
F1ry FT40%THY, 5187y NTIE0%T
BHole. ET, 15 HHONFEBREITAEHEE 5X10°
O CiX 189294 um BXO177£233 um TH Y,
10X10° M TIL 179£2.00 um BELO171£2.04
mTHY, 20X10° ML TIL175%£2.09 pm BL K

Survival rate

20 No feeding

Concentration (x 103/arva/day) Control

Fig. 38. Effects of P. [utheri concentrations on the sur-
vival rate of juvenile C. japonica at 16 day after
spawning.
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Fig. 39. Effects of P. [utheri concentrations on shell
length of juvenile C. japonica at 16 days after spawn-
ing. *Significant difference (P<0.05) by Two-factor
factorial ANOVA.

e R

173£2.00 um TH o7z (Fig. 39). P& TITHHEE
B 5X10° MTIXAG AR 10 X 10° flfEds L T 20 X 10° Al
Jla & v AREITK EWEAASEED Sz,

2. C. calcitrans, C. gracilis, P. lutheri & U 0L

S DRAHRIEHR

FBRIX 1~20 @ C. gracilis & 7 v L3, C. calci-
trans B X NP, lutheri DIREFTIXIRD X 5 7ok R
ThoTe (Fig. 40,(A)). kBRIX 1~4 OFFEsh A 1 A
W1 Hd OGEEE 1 X10° M TIX, C gracilis D
BB X7 v L 7 L ORI TIRAERED 0% T
HY, C calcitrans B X P, lutheri & DRAFHEET
FEERRZZNEN 20 BI T 1.0%, TFHBREIZZ
NEN160+£7.07 pmBELT140 um THoTe,
BRIX 5~8 Of i 5 X 10° MilaTiX, C gracilis D
B LY, C cacitrans & OREFEE TIXEREITZ
NZN1LO0BIT3.0%, FEREFZLEN 160 1
mBLP155%£456 um THY, 7ul IBIUP
lutheri & DREAGRETIZEBERENR 0% THoTe. R

Single [ +Chlorella +C calcitrans B +P. lutheri
(%) (pm)
5.0 200
45 F (A) C gracilis 1 180
Q 40 1 160
+~
® 35 140 <
~ =
— 30 | 120 ¥
© )
S 25 100 —~
N —
> 20 | 80 ©
~
5 15 b 60 é
A 10 | 40
05 20
0.0 -
123456 7 8 9 101112131415 16 17 18 19 20 Test Number
1 5 10 20 40
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5.0 - - 200
.5 F (B) C calcitrans or P. lutheri 180
3 X i 160
S X * 140 %}
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f=|
2 2 0 O
~ <
S 60 L
n
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iaaal
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i 3
Concentration (X 103/larva/day) & \&z\@ R &
. <
C. calcitrans \o“\ DA
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Fig. 40. Effects of different feeding regimens on the
survival rate (bars) and shell length (circles) of C. ja-
ponica at 16 days after spawning. (A), C. gracilis; (B),
C. calcitrans or P. lutheri.
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X 9~12 DFGETR 10X 10° A TIX, C. gracilis DH
MASEE, C. calcitrans 3 X OV P. lutheri & DIRAIEER
TIHEBRIIZNFN 05, 1.0 BLO1.0%, FE#
RiZZENZEN 160 um, 160 umBLLN134 um T
HY, /aLTEORARKETIIEEER 0N TH>
Too FRBRIX 13~16 OIETE 20X 10° TIX, C. gracilis
OWMIGEE, C. calcitrans & OIRESFE CIIEREIT
ENEN 05 BELT4.0%, FHRRITZENEN 140
um, 160354 um THY, /7B L TBIOP. luthe-
ri & DREGHIETITERER 0% TH ok, X
17~20 OFGHE 40X 10° filaTIX, C. calcitrans B &
W P. lutheri & DIREHRIETIXAEERRKITZNEN 35
BL®1.0%, FEHBEEIZZENZEN 16295385 um,
150 pm THY, C gracilis DEMIHBERB LR 7 v L
Z L DRARITIXERER 0% TH o1z,

BBRIX. 21~29 D C. calcitrans & 7 2L 8B LU P.
Iutheri DIRAKEIE TR D X 5 kiR TH -z (Fig.
40,(B)). #RERIX 21~23 oypilEsh 1 ik 1 Bz v
DOFEEER 5X10° TIX, C calcitrans D RHFGETR L0
P. lutheri & DIREHHTIIEERKRIZIZNEFN3O0B
XU0.5%, FEERREIZZENEN 14671385 um B X
Q140 um THY, Z7alL T &R TIIER
ER 0% TH oo ilBRIX 24~26 OFGEIRE 10 X 10°
MM TIX, C calcitrans ® BMFEEEI X O P lutheri
L DORGHETIXERRIIZN TN 1.0 BX U 4.0%,
SR ERIXENZN 1500385 um BL U 1575+
234 um THY, 7ualL T EORAKETIIERE
B0%THoTe. lBRIX 27~29 OIGETE 20X 10° #
MTIX, C. calcitrans O HFMFGEEI L KR P. lutheri &
DORAHRETIXEERLIIZNEN 3.0 BLN45%,
PR EIZENFN 16671385 nmBLT 1622+
210 um THY, Z7ulL T LORAHETIZERK
NBR0%THoT,

FE, WX 30 OffHE 10X10° Ml To P
Iutheri D HFMFAGET TITAEEF 2.0%, FEERIT 1425
+217 um THY, HBX 31 07 vl T EOREM
i, FRBRIX 32 D7 v LT OB AT S K OGLERIX. 33
CRHRIX) DR EE TIXAEEFIZ 0% TH -2 (Fig. 4
0,(B)).

ZD XS, C gracilis DEMFREHIZ AT C. cal-
citrans N 723546, MINOEE TH ARRI M L
L7z, C. calcitrans ®BMFGEEIZ LT P, lutheri %
Mz 72848, HEE 10X 10° fllE L O TS 20 X
10° S CAEBEN N L, £, Zul J &R

O C. gracilis single . C. gracilis+ C. calcitrans

/\ C Calcitrans single A C. Calcitrans + P. lutheri

(,U, m) <> P. lutheri single . C. gracilis+ P. lutheri

170 i 27
165 1 A 19 29
9 1 13 (] 15 A
160 —O— @@ @gg
<= 5 7 A
& 155 | 1 °
g 20 24 1
=150 S T o
T 145 1 &
= 4 @
n 140 13 23 - ISO
1
135 .12 |
130 : L
0.0 1.0 2.0 3.0 4.0 5.0

Survival rate (o)

Fig. 41. Relationships between survival rate and shell
length of juvenile C. japonica, reared under different
feeding regimes. Data were obtained at 15 days after
the spawning. he numerals in the diagram show the
test numbers. The vertical dot-line shows the average
survival rate. The horizontal dot-line shows the aver-
age shell length.

L 723580 OB BRIX T BRI A SN b o e,
HEROL BN 18 KIZTHOWT, FHEEHE L L
ZA, BEROFHIT20%, FEEREOTEHIX
15264 pm CThole, TOW, LHRER IOV R
FEo¥Y % koo X%, M TIXiERKX 27 ©
C. calcitrans GGEEEE 20X 10° flfi), BAREE T,
C. gracilis & C. calcitrans DFBFRIX 7 GEREE 5X10°
ML), FABRIX 15 (RAHHE 20X 10° #lE) 8 L ONAER
X 19 GafHE 40 X 10° fif@), WNT C. calcitrans &
P. lutheri DFRERIX 26 (VB 10X 10° flfi@) B X
AABRIX 29 (RfHEE 20X 10° fiil) D6 XK TH o1z
(Fig. 41).

5 ¥

NLHEW QRGNS HERICEDETORE, Ekic
BAZ T R OFEEER L R OB R A WEE T 5 HAT,
NTPEINE H ORIt U C. calcitrans, JEEE 1+
BIOBMAKEEELH X 2 Ay vy — L CTHHE LR &
5, BHERTIINBX ORIIIKE 0.66 ml 5 %7
X T 17% T o I LAMIT I OFERIX & b 60% L |-
OiE%ERL, HHHXTH 89%ERLEZ ENBK
ERRBIASNR P o T, IHEETIE, EOHX TIX
i AR T 7~20% DIRWETH > Tz ITH L, C



calcitrans 3 X WK %25 2 Te K TR E 235 < 72
DIZONTIHEB R E < 72 MR A BN, HAREE
WA Z X TIHRE (0.04 mg/iFES) A 200 fi44)

THEERRRE <, BELZ 5 X X TR BGHEX & 1%
RGN ERTH o e, ERAEEETIE, WHEHO
X TiX22 HE T 100% IZ7 > e izt LT, C
calcitrans B X WK %25 2 X TIX, 4<5x%k
BEIHHT100% %2R LELSEEL Tz, BN
(1996) 1T X2 LlEsh % b O M HBEOAEHR T
EAEREROKT TR, FlcERBHYE
(pediveliger) ITITFIEFMEOH M3 & LRGR L L EH K
OIFEHSERH Y, Y~ b Y I OEFHE TR
6 FITIBR 172~198 pm ORTAHISAE (BHIRY ¥v —
GE) LY, ZHEH 10 HIT#E 210~220 pm O
ERRHISIEL 2o T, HELYMHEHA~ZEET 5,
DT Lnd, HFEROHHITY~ b Y I OZERERTITH
ML, fEOBEBIORBICL > TEUEEERB O
3RAEOREEZRT OEEZOND, TDXSIT,

