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Study on Artificial Seed Production of the Brackish Water Bivalve
Corbicula japonica in Hokkaido
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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 larvae 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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~1,400 b L@kt L iroe (B3, 2003). Lo

1 e A

L, 1993 4E7> 5 2005 4F 12 B 1T 5 38 PN e Hh i s
(b T AR FE WAL S 2E RS T,  1996~2007 a) %
BB E 1,200 b5 1,000 bR~ L TWD
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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)
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Fig. 2. Transition of the catches of Corbicula japonica in Teshio from 1965 to 2006.

Teshio Branch report 1965-2006)
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Lake Panke

Hokkaido

Fig. 3. Map showing sampling site for Corbicula ja-
Letters “A” and “B” show sampling sites at
Teshio River and Lake Panke, respectively. Letters “a”

ponica.

and “b” indicate sites for monitoring water temperature
and salinity at Teshio River and Lake Panke, respec-
tively.
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9 H 10 HIZiX 204 +0.76 L2 VKN LT, HEDHRA
IR, 6 H9H (21.2+0.53) MbimiEn 7 H 4
H (25.9%0.60) i CHBEICHEML, Z0%9 A
10 H (21.0£0.59)  THRITE N Uiz, MEOAFHE
BT 6 A9 H (104%034) hO&&EMED7TH 4 H

—— Salinity
Water temperature

Salinity (psu)
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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. 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).
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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.
shown by *(P<0.05).

(13.7%£0.40) ZHFTHEIEML, Z0% 9 H 10
H (8.6+039) T THRICEA L. HEDEFREIEE
X6 H9H (9.1 £037) oixmfEo 7 H4H (13.6
+0.50) I THEIREML, Zo% oA 10H
(83%0.36) EFTHBRITE TN Uz, MM CliiA e
BIOVERMBSEREDIZT A4 8257 A9 HIE»
TRAWL 2.
RyrBokiEZTe A LA KBERLAZIZERL 7AH
24 HiT 23.8 CTHRMAEEZRL, ZOBKTF LR (Fig
5)0 T DOBDKIEZALIZ 15.9~23.8 CORPHZ > Tz,
ik 6 H EANTIZ 1 psu LR o723, 6 Hhha)n
5RAIZPITTS ppETER LR, 0% 7 H 30
HICIXB@AED 15 psu & 720, 9 A A E T 5~15
psu ORI THER LT, MEOBMIIEEIL, 6 A 24 H
Wb mW il (19.7+0.97) Z2RL7EH, 6 H9H
(184+0.47) 59 H 10 H (16.9%0.64) T2 TE
LB SN2 oo, MDA IELEIZ 6 A 9 H
(172+1.27) »HE@EED 6 H24 H (21.8%0.65) I
MFTEIML, Z20% 9 H 10 HIZIX 1521057 ~&

Each point and vertical bar indicate the mean and SE. Values significantly different from that of June 9 th are

R LTe, MEOAFEHEERIZ6 H 9 B (6.6£0.32) »
LIREED 6 H 24 A (9.5£0.84) ITh 1 CTHEITH
L, 9410 AHIZiZ 7.6£089 ~& &N L7z, D4k
FEEIERIZ 