AFETIISEEOZITASN P Teb DD, 1EH)
B C. calcitrans B X ORREE, AHEENHIX
C. calcitrans DI & U CTHRITH D ATREM RS
Too IRICNIFEE OFEN SHPHER £ TORE, &
BT ST PR OO R A MG 2 HIYT 100 €
DR T A NIk E TN LREINE H O A
1,040 X 10° A ZINR L, C. calcitrans, JEEL B X
O AR 2 5 2 kKBRS T 54 HRIfE L2 L 25,
HERHETIX C. calcitrans 52 TR b @<, FH
R TIIMAREREE G X X3RS KEDP o, Rk
ERRRIZOW Tl #F # 3 CHAR & UTRATIZHIET
L& T3, C cacitrans %5 2 7oK 055 S #h o Too
ZDE ST C calcitrans 13Y < b ¥ I N LR ITxt
LT, Vs o8 ER L OPIH H 2Bk 5B
IZH-2 58 E LTHEITHD Z EDBHLNE 2o T,
¥z, HEIRITEN S 0D, JEIELOBEBTIZOWN
TH PRI RS D H 417, Kasai and Nakata (2005)
TR L BROFRNMKLEEZHWTY < Y I Ok
EHELIZL 25, EEHREOWM T Z 7 b D%
Hihe <, BEEREE T568YBROEETHDH Z
LEHEL TS, Kasai et al. (2006) 1&[AEEO T4
TR O 2D = DDFEAKM (H=0, /INalERIFR &
OREW) 2B 2 Vv~ Mo Y IRl 2~ 45
DIRN+ TN R TR 75 7 kT
EL, ERMIcHBEZROGEm AL <FIEL TS
TLEMEL TS, EHIT, Sakamoto et al. (2007)

-
—

e R

Y=< bV IDOHARE BN TE L 1 — 22 B
NI N3 — R E THET DIERIGEEDOIAEZ AL,
Y hovFern—REBRLMETSZ L2k
T, KUEREICBWTRADHERICHMML TS L
EHEL TS, ZNHDOZ L bARRBRIZBNTH
DT EEE L RREIC X SR RIZ Y~ h oY I D
FroTwdtrm— A& /MEIL LER S LTS L
BEEZOND, BB, FEXIZHEHL 2K TH
UIERESIE SR N OF e = < R O o= & 3711} | (700 S/ e AT
TRHURTWNTTZ 07 b Uitz lT > T JbifEaEsr
T A= RIRFE R D e SH O FRAARE R TIE, BTN IT B,

BB LI ROMBREWHEETALN, hTH
¥ (Aulacoseira ambigua, A.granulata, Asterionella
gracillima &) DEEERKETH D T L2WELTY
% (Hino and Tada, 1985; Takano et al., 2004).
DT L HRJIDKNIZY < b2 ¥ I O L 72 % HHAH
BEIZEENLTVWEZbDLEEZDBND,

WIT N T REIN H OyFtEsh Ikt U C. calcitrans 3
KO P. lutheri Z HM TR A DRETH X, 15 HEOD
BB L OHGBREN GBI R ER T L 25,
C. calcitrans TIXFESE 1K1 BB 10X10°
R THY 50% D AEBREI G L, FEiRiTi 200
pum ECTHE LT, [WERIC P. lutheri TIXIERIT 5~
20X 10° #lli > HiPH TH 30~50% D LEFHE AT B 1,
PETERIEHI 170~180 pm ETHREL, WEHL D
HMIZ G2 2808 e L THR TS 0 LB ZRAGETIRIE DS
HBPE RS T, & HICANTREINE H O ibesh A ikt
LT, C cdlcitrans, C. gracilis, P. lutheri B X T2
o L Z 2 pPRHT BUHG I X ONE AT (B 10 1)
ZATV, 16 HRDOEBER LR E 2T L
Z A, C. gracilis & C. calcitrans DR GG, C
calcitrans & P .lutheri DR EHHET THRMES AT IC LR T
AN BT MM AAR SN, AR L R
ZOWTHIE T2 BBl Tofa il 5k & IR,
HMHEEE TIX C. gracilis TIRESAE 1AE 1 HH Y
B 20 X 10° MfiE, EAMEETIX C gracilis & C.
calcitrans DG E OFGREEIZF U < 5~40 X 10° Hillg,
C. calcitrans & P .lutheri DL O EIZF T L 10
~20X10° Ml TH YV, TNDOEPEENENT &
PSP EIRoTe, —IRICTHKEOKREIZR &R
FERDBEEFT, 7H Y (KBS, 1994), MIHAL)
A (IR, 1980), N7 AT AHEH OKE# - (LH,
1995), NHHA (hkd, 1997) FETZOHRMA
WESNTWD, 4 (197D 12k 2L, fHRAED

-
—
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H—DbDE 52 IG5E5L0d MY EA2REALTE
AT HBRIFTHD &V o kR, B - g
NOHEITHRD BN, H—HRORICL > TTHH
DERG D REHEDOTRTCEMHAT S Z & BT,
TR EOfERARAT D Z L IT K o THEOZREN
Rz CTHfio L nizRkB 2T 5 LN TE
5ZELERTELTVS, SRIOHEEIIVY< YU
ICBILCTh, REHMSYEOFBEROM BT
RoTNWBILERETDEHDEEZOND,

BVE AIEHEORRLBREED
AIRETE

WA E I, m RO m AR B M A B AL
REFEZ RO MR Z BT 5 2 P Z
WEHEO—DLEZXLND, HETETavY AT
HATEERO MR (FiH, 19845 FiM, 1985), U
I35 A OWALE O L (Fujio et al., 1997), TV 7T
TEORE (f, 1992) OEEEIRITET 2 MEND
v, TV T UE ORI CIRaE 2 H A IR
L7 BHZ RO EENEA SN TS UMED,
2006), —HY< UV IICATIHEITERTHY,
WEtT 20BN D 5, FHAEICBWTALEGZE
Rk LR, RELSE25E8, /N A R ET
% Z L CHRENGRE UREICHWS Z L 23w fE L 72 B,
Y= U OF/NEEY A XX, RERFHIZONWT
IZHEMEOY < MY TR (1981) 283G LT
500, NLHEEHIZOWTIZEL Ablkbin.,
T TCRENKROYP< F IV IICONT, RBRHEHB X
O N TR HEH TORRBR/ N A R L ONEKE L)
FITOWTHGE LTe, ATEOTIZREE)ITERILL 72k
HP B N TN TR NTHESZERL, K%
B LT NTRE O/ N A R at Lie, AR
QTIEAA L 7o N TRETS O REREZ QB LIS STz F
2 ITDWTHARRER &S R O B PRI R 2T LTz,

V-0 AIFEHIZETHREEREOR/ND
Ry 14X

mH & A&

AIBHOER E KEEK
EIVED-2 ORI T 2003 FEITAEFELT-
AT 2 RKEASV 7 BITRBNTER PRI L - T,

B X O E S K EER AL G E E R = TH R L, N
DX ITREFEERE LTz, Tabbh, fRBRET
%2003 49 H 7 HIZKAHBRX THERE L e & TOHE
H 555.0 X 10° kIO WT, HA 500 pm B L300
pm Ay ¥ a2ZMANT 3 KB/, HE 300 um
Ay 2l B 393.0 X 10° @iz T, HAE 500
pm XLl E (289.0 X 10°, ‘P& 924 um) B
O'HE 300~500 pm X (104.0X10°, a3k 651
pum) ZZNEFNHE 500 umBLW300 pmDT
Sy by MUEIZAN, ELIKRETFHAETR
BIHE (T U8 IR L, XU 7rBiIcE L
#k L7 (Fig. 42,43). HA 300 pm Ay ¥ a2 llF
TH o7 162.0X10° Ak CEFE#®E 408 pm) Xk
HREFEETIT B 5 ALHRE LK ER LR RITB N T,
STETHEECHEMNT T b AR AR
L7 BBKAEN (Fig. 44) TF S 27 b gy b
% (H&100 um) ZHV, FEKEHRZITEEE

Lake Panke
[ ]

1 Km

450N

Fig. 42. Map showing the site of aquaculture (@) for
Corbicula japonica at Lake Panke.

“The Andon kago® “The Dry net”

Fig. 43. “The Andon kago” and “The Dry net” used
for the aquaculture of C. japonica in the experiment.
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Side view

Fig. 44. A rearing system for Corbicula japonica in
the incubation room of Hokkaido Fish Hatchery.
Arrows represent the direction of water flow.

B RS RS, WEPR R MER R 7
% \NTC Chaetoceros calcitrans (33¥&70 @ HIGEER)
B 2 | RFE ZITH L, U7 BB 5 F4E
Drua 7 A NVEORKETHD 1 pg 0Ll ik
g2 X 0 IciiPE LUe (bigEsKEEMALEE, 2007 a).
falE IR b oKIRIZESR E — & — & H W T 20~25°C
WL, =7V —yareafiofc,. ZORIIK2 »
A#BOR4E 11 A 12 HIZHS 800 um BXT500 u
m Ay ¥ aZHNnT3XmiZHF, HE 500 pm Bl
£ 139.0 X 10° itk izoONT, HA& 800 um bk
(30X 10° ik, F#H%E 2274 pm) BIUOHE
500~800 pm XM (136.0X10° fEE, FEBE 1,050
pm) ZZFENFNHEG 800 tmBLU500 pmdT
Svr by MEEIZAN, SHIZHRETLE (K
SAZy ) ZIHIL, SUrEhnihLicE R L
B L Tc. 2004 4E 5 A 24 BT 7 A HH Y EIF
ERETERREAZRMEL, 200349 A 7 HIZBH
L7ZHA 500 um A v 28 Tl%99.8X10° itk (F
¥R 1,626 um) BEORHA 300 um A v ¥ 25
T 148 X10° Ak CEEBE 1,455 pm) ZREIXL
Teo [WAE1LH 12 HIZBHELZHA 800 um A > ¥ =
ETIE 18X 10 ik (& 2,512 um) BETUH
A500 pm Ay 2 TIE293X10° ik (CFE@E
1,256 pm) ZENIL, &FT 145.6 X 10° filf4k 2 [BIIL
Uce B U 7o I Ab i STk ERRA L S A R e 2
L L, 7 b2 ARIEER 2R L 72 IR Bk N

e R

(Fig. 44) TFZ > 7 hrxy ME (HA 300, 500,
800 B L1000 um) ZHW, FHEOMEY FHEL 2.
2004 4E 6 H 28 HIZEIEFE L TW AL ToOHHIZOW
T2mm hUBALRY RBLO1000 pm Ay ¥ a%k
FHNT 3 X240 F, 2 mm IXELL R 6.9 X 10° {4
OB 5,673 um), 1,000 um~2 mm [X[H D 44.4
X 10° Ak (CEE#%E 3313 um) BLXT 1,000 pm
IR 94.0 X 10° ik ¥k 1,358 um) 1220
TENENHE2 mm O MY DRy NEE, BE
1,000 umDFZ > 7 by Vg, BXUOHA
800 um D7 F 7 by MAEIZAN, SHIT
RETHA T REHAEITNEL, RUTFBIZERL
e Lz (Fig. 42,43),

2004 4E 11 A 11 BiclhlfX L, mEEEic X v R
W EREHLZEZA, 2 mm MY ARy NLEET
X 4.8 X10° itk (CF¥#E 9,415 um), 1,000 um
TI 7 by MESETIX 225X 10 kB IO
800 um F'Z 27 bRy MNEETIE 50.0 X 10° {4
CEE#E 3,449 um) THolk, TNH%2 mm b
VDAY NTHLEZEZ A, 2 mm XML EIE27.3
X 10° itk CEE®E 6,411 um), 2 mm KEI R
50.0 X 10° filfF (CE¥#dE 3449 pm) Lpotz, Z
D ENTH D 27.3X10° A2 REFEL LT2 mm b
VA NEFEICNAL, Bido LB R rBIT
I N Lk ZMkE L7e (Fig. 43).

ALIBHOR/NERY A XDRKRE

U TCEE NG U Tz 2003 4R N TR 408 H
44 i G 5.5~20.1 mm) % 2005 46 H 27 HIZ
WL, MEBIAVyYHETHRERAZMEAL, BE
5.8~20.2 mm OKREH 69 2RI L7z, ELT=H
POIRMHZEY Y L 77 VR CREER, BT -
TT7 um 2T 74 VUREER L. SiE~< b
XUV AT TEHPAETY, NS A A
WTHRE R 2B Ui, B, REBOHER, M
(1981) #&Eiz, sHIZHH LTz, T7obb, Al
it 7 B D R (/NGERE DS B 3l U T RIUERTE 0 Rl
BUSEZEE NS D D), MEORKEEW (IIETE R D
SHREIII B S D03, IEINABIE S 0),
HED RS (R T TR IND b 0), o
RAGAW ORI £ 7T RAIIITBIER SN D28, BT
BRI NbO), KoL R, RO RS
oMb D) IZHMEL, Bk & ARER o R
& ORIREF~ T,
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Fig. 45. Histological observations of gonads of C. japon- Fig. 47. Histological observations of gonads of the wild
ica after the size-selection aquaculture. 1, Mature stage seed of C. japonica. 1, Mature stage (female); 2, Grow-
(female); 2, Growing stage (female); 3, Mature stage ing stage (female); 3, Mature stage (male); 4, Growing
(male); 4, Growing stage (male). Bars indicate 50 pm. stage (male). Bars indicate 50 pm.

Fig. 46. Histological observations of gonads of Fig. 48. Histological observations of gonads of
C. japonica after the size-selection aquaculture. the wild seed of C. japonica. 1, Undifferentiated,;
1, Undifferentiated; 2, Magnified figure. 2, Magnified figure.
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ALIBHOR/NERY A XDRKE

NTLREN 44 ko 55, #HEX 23 MEdYy, #E
102~18.7 mm ® 11 fAERSEAM TH -2 (Fig.
451). E£Tz, #HE 7.0~10.9 mm D 12 {73 AHK T
MTho (Fig. 452). T 19D, #E
8.2~20.1 mm @ 18 fEED B TH -7 (Fig. 45,3),
i, K78 mm O 1 fAMITREAMTHY (Fig.
45.4), HE 5.5~6.8 mm O 2 fEHEIZRIILTH -
7e (Fig. 46). KIRH 69 fiitkd 55, Mk 21 itk D
v, #%E 103~18.0 mm O 17 HEIZKREH TH - 2
(Fig. 47,1). 7z, %K 7.8~9.5 mm O 4 fAKIZARE
BITH o7 (Fig. 47,2). X 38 MAD Y, #E
7.3~20.2 mm O 32 fEAEIIREW TH -7 (Fig. 47,3),
Tz, BHE72~9.0 mm D 6 HEIIREKBIMTH Y
(Fig. 47.4), #%E 5.8~72 mm ® 10 fAKIZ AR LI
Tholz (Fig. 48). LLEDOFER S, REHEI T
DR EBINY A R0%, NLFLH T3 c#%E 102 m
m, T 83 mm, KXHTIIMTEE 103 mm,

e R

T 9.4 mm &HEL I (Table 9,10),

V-@ AIEBEKXEBEXEHOERDNR
DIREL

MR EAE

1. AIEERBERTEHDPRROLE
ARFEOIZBWTRELER 2TV S I TER LT
Wz 2003 “EFED N TR 2 vy, 2006 4F7 H 4 B X
OS5 HIZ N FEINC K 0 2000 2159 7. dbifEdsikeE
MALLEFERITRBWT C. calcitrans &G - Yo ~—
M S A7 AR tE, BIE 1 EMIE/mD) &AL
fABE LR (BUF, KREIF2REET3), EINIL 1~2
A% o % 30 R Y B —R R — b Kz
KL, WKREHETZTL—Y 30 Zfio THEGHL
Teo BEFRZ S 2 BRILLEIXEIZ 2 [0F 2/3 OfE K%
R Lo, KIEIFER L — X —ZHWT 20~25 Ciz
LT, 7HA4HBONTEEINNS 14 Hik, 24 HA,
35 Hi%, 47 BB L 58 QR ICEIF /KR O T2 5

Table 9. Gonad condition in the stage of gonad in C. japonica Culture and Wild seed at the Lake Panke
Gonad condition Range of Shell length(mm)
Seed Sex  Undifferentiated Resting and Maturing Undifferentiated Resting and Maturiing
growing growing
Culture Female 9 12 11 5.5-6.8 7.4-10.9 10.2-18.7
Male 1 18 T 7.8 8.2-20.1
Wild Female 4 17 7.8-9.5 10.3-18.0
10 5.8-7.2
Male 6 32 7.2-9.0 7.3-20.2
Table 10. Difference in gonadal conditions of young shells by size groups
Wild Culture
Shell lengt] Undifferentiated Resting and growing Mature Undifferentiated Resting and growing Mature
(mm) Female  Male Female Male Female Male Female Male
5.0-5.9 2 1
6.0- 6.9 5 1
7.0-79 3 1 3 2 2 1
8.0- 8.9 1 3 3 4 3
9.0- 9.9 2 3 2
10.0-10.9 2 3 3 3 2
11.0-11.9 2 2 5
12.0-12.9 4 3 2 2
13.0-20.9 11 17 4 4
Total no. 10 4 6 17 32 2 12 1 11 18
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By N TAERBHEHO—HERY L, #EEAEL
7o WHRIXIZ 2006 4F 8 20 HIZ SV 7 B TR H 28
#£1, 2006 4E 8 H 21 FIC NLREINC X 0 &2kl %2
HAwnle (LR, RAKERE T5). flHEHFEIZRE
NLFEY F2 B L FBRICIT-o 2. FBEKRZFCIZAR
HX5ICERK e —&Z—T20 CITHfi L. NILEDR
25 19 HEERE, BEEZFHILKRE F2 BEL U/
W EECTER S B, FEHEEFIL R EZ R L 2,
ORI & b EE ARG L iR R s e 0 &
BT D Lo lEESE 1Ak 1 Hd 72D 10X10° il
faZfEH 5 % 7o AR O IR [R] Uikl B £
ICHRICOWTHIKL, MEIIZIAF 2—F > bt
WEZ AN TRE LTz,

2. BEADERES LUREEDLLLE

R F2 B X ORAREREL T, FEINIS 2 &
AMEE LR Z Y, Bk bZnZn kS, h
B XUV D 3 BREIZIX L, &R 50 me OFF
ALARAR TS 20 HARINARE, SHIT1 7 HRfAE L
Too REIF2 BENDHX A LI KEL, IR X OVNEIT
4y bEREL, Fuy NOVEEREITERLER,
1,761~1,877 um, 816~837 pm B X U 417~458
pm THole, RIARBFEIIFERICEIXE T3 7 v
FEEL, &2y hOFE®REIX 1030~1076 um,
620~658 um B LU 350~358 um THoT, 2L
BRMBIINNE L 27 b o ARl 2 02 U 72 B
KFEIZINAR U, C. calcitrans %k iRy 7Tk, 7
ou7 A NVERL ng B EED XS ITHRIL .
B TREEREOFHE LB E O ETT > T2, R
B & 100 X AL RME AL/ FERBMAERE L, vy
kN OFE Tl OAX BRI B Uz, £z, RE
A 100 X FEAE T RO 3% B/ E BRI O ¥
e L, MEICHSE TR 2, 2ok, ks
DRECE S TEDRD S NG A& X —Ie B 217
VY, A 5N NWIEA X Kruskal-Wallis #0E % WV,
HBEZEDOKREIZ 5% KE T o/, FEHK ST C
calcitrans ZZHafE L, KiExERe—2—Z2ZHWNT
20~25 ClziiE L 1=,

Hw R

1. ATFERKREREHIYRER D&
K F2 D% EIT 7 H 4 HOEN®S 14,
24, 35, 7B LV S8 HHTZENF I, 148.0%£2.53

()
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Shell length
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day

Fig. 49. Changes in average shell length of C. japonica

Each point and vertical bar represent mean and SE,
respectively. *Significant difference was observed be-
tween non-selected and selected groups on the same
day (P<0.01).

pm, 232.0£16.59 um, 380.0%29.11 pm, 599.4%
3242 umBEUT7054%67.8 nm THoT (Fig. 49),
KRR BORED 3% BIX MBI 193.2£5.13 pm,
214.1%631 pm, 295.8%+14.60 um, 436.1%£29.54
pm, BIXW617.8£37.74 um LRoTc, BEINLD
35 HHTIE, RARKERHI % ED 296 um THo
ezt L, KEIF2#E1%380 pm T 13 oKX
SThHote, FEIHIDS 47 AH TIX, RAXEHIZ
436 um THoDIZH L, KB F2HIX 599 um
TR IARBORESTHo Tz, FEINS8 HAETIX, K
IRFRE AR BOREZ 618 um THoTeDTHL, KBF2
FEHX 705 um TR LIBEORZXEITHY, KRB F2RE
OFBENMEEZHER Lz, 205 BEE 35 B 47
A% CidaEzE (P<0.01) b bitik,

2. BEADERES LURKEEDLE
AEBEHEITRE F2 o R, il X OVMEZZER
ZH 55.0~85.7%, 15.0~70.0% 3 X ' 5.0~40.0% D
HWHIZH Y, FHHETIEZENEIN 63.9%, 33.8%B X
W183% TH o7 (Fig. 50). RIRLHHEDOAEBERIL
K, AR X OUMEITIXZRZEh, 40.0~55.0%,
15.0~45.0% 3B X U 5.0~25.0% DHEFIZH v, Fifl
TIEENZEN 46.7%, 26.7%B LK 15.0%TH - Tz,
KA F 2 BER X KRR IR O LR IT O CERE B
TEElERT 5 &, KETIEZENEN 63.9%8 X
0 46.7%, HEITIEZNEN 33.8% B LT 26.7%, /I
BT 183% B IR 7.1% E VT HLd KM F2 B
WiEE R UTe, £z, FRRICRERO % k3



5L, REITCIX210%B LN 174%, hETIEERE
200% B XU 176%, /NETIE256% B LT 186% T
Hote (Fig. 51, HEHREBIVEREEL bITHNTH
DOFEETH, KB F 2 BENRRAERE % L - 7z,
DOW, EEFETIIRE F2 B L CRARERFLE b IT
RAENT/ MR L CTHRIZE <, BRERTIIRETK
BF 2 SRR OIS L CHBEIZE 2o Tes

-
—
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Fig. 50. Comparison of survival rate of C. japonica.
Each point and vertical bar represent mean and SE, re-
spectively.  *Significant difference was observed be-
tween non-selected and selected groups on the same
size group (P<0.05).
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Fig. 51. Comparison of growth rate of juvenile C. ja-
ponica. Each point and vertical bar represent mean
and SE, respectively. *Significant difference was ob-
served between non-selected and selected groups on the
same size group (P<0.05).
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2003 47 H 9 HIZ NLFERN LERK L 7o N LHE i HE
H 555.0X 10" &I NT, FEIHTHPSTZ
YRRy MBI MY IRy MEEIZIUAL
TEICKRFEANVFHTERL, 200546 H TAET
Bk L T HEH 2 D TR O A I BIZ I X 0
INIGR A RERE LTc. £ OfEF N TR Tl
E 102 mm, FET83 mm LHEZ Sz, £/, K
AR AP LRI U REEY < b Y I O
IND A VX, MECHEE 103 mm, BT 9.4 mm & HEZR
Shic, LEEICAERT DY~ by Y I 0L
INBIXHEENE CHERD V, FORER N A R1X
METIX 10.5 mm, BETHE 143 mm & 0,15 mm B
ETHITIEIE 100%EIEETH Y (i, 1981),
FKEFEDORRER LA LIS & DIFIEFR CY A X T
RS B Z LSS L o7z, Baba (2005) XA
WO R Ok R ITIEF 1T <, 15T 0.7 mm,
25% T 2.1 mm EHEEL, REHFREA (1981) O
U TR A AT 28 a S L HEEL T
W5, KIEEY< R Y IOE L RCEET 23
RS 5T, KRN OEFERIITA TS 5 25,
LR OMEIT L W ATHEEICB W TIIRREREE THRK
FTAHZELILEY, 2 THRARBIOCEMNTE, NI
W2 RREBRZMM L THEKL, BEMN 10 mm 2Lk
ORFEZEERN L CANTHENT S Z icky, kittfitx
EHTEDZEDBHL N E RS T,

WIT N TREYE O KB 6 4225l UKRSY F 2 fEA 1
HLRI2 » ABEIE LT, KRKEREE PR ERITE
Licl A, KEIF2REOTBRWVETHR L,
i, WifEE R, thEE X OVNEICEEE B ERE L,
ERERBIORERLRIEE L 25, AERKRTIIK
HF2HELE KRR CAHRAEITRD SN2 oD
DD, FERETIIRBTREF 2 BESREWMEZRL,
BB DD ZENRBEINT, Y~ b Y I
iz X Bk EFEITOVWT, Baba (2005) IE#EER D
HEH O EILE S S oY < by Y 2 O ESRN
LWV REDEITZREOEN T TES, HBMW
ERIZEBDOT, BEMITRESIT TS LHEIIL
TV, RBIZB N OREKIC X 238 HEREIC L Y K
FIRE OB RBAO SN L, Y~bh VI
RENRBEBIEETHDEZ L EEMNMTEF—2ThS
LEZLND, HEOREERICETIHEE LT,
TavHA CIEHBRERBEOLEA L L ToEAaR X
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ORI GEfM) 02 FITRKERETTV, B
A B R EBRE O FE M & LT oOEARBIILEEN
REAER <, RIERIC X o THERRE Tk A
BEROBHA B GHRENZERTE 5 Z LB HEHS
NTEY (i, 1984), EBHLEMIC L 5 EAFEO
HIRE D KA TR RETH 5 Z EMFEIE ST
% (fnH, 1985), W#EELZHMWE LTI~ ¥
WX 245255 Y, Imai and Sakai (1961) 1XHAR#A
o< B Xz, 3 RiTh > THRSED & SRR
ZHEEITV, N5 2AMMOBAEHICHAE L CTHREY:
MIFEZfTolc e 24, HAFEIZ Lo TRESHBED
BRE, kb O~WIEE, BOE - ORI, 7V a—7
Y OEHR, WRRENERY, EiIn T
MOZEIEXR S I fTbh, F1LIZHBZEORRE, KE,
Y a—=rFrERPNTR b ORRERT I L E
BB LTS, J] (1990) 1=V 77 E N L
EHCTHEME 1 1 ZlIZ X - TR B MR RE
Tl BB N CHE L, BREEZEEICREDENZH
Niel Z A, REHIZEDlEOAREAMERAL, HEi
FE O E O 2= BB AR O R ORERAERIZ L S B
DOLHRL, BHOBRRIZEZ2REERBEENTS
P EHO WM 2R L Tnb. K (1992) 17V E
FR ARG THARIOREORY, Wbwa Dl
B GEIRFE IR Z2EREL, ZoOWILSESLITRED
Tl 2 Rl Uk 2 AR A L e &L 2 A,
NS ORMEOBEFEITHM 180 nm L LAY,
O KWL OIERIZ K 0 EERER O RO
EHRfEREN TS, TU LTI Y 7T BTl
RN IO, A TFIRA WX 0O it IR A P ftd
e E AL, FAEITHE U R O RO 0%
HWERICEY flTe 72 & HlTSGE A H iR H IR LB
EIZE-STWS (fek AR, 2005), ARLGIZE D ¥~

FY PN TH BRI, EEORWEEZRL, =
Bl 2 Zic XV mRRHEENTLZ LA TH
VD, HREERDZLICEVEENRPILICHED
ATREMEAE 2 H D,

FBIRITHE S TR Z DB B OZBIT DN TS -
HEOARERE « [RERZETHRERDD (R, 1978
K - BB, 1984), Fujio et al. (1997) 1%V > =
H A CTEIEER OMER AT IR IR0 R D E
PHET D Z L EAMNIT, HARTEH IS B R %
bz ~Te, 2 ORER, BURAB OB 1T K 5 F0
LD FRBIE SN, BIEEOENEFA~D 1 [RIHD
BINTRERIZ ER Uz2s, 2 [l H LU TIdoR g

FIFBLINT, 11 HOBR TR R IIsh
DEIGPEAL, 2HBELUETH®EM Lz, Z0Z
e H 1 B HOERTOMIED LRITA~T 7T 2%
RIZEDDDOTHY, ZNLFEOZFICHBITZMLE
OWMTERTBIC LD Ex BN TVWD, Tz,
5 (2000) ITXkD &, B OERHAERD BT
WROF ATV (TATHY) & 2~6 fLH D13
H# 545.6 MsIC B o CTHRMBHRRE L 2L 25, i
REFERD ZL AT e EAFRIIREIETL, &
LREBIT ER Uiz, ZOBRMH L # HEIX FAO
(FEFE A R AL EHBE) ORI N TREN P
BN TCRIBNZ MR T2 2 L 2 BN, HiR
FTREBOBIZTONWTH S L T BRI A5 T
%500 BLEET B4R (B0 - =R, 2001) %z
LTWibDD, B#EREIC L VERENREE ST
EPLBEMNEEAPESS LTV, Y~ Y
IZBE U TIRHEAR DBITH W 2 8 HEL, kA% & s
M REMEICBI T 2513 <, SHBmET 50823 H
%, File, —H CHUHEMAMN & LTS 2 D Tl
<, REBBi~O&#EpiE L, | RAEHR Ik
DEMEM D73 & OFEFETEDRIEITONT S MEtd
DIERH B,

FVIE KRamaE

AFZRIRAbHEE R 7K R I K OCAFRIIARITAER
FTHY< N DI BRI N LR A AR 2T 4
5ZExRHME L, ORI AN 232
Te®ITiE, HIHITetg & 32 oL E 2 HE L A
TREINAFEEAM A WAL T D R D D, E T TARIISE
TiE, FTRENIARICERT A< hr Y Iizon
TR X ORI BB DAL & 2Ll B O FHFR )
BALE Tz, ZOFER, REFTIEIMERE & b ki
IS L OVERERIEEIL 6 A RANTIR S 7 H RANITHIF
TERL, ZoBmlRIcascmds Uiz, EiEio
FHABARIT 7 A _BANTIIRE s & BUHENITRE AT L T8
Y, ERASRIEEE X O R 5 O B 7 IR A I R
IR Lotz L 5 o L HEl Xk,

WIT, NLFESERGEZA LT D2 L2 HN
12, oA DOKIRGM &S B I B A
TRESNFHEIS IRl e SRt L, 7kl 25°C, Hisr
5 psu DM TIRD L < DFENRABND Z LS5
heleol, IHITANTREINRERREZRET 5 Z
EAEFAMIIT, 7A~8 AT T ALENBREZT-



T2 ZA, 7TH9HICANITENEFT- BT W T
DB DL <, 10 HRIZBII2HEHEEToL
BEBRO NPTz, 7 H 9 Bl TIXEINEE L O
M EBIEE IR o T Z e b, KE)IKSR
DY < bV ITRNT N LR AERE I U 72X
D TRONTIAMTH 0, AR DR 3 D T
BEHTHDIZEBHLNE RS T,

TRV A2 PE ORI RAITIT B O AEME A IT X B EIN O FL
R fighcdy, HEOMEAETHKESML TR
HORGEESF SERROFEIHEI W ED L Z itk -
THEHOBRBEMN E 2D Z e nmbnTnd (kk
K, 2005). BRI CIEEE IR B U TIEAIR
B OEESBREICH D72, AW CIIENTER X
OREHNTERE U 72 i ELIZ DO WT, KR X OB i)
FHTIT & B RAVEAERN R B L O H o FE S 2 B
P B L EHNICKRE 2177, £7, I
HNTHEI U 72 i H % 12~30 CHOER B KIET 1 # H
MBI Ui A fe 8%, EMRBIE B L O EH)
Be%, ERE BB ONTEINED S B KEIC
X B EMEIERI R E MG Uiz, ZORER, REHIEE
TIEMET 25 CREV 30°CT, MHTIZ12°CBLU20
CTENEN 3B L1 EM%ICENS 2 M
DBHGHI, METIIAFERE TP R EA TVWD Z &
PRIz, 6T HERBIZANTENEToc &
Z A, BB OEEE CTARIEDENWX TE < DN
BHLNTe, TOZT b, FEIIHIPIICERIL /2 i
TIX 25~30 CIZEHIIT B Z LItk v, REMBMEMES
NAHZ BN LR, —h, HTIFZ12°CB &
O 20 ‘COARAK THRE ARSI 2 B m 23 5
, BroEHETIEs A Larbha), 519 H
A TR IR B R RS UTe, N
BHZAT 5 BRI o pE N BORS IR S — B L T 5 Z
ERTURTHDZ &b, FEINTHIT TRl H Z RS
PGB BITIZKIE 2 20 'C~25 CIiTd % Z & 25
THETHDLZEPWEL N R Tz, SHICRLEE
M5 Z &aHMIT, FRIREIZ PEIIRE D & Rk
I, REARHATH B 6 H LA)h D e 5 kiR BB
BIONHMEE 2 BT 2 » AMMEERL, &
WERFREL DHERE > & A ERD R M LT, 2 Ol
R, KBRS AR LEBRG HEEE 25 CTHE
L7, BIERB»S 2 » AR TR A Ik E 25 °C
I EA SRR, WERB»S 17 ATHRAIOKEE
25 Clz ER-S W i, MRS & ITikiA I 5E £
OVEFERFRE L ST, RAeE RiEA s

e R

holc, e, HERMZHREL, KARYTH 5H
HEECTHE LEHB L OCARHR XV EH~OBLT
22 O HEUT S U e BE oL h, R & & 2k
MERFEEIS K VAR & DN, ARy
RiTH LN Te, IIC NI ZITY, pEIE L
24 [RE[E B D 1Y) A2 D A ML D> B AV R IR A #R
MLl A, EIHEY 1 ANZE RN 7 Hph)ic
U 1~2 3 2 TR A 1Tk % 25 Clz ER S8
TECREMNBIL <, HlEhEDEBE b S hoTlc, T
DT s, FEINENTEWRHTIZ BRI UK IRERET$ 5
ZLizky, RADOENNEI VRN EETESZ
EBHSE N Te, ETz, RHOFAFEEHIZRNT
fBEkZEREETH WK ZRHNTNDS D OO,

IFEEEHICELWRETRRE TH - TDIIHL T, 7
HpaITERELL, C calcitrans % 2 W5 %2 THFEL
TR A AT ORI LA THSERIE B O 034 72 <,
NTFEINT X 2 PEINES X OB E DA D 47>
Teo TOTERG, NLFEHAEEICRIT 2 RHOHE
BN T 5 Z L EETH D Z EBHLN Lo
Teo Bk, FEEAEFE ORI ZX D oD ITid ki i
RO RIMLIZ A 2 THETH Y, AFFZE Tkl
7> B ORI L O A BHFRER I & 2 o e zh S
FRO NPT b DD, FESEIRIHIN S DK
fIZ K> THRADIRERSTEETH v, RHOEH
& U CUEMERE D BORE O % Rl 3R S & 5 T 0 Ikt &
20~25°CE L, EBHEANREZITS Z & TR
DOEBERMENEESZ NS N Ro T,

WIZ, NTEEIIT X > TR LN iRilish A3 L UHE
HE2MUNCERT S 20i2id, MIEREORE, Jik
BIORIZOWTHLNCTD2HERD D, HE O
HERE TSR L ORERISH L 7 Z > 7 b oz
E OWHEAIGH LERSK S, RS ORAK
L7 Lo #RE S TS (WK, 1980 ;
Helm and Lang, 1987 ; H& 5, 1997). AW TIX
PRGN F K ORI EARE 1T k3- 2 el 70 AR O F %,
MEER L OEZNONCT S Z L2 HMIIC, EEEL,
MARERE, C calcitorans, C. gracilis, P. lutheri 8 X
WL %52 BOERER X L@ EN DR
FTl7c., £, NLEMNEHOFESAEIITL C
calcitrans , LR L OMARERRE 5 2 22 HRES ¥ —
LCEHELRZEZ A, WHIETILC calcitrans %5 %
T X CIHIBIE 3G K 22 B IO TIRBEN R 5 < 72 B0
M2REZ SN, BAREEE G X X Tk TiREE
MBEL, BHELEE X XTI EGIEX & IRIE R

-
—



Y= MY IO NLRETAEICBET 2158

HEETHoTe, ERBIRETIX C calcitrans B X O
WA ZE G2 X TIE% < G256, 9 HEH T 100
%%EmRL, MEEToTFBRIEELE, 20L&
WCHEER N BT C. calcitrans B X O AR EE:, BIEEK
PBIE C. calcitrans DMERLE U THITH S Z & A5
Lkl ole, WICHEEREOILKRIS X OEHEEM D
BWHEZR Y, 100 € D3V 54 MkEZHWTAT
FESNE B O VEiELSh AR 1,040 X 10° A ZIE L T C
calcitrans , JEHEL R IO KRR L 52 54 HHEEH
L7z, FORW, HBETIXC cacitrans 5 Z 21X
Rheh <, FEBRETIIMKRERE S 2 XKD
RK&EPoTe, EERMEE L IR RITONTlE 235
CHEFRLE L TR LEEZ A, C cacitrans &5 %
B bEProTe, ZDX ST C. calcitrans 137 <
ho Y I NTHEIZR LT, HliEshEnS5ERB LT
WIIHE R 2B R T DRI 5- 2 D e LTHMTH Y,
TFAEENAE 1,040 X 10° fAAIIFE T 2 » HE5 O HARM, il
BITHZLBARETHDZEBHLNERoT, &6
IR EITRE 9 5 i 72 (PR, AR R X ONR
B ORIREH B PNCT B Z & BNICKRG 217>
Teo NILBEESTE HOFES AT LT, C calcitrans,
C. gracilis, P. lutheriBEX O/ 0L I 2 HFMB LU ¢
| DRAREEADRETE X, 16 HEOAERER
FOVEEGR RN OEERGH GEEZRH L 25, C
gracilis & C. calcitrans DIREFGTH, C. calcitrans & P.
lutheri DIRAFGEFCEEEMIN LT DA BN,
R LR RICOWTIHE ZR B GFREE LTH
WrLic& 25, Rl | ARk U s 7 ia i i,
HMAR BT TIX C gracilis THREEE 20X 10° #lfle, BA
YREETIX C. gracilis & C. calcitrans D5 OFGEERIE
5~40 X 10° #i}l, C. calcitrans & P. lutheri DIE D
FRRHER I 10~20X10° MR CTH D T &AWL Lo
Tze
WM ERE CI, Rk Rem At & B AL
R A RO MR A BT D T & SR &
ODLHED—DLEZ B, HBEOMEEREIZRNT
SRR 2 5 & U B EEAED STy
% (FnM, 1984 ; FfAMH, 1985 ; Fujio etal., 1997 ; J&,
1992 5 /MK S, 2006) s ABFZETIEY < k¥ 2D
WTC N LR OfRERSR 21772 o T BRI S I HER
RV, EICREARV 7 ETER LA O KEA
WaBE kL RB L e G S OB A MG T 22 L%
HINIZ, /IR A ROMERR L ONERRI R IO
THET Lice £9, NLPESNIC X 0 pEH LIGREES C

oSN NTREHEE 5550 10° ifklzconT, 7
S bRy MBI MY I xy bR
LU TR AN 7B N UER LR 22 L,
NTLHEH 2T D 7 DI E D K& S 25
DB D T L h B AR ORI BRI X Y /)
YA R ERE Uiz, ZORER, 2o N Lo
AR B T AL R B S 4, E TR R 10.2
mm, HETIE 8.3 mm THRADHERIN, NLHMH%E
AT D BRITGEIRT DB/ A ABHBn Lo Tz,
ZOESIE, NIHEEGEZEREEEHWTAERL, &
HICRIRBIEZFIH L CTHERTAHZLICE-T2/T
R L, 3T ANLEIAEETH Y, BEH 10 mm
YL EOAZEE L NTEINT 5 Z LIz X o THHMRT
EDTEBWSLNE o T, RICANTHEN O KR HF
LA U RAELEY F2 BEAEH L, #92 » HRIHE K
L CRAREHRE L PR R iR Lt 25, F2R/E
OFBEMETHER UTe, £/, W2 KE, il
Oz RERIZEE L, EBRERIOREREH
WLz L T A, HERTIIF2 L RRSERE CH X
HEIFADONAEP-L OO, FEBETIIRET
F2HEREWEZRL, BERRH D Z L3R S
Nic, 4k, REIOERHNRZREVIKSTZ &ITkY,
R T ZAE T & 2R3 & 0 WS DMk A3
ENB, BHIT - TR Z DEH AR DOEEIZONT
A - HBOERE - RERETHERDY, T
< bV T LTI OBIZH WS H HE, fE
B E RS I BT 2 35 I mTh Y, Sk
eI 2 ERH D, RIFFEONG & LT KIEIK R
TUE, 2~3 I X KRB AR BEII S E TV D D
OO, BELUTHEIZ 1VELIPNITIZEE A ERBEELER
WRIN2LB2>TEBY, ZORWHERIIAHE SN T
W5 (5H, 2006). F7AREI7KSR Tl v
<~ MU IEHOBIRGEEZ T2 T0nd b DD, i
BOMEINTIZ DR8> TRy (fEA K, 2003), it
Tl THERR U7 N TR, BRI CldZe <
TN E L CEHAT BB TH D, 2Dk
WITIE, RERBRBEA~OMEZ 1k U N &5 2l
XBEREX D EOB/KFEDOHFEOEETH S,
Bkt (2000) ITEDESTVIRBITIMEETHED
Fuux, () BEROHIR, ) #&E - #EHIR,
(3) HaIEITBET AR, ) ZMMAORE, (5) {kifa
HORGE, 2R ORIR, (6) X OEER SIS
b, BIROBUREZHEL TZ o XL 5 REIREHE2T
ST NV Y IGRERHET DAREN R LR



TWb, KETIXEFMRED DT, ITERERHIE,
HEEIMERE CREITIX 5 Admrs 7 Adf, S
YT T ARG 10 AR), EXoEE (R
HINDO—, R 7 BB 5 HERIEOmERE) %
fToTna (I, 2000 @ diFf, 20000 HOD, EHH
BOWMMTHEIED 30057, HERITAE & dd Lk
TR EREE T AES kDB R TnWS (4
H, 2006). i Z %3 2 #i o BiidipsEg
IROFAFERK D FEINO D OB ER#EIZH Y (P,
2000), HEZEOFEIIHNICEIESTIT D Z L AAEIREIE
WCHEMEEZBND, KDY Y I fZETIIpEILIC
LI|EL T0B, ZOHIRNTHERIR A S i
RHEEEZN DA TERICRD EEZBND, £,
el & QI TIXATRITHIGIFIOKRT DT v
VIMOFEIARREL 20, FERI A & 22
% (h¥, 2000). B3 (2000) 12k B &, dbHEEH
AT O 8 km I ET DHEWTHOY~< MY
I YR IXIRRN 38~45 4EITIX 15~40 b B o H D
B3, HHFN 47~50 4FITI3H 3 D VAT & TH HIAA,
RS BB O DRI A SN T ERFBIE S E e
Tepnn, REORHZHEENNSBML, SEN
TR Z &8, XA 24 2RI
AL TRY, FHZr< b P IDMEBERRmL D4
& (11~5 1) I3 Z itk »T Mo
LUAI ELTOT Ty MMEBKRIhL, 4ETIkifsE
FRREL TNV, RERXOAFHTROTHATIZ
HIGREK T B To O BZII AR A RIIC 72 5. L
L, REBIOCARX CoBERNMLAIE B
A BN T X SEL O X5 1T AR L
TWRWEBMZ-LH R EZA L TVd, ThbHD
MRk 2 H L CRREIRICEDb Y N TR EEB X
V& UEEICHA TEE, BERBICESTSHZ
ERHRETH B

DLk, AWFETIE, Y~ YV I o NTREEAEER
WIZRAL, MROZ Loz, NSNS,
KIRIT X 2 AR R, REH OFBISAM: OB X
ONREE), lEgh A3 X O R~ DFGRE 1 (B4,
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Short paper
Assessment of nutritional conditions using Kidney
melano-macrophage density in hatchery-reared juvenile masu
salmon Oncorhynchus masou released into a stream
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Abstract: Underyearling hatchery-reared masu salmon Oncorhynchus masou are released into streams in spring to

increase the coastal masu salmon catch in Hokkaido. It is important to study the nutritional conditions of the juveniles

after release in order to evaluate the hatchery program. Our study examined whether kidney melano-macrophage density

(MMD) can monitor nutritional conditions of the juveniles after release. Significant negative correlations were found

between MMD and liver triglyceride content, which reflects lipid storage as energy source, in recaptured juveniles and

between the MMD and fish density in a stream from spring to summer. In conclusion, this study suggested that

MMD was a negative indicator of nutritional conditions in the released juveniles. Meanwhile, the nutritional conditions

of released juveniles worsened depending on fish density from spring to summer.

Key words: Masu salmon, Kidney, Nutritional condition, Melano-macrophage, Triglyceride

Anadromous masu salmon Oncorhynchus masou is
one of the most important coastal fishery resources in
Hokkaido of northern Japan. However, the coastal
masu salmon catch has been in decline for the last 10
years (Nagata and Kaeriyama 2003). Therefore, a pro-
gram to release underyearling hatchery-reared juvenile
into streams in spring has been implemented in Hokkai-
do. It is significant to examine the nutritional condi-
tions of the released juveniles in order to evaluate the
program, since the success of the program depends on
there being sufficient feed to sustain the growth of the
juveniles in the stream. In general, growth and survival
in stream salmonid juvenile are apparently density-
dependent (Hume and Parkinson 1987). Misaka et al.
(2007) revealed that there was a significant negative
correlation between the mean triglyceride (TG) levels

in the liver of juveniles and juvenile density. The lev-

els of the liver TG, which is lipid storage as an energy
source in fish, are appropriate as an index to evaluate
nutritional conditions in wild and hatchery-reared juve-
nile masu salmon, since the decreased levels were in-
duced by artificial starvation (Misaka et al. 2004).
However, it is not sufficient to assess the nutritional
conditions of the released juveniles using only the TG
levels in the liver.

Melano-macrophage (MM), which contains the pig-
ments hemosiderin, lipofuscin ceroid, and melanin and
resembles macrophages ultrastructurally, is often ob-
served in the kidney and spleen of teleosts. The aggre-
gation of MMs in the kidney during starvation is
considered to relate to humoral and inflammatory re-
sponses, the storage, destruction and detoxification of
exogenous and endogenous substances, or iron recycling

in the kidney (Agius and Roberts 1981). Increase in

* E-mail: shinya-mizuno@hro.or.jp. Tel: 0123-32-2135. Fax: 0123-34-7233
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aggregation of MM during hypo-nutritional conditions
originating from artificial starvation has been observed
in juvenile rainbow trout Oncorhynchus mykiss (Agius
and Roberts 1981) and juvenile masu salmon (Mizuno
et al. 2002). Mizuno et al. (2002) reported that the
MM density (MMD), the percentage of the area of
melanin granules per cross-section area of kidney, which
was calculated by image analysis using paraffin section
of the kidney, reflected the nutritional conditions in wild
and hatchery-reared juvenile masu salmon. In the pre-
sent study, the relationship between liver TG content
and kidney MMD and between the values of these two
parameters and fish density were examined from spring
to summer in hatchery-reared juvenile masu salmon re-
leased into a stream in spring in order to clarify
whether MMD can be used as a marker to monitor the
nutritional conditions of the released juveniles.
Utabetsu River is located in southern Hokkaido and

flows into the Pacific Ocean (Fig. 1). The river is a

year-round no-fishing area. In Kami-Utabetsu River, 8.2
km upstream from the mouth of Utabetsu River, there
is a 550-m section between two dams that prevents wild
masu salmon from migrating upstream (Fig. 1). In this
section, six stations to examine the fish density and nu-
tritional conditions of released juvenile were established
at about 100- to 150-m spaces (Fig. 1). All stations
that contain both pool and rapids were given a number
in order from upstream to downstream. The average
surface area and maximum depth of stations during the
experiment were 34.91 to 100.97 m® and 0.45 to 1.27
m, respectively. Previous to this study, no juvenile
masu salmon were found in this section, although a few
yearling residual males, which originated from juvenile

released in 2001, were observed. On May 1, 2002, ten
+

thousand juveniles (fork length 5.31 0.48 cm; mean

=+

standard deviation, #=50), which hatched and were
reared in Erimo Research Branch of the Hokkaido Fish
Hatchery (Present Institution: Utabetsu Hatchery of

T T
140°E 144°E

The Sea of Japan The Sea of Okhotsk

44 N+

Hokkaido

Paclﬁc’Ocean 46N

Utabetsu River,

Pacific
Ocean

Kami-Utabetsu River

Upstream dam
Station 1
(Release point)

Station 2

Station 3

Station 5

Station 6
Downstream dam

200 m
5 km |

Fig. 1 Map showing Utabetsu River in southern Hokkaido and sampling stations in Kami-Utabetsu River.
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Table 1 Total number and mean fork length of masu salmon captured in May and July, 2002

Underyearling fish

Yearling residual male

Sampling time

Number  Fork length (cm) Number  Fork length (cm)
May, 30 404 6.88 £ 0.71 4 16.10 = 1.24
July, 30 155 10.07 = 1.23 2 18.5, 20.5

=+

Data are expressed as mean

standard deviation in all fish except for yearling residual

male in July. The two numerals in yearling resident fish in July indicate surveyed values.

Hidaka Salmon Propagation Association), were released
at the Station 1 (Fig. 1). On May 30 and July 30, 2002,
fish were caught twice over using both an electrofisher
(Model 12-B Backpack Electrofisher, Smith-Root Inc.,
Vancouver, BC, Canada) and a cast net at all stations.
After anesthesia of the fish using 2-phenoxyethanol, the
fork length was measured. The fish numbers at each
double-pass removal

The fish density at

station were estimated by the

method (Seber and LeCren 1967).
each station was calculated by dividing estimated num-
ber of juvenile and yearling residual males by surface
area of the station. Ten to twenty juveniles per station
were randomly sampled for analysis of MMD and TG
levels and the rest were released again. The region above
the right ventral fin of the kidney from 3 to 10 juve-
niles was dissected and placed in 4 % paraformaldehyde
in 0.1 mol/l phosphate buffer for 24 h. After dehydra-

tion and paraffin-embedding of the sample, hematoxylin-
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1.25-

1.00 - C

TG (%)

0.75

®

0.50 -

le

10 15 20
Fish density (fish/m?)

0.25 T

00 05

25

MMD (%)

eosin double staining was performed on 5 u m-thick
The image analysis method for ana-
(2002).

The MMD was shown as a percentage of the area of

paraffin sections.

lyzing MMD is described in Mizuno et al.

melanin granules per cross-section area of kidney. The
7 to 10 juveniles were frozen on dry ice and stored at
-80°C until TG analysis.
analyzed according to the method described in Misaka et
al. (2004).

percentage

TG levels in the liver were

TG level in the liver was expressed as a
of TG weight

Correlation analysis between mean MMD and mean TG

to total liver weight.
levels and between these parameters and fish density
was performed by Spearman’s rank correlation. Statis-
tical significance was accepted when P<0.05.
Underyearling juveniles were recaptured at all stations
in all sampling times except for Station 5 in July, while
yearling residual males were found at Station 1 and 2

in May and Station 1 in July. Mean fork lengths of

0.8 7
0.7

O May
® July

0.6-
0-5 A c)
0.4 o
0.3-

0.2 -

0.1-r
0.0

10 15 20 25

Fish density (fish/m?)

0.5

Fig. 2 Relationship between fish density and liver triglyceride (TG) level in juvenile masu salmon (left side) and be-
tween fish density and kidney melano-macrophage density (MMD) in juvenile masu salmon (right side). Values of TG

levels and MMD are shown as mean standard deviation (TG level: #»=7-10; MMD: »n=3-10).

Data at Station 5 in July

are not indicated in this figure, since there were no fish at Station 5 in July.
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*

underyearling juveniles were 6.88
and 10.07 *= 123 cm in July (Table 1). Estimated
fish density ranged from 0.33 to 2.18 fish/m* in May
and 0.04 to 1.96 fish/m’ in July (Fig. 2).

crements

0.71 cm in May

Growth in-
in wild and released underyearling masu
salmon juveniles are reported to decrease as population
density increases (Nagata, 1989). Moreover, Hume and
Parkinson (1987) reported that density at >0.7 fish/m’
in the British Columbia stream in Canada resulted in in-
creased mortality in rainbow trout, which may indicate
that there are some juveniles with hypo-nutritional con-
ditions in the present study. Mean MMD in the kidney
was observed between 0.19 and 0.52% in May and be-
tween 0.30 and 0.50% in July (Fig. 2). On the other
hand, mean TG levels in the liver showed between 0.49
and 1.02% in May and between 0.41 and 0.79% in July
(Fig. 2).
between mean TG levels in the liver and mean MMD
in the kidney (=0.60, P=0.045) (Fig. 3).

possible to indicate an individual as a plot in Fig. 3,

Significantly negative correlation was found

It was im-

since an individual analyzed TG levels was different
from one analyzed MMD. These results indicate that
mean MMD in the kidney is a negative indicator to re-
flect nutritional conditions from spring to summer in ju-
venile masu salmon released into a stream and there are
differences among location in nutritional conditions of
juveniles in the same sampling time. In juvenile masu
salmon, the borderline where dead fish is observed in
the juvenile population in an artificial rearing environ-
ment is not only >0.5% in mean MMD in the kidney
(Mizuno et al. 2002) but also <0.2% in mean TG level
in the liver (Misaka et al. 2004).

some juvenile populations are on the verge of death in

In the present study,

May and July according to the MMD borderline, al-
though there are no dying populations according to the
TG borderline.

different effects between wild and artificial experimental

This discrepancy may originate from
environments on MMD and TG values. Consequently,
dead juvenile might appear in the population in a wild
environment when MMD would be >0.5%, even though
mean TG level in the liver is >0.2%. The correlation
between fish density and MMD was significant in May
(r=0.50, P=0.0017) and July (+=0.59, P=0.0008).

Also, the correlations between fish density and TG

0.6
051 R
- o
L0410 °
a
2 034 © o 3
0.2 fo)
0.1- T T T T T T T 1
04 05 06 07 08 09 10 1.1
TG (%)

Fig. 3 Relationship between mean triglyceride (TG)
levels in the liver and mean melano-macrophage den-
sity (MMD) in the kidney in juvenile masu salmon.
The plots in this figure express the means of TG and
MMD in the juvenile population at individual stations
This figure lacks of the data at
Station 5 in July, because no juveniles were caught at
Station 5 in July.

at individual times.

levels were significant both in May and July (May: r=
0.57, P=0.0005; July: r=0.34, P=0.042). These results
strongly suggest that the nutritional conditions of re-
leased juvenile masu salmon depend on fish density
from spring to summer.

We express our sincere thanks to Dr. Mitsuhiro
Nagata of the Salmon and Freshwater Fisheries Resear-
ch Institute, Fisheries Research Department, Local
Independent Administrative Agency Hokkaido Research
Organization for valuable discussions during this study.
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Government.
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Changes in Abundance and Occurrence Season of Planktonic Larvae of the Brackish
Water Bivalve Corbicula japonica in Lake Abashiri During 1989-2009

ToMoHARU WATANABEY, RyouicHl TAMURA?, KATSUHISA BABA3, MAsAHIDE TADA*
TosHIFUMI KAWAJIRI?, Kall SUEZAWA®, SHuICHI MANO?!, AND HiroFumi HAYANO?
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Abstract:
of the brackish water bivalve Corbicula japonica in Lake Abashiri, Eastern Hokkaido, Japan. While the planktonic

During 1989-2009 except for 1991-1993, we counted the abundance of planktonic larvae (D-shaped veliger)

larvae were observed from early July to early October over all years, the larval abundance and the occurrence season
in 30 July

in 20 August 1996. The record showing an annual maximum abundance through the observed

changed greatly according to each year. The annual maximum abundance was ranged from 40,798 m*
2004, to only 3 m?®
years was between mid-July and early September, with most in mid-August. The results from the spawning season
were estimated to be from late June to early October, and then the peak spawning season is from mid-July to early
September. Therefore the larval abundance and the spawning season of the brackish water bivalve in Lake Abashiri
changes greatly year by year.

Keywords: ¥~ koo, RilEgh/E, D BIgh/E, FEIRH, faElH
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of sampling sites (St. 1 and St. 3) carried out in only 1997.
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Table 1 Larval abundance (n-m?) of Brackish water bivalve in Lake Abashiri during 1989-1999 except for 1991-1993.
Gray indicates each annual maximum. * St. 2 locate in center of Lake Abashiri. ** Two asterisks indicates original name

of station in reference and Annual Report of Abashiri Fisheries Experimental Station.

Sampling St 1 St 2 St 3 St 4 St 5 St 6 ST vieans M
Year date *Center **Line6 **89'90-L6, **St.4 **St. 5 SD
y/m/d of lake 96'-L4 Value Value
1989 1089/6/14 0 0 0
(H1) 1989/7/13 0 0 0
1989/7/21 612 612 612
1989/8/7 642 642 642
1989/8/21 1,217 1,217 1,217
1989/8/31 698 698 698
1989/9/11 0 0 0
1990 1090/6/21 0 0 0
(H2) 1990/7/3 0 0 0
1990/7/21 1,390 1,390 1,390
1990/8/9 0 0 0
1990/8/24 1,820 1,820 1,820
1990/9/6 1,656 1,656 1,656
1990/9/23 0 0 0
1094 1994/8/1 Gy 91 o1
(H6) 1994/8/19 5,832 5,832 5,832
1994/8/30 17,694 17,694 17,694
1995 1995/7/23 0 0 0 0.0 0
(H7) 11995/8/3 0 30 15 21.2 30
1095/8/22 0 4 2 2.8 4
1995/9/6 0 0 0 0.0 0
1995/9/16 0 0 0 0.0 0
1996 1996/7/12 0 0 0 0 0.0 0
(H8) 1996/8/8 0 0 0 0 0.0 0
1996/8/12 0 0 0 0 0.0 0
1996/8/20 8 6 6 7 1.2 8
1996/8/27 0 0 0 0 0.0 0
1997 1997/7/15 0 0 0 0 00 0
(H9) 1997/7/15 0 0 0 :
1997/7/25 8 14 57
1997/7/25 12 16 49 26 212 57
1097/8/1 418 483 424
1997/8/1 515 517 517 47 46.8 517
1997/8/13 1,237 356 65
1997/8/13 1,609 263 89 515 wiw el
1997/8/19 0 2 2
1997/8/19 6 6 2 3 24 6
1097/8/29 61 107 30
1997/8/29 38 150 57 “ 459 150
1997/8/9 139 236 77
1997/8/9 101 228 67 141 45 236
1997/9/16 143 93 49
1997/9/16 139 57 87 % 39.7 143
1997/10/3 0 0 0
1997/10/3 0 0 0 0 0.0 0
1998 1998/7/29 0 0 0 0 0 0 0.0 0
(H10) 1998/8/6 0 0 0 0 0 0 0.0 0
1098/8/13 4 4 0 2 0 3 2.0 4
1998/8/19 0 0 0 0 0 0 0.0 0
1098/8/26 0 0 0 0 0 0 0.0 0
1998/9/11 0 0 0 0 0 0 0.0 0
1999 1999/7/28 97 o1 29 26 188 79 2.1 188
(H11) 1999/8/4 4725 4731 2324 1229 4177 3927 15809 4731
1999/8/18 9452 5249 4020 6.035 3711 6240 23009 9452
1999/9/3 3832 3854 4630 1851 1690 4105 13199 4630
1999/9/9 1237 2577 5051 3880 3005 2955 14278 5051
1999/9/16 2221 2553 2373 1395 1574 2382 5095 2553
1999/10/1 6 4 8 4 10 6 27 10
= = UV I BRENEORAERN ETE LT R, BilESE

bR 7 A 3 A(2009 4F) 12, HmbiEL<IL 10 A

1989~2009 4Ed 21 Mz, MWEHIZBNTY~ 10 H (2008 F) i nz, Y~rrvIom
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Table 2 Larval abundance (n-m™) of Brackish water bivalve in Lake Abashiri during 2000-2009. Gray indicates each
annual maximum. * St. 2 locate in center of Lake Abashiri.

St.1  St2 St3 St.1 St2 St3
Year Date *Center Mean SD Max Year Date *Center Mean SD Max
y/m/d of lake y/m/d of lake
2000 2000/7/27 865 133 83 360 437.7 865 2005 2005/7/5 0 0 0 0 0.0 0
(H12) 2000/8/2 198 467 538 401 179.1 538  (H17) 2005/7/12 0 0 0 0 0.0 0
2000/8/8 17,635 7,284 9,865 11,595 5,388.3 17,635 2005/7/26 0 12 28 13 14.2 28
2000/8/17 14,988 14,865 45,691 25,181 17,762.2 45,691 2005/8/2 2,844 4336 8408 5196 2,880.2 8,408
2000/8/23 2,371 554 491 1,139 11,0675 2,371 2005/8/12 3,185 323 479 1,329 1,609.6 3,185
2000/8/30 2,425 1,283 853 1,520 8125 2,425 2005/8/29 7 9 2 6 3.6 9
2000/9/6 20,055 13,044 10,843 14,647 4,810.6 20,055 2005/9/7 0 0 0 0 0.0 0
2000/9/13 3,228 3,705 1,061 2,664 1,4089 3,705 2005/9/16 6 0 0 2 3.3 6
2000/9/20 0 0 0 0 0.0 0 2005/9/27 5 0 2 2 2.4 5
2000/9/29 0 0 4 1 2.3 4 2006 2006/7/7 5,869 2,412 804 3,028 2,587.9 5,869
2001 2001/8/1 381 392 455 409 39.8 455  (H18) 2006/7/14 21,329 17,021 16,213 18,188 2,750.5 21,329
(H13) 2001/8/7 140 119 172 144 26.5 172 2006/7/26 205 299 198 234 56.6 299
2001/8/13 5,020 4,679 3,363 4,354 875.0 5,020 2006/8/2 12,989 7,573 8,410 9,658 2,915.5 12,989
2001/8/20 2,468 2,874 2,706 2,683 2041 2,874 2006/8/18 4,140 7,849 5,751 5913 1,859.8 7,849
2001/8/28 7,237 2,326 8,662 6,015 3,324.0 8,662 2006/8/29 7 38 5 17 18.4 38
2001/9/6 101 85 - 93 115 101 2006/9/5 14 9 144 56 76.3 144
2001/9/7 - - 18 18 18 2006/9/14 0 7 0 2 4.1 7
2001/9/21 0 4 2 2 2.0 4 2006/9/29 0 0 0 0 0.0 0
2001/10/9 0 0 0 0 0.0 0 2007 2007/7/10 0 0 0 0 0.0 0
2002 2002/7/16 - 1,975 - 1,975 1,975  (H19) 2007/7/19 0 0 0 0 0.0 0
(H14) 2002/7/24 26 38 170 78 79.6 170 2007/7/30 2 7 0 3 3.6 7
2002/8/7 2,417 707 4,186 2,437 1,739.1 4,186 2007/8/6 28 47 42 39 9.8 47
2002/8/13 4 - - 4 4 2007/8/17 120 87 1,424 544 7625 1,424
2002/8/20 2,363 364 4,357 2,361 1,996.8 4,357 2007/8/30 179 21 45 82 85.2 179
2002/8/26 806 503 2,353 1,221 991.8 2,353 2007/9/10 0 0 0 0 0.0 0
2002/9/4 7,722 1,809 435 3,322 38723 7,722 2007/9/28 0 0 0 0 0.0 0
2002/9/12 2 4 2 3 1.2 4 2008 2008/7/4 0 0 0 0 0.0 0
2002/9/25 0 0 0 0 0.0 0 (H20) 2008/7/17 3,181 1,896 2,561 2,546 642.8 3,181
2002/10/4 0 0 0 0 0.0 0 2008/7/25 22 26 34 28 6.2 34
2003 2003/7/15 2,936 1,312 1,748 1,998 840.4 2,936 2008/8/6 4,859 7,227 1,744 4,610 2,749.9 7,227
(H15) 2003/7/24 1,134 596 323 684 4123 1,134 2008/8/19 511 319 220 350 148.0 511
2003/8/7 20 18 38 26 11.1 38 2008/8/27 143 558 115 272 247.8 558
2003/8/18 2,484 463 1,152 1,366 1,027.4 2,484 2008/9/8 251 402 1,419 691 635.2 1,419
2003/8/27 24 12 55 30 21.9 55 2008/9/18 61 55 18 44 23.0 61
2003/9/5 28 28 16 24 7.0 28 2008/9/30 176 32 410 206 190.8 410
2003/9/18 10 18 20 16 5.3 20 2008/10/10 38 10 0 16 19.9 38
2003/9/26 8 10 4 7 31 10 2009 2009/7/3 57 97 63 72 21.8 97
2003/10/7 0 0 0 0 0.0 0  (H21) 2009/7/13 461 358 307 375 78.3 461
2004 2004/7/7 1,085 622 601 769 273.1 1,085 2009/7/27 103 32 0 45 52.7 103
(H15) 2004/7/15 0 0 0 0 0.0 0 2009/8/7 69 34 46 50 17.4 69
2004/7/23 26 7 5 13 11.6 26 2009/8/18 14 22 12 16 5.3 22
2004/7/30 17,236 18,165 40,798 25,400 13,343.4 40,798 2009/8/27 0 2 0 1 1.2 2
2004/8/9 4,636 8,210 4,407 5,751 2,132.8 8210 2009/9/7 2 0 2 1 12 2
2004/8/18 851 278 31 387 420.9 851 2009/9/17 - 0 - 0 0
2004/9/2 0 5 0 2 2.7 5 2009/10/1 - 0 - 0 0
2004/9/30 - 0 - 0 0
ZREINIEAGE R L& 1 AT D G AITHAL, PEIN S VT2 ATREME E, 2D Z L EZRHRICE 2D &,
6 HF LUV 10 HRRICARENR J ORI E T MEMIZISNTY~ b VI OEINRZLNL DI 6
LT ENMBNTND (HH, 1984), L7icihi->T 7 A TFENS 10 A BRIz Cod EE 265,
A 3 BlicAbTziilE A (D BishA) 1L 6 H THIC ALHREN T, & <IE 1938 AFIHEER O RITArE L
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Fig. 2 Interannual changes in mean and maximum of the larval abundances (n - m?®) of brackish water bivalve in Lake

Abashiri during 1989-2009 except for 1991-1993.
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Fig. 3 Seasonal mean abundance (n - m?) in the planktonic larvae of brackish water bivalve in Lake Abashiri during
June to October from 1989 to 2009 except for 1991-1993. Black, lined, and gray marks indicate large (=10,000), mid-
dle (9,999~1,000), and small (999=) occurrence.
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N=18

Frequency

Fig. 4 Frequency distribution of period (ten-days)
showing annual maximum in the larval abundance of
brackish water bivalve in Lake Abashiri during 1989-
2009 except for 1991-1993
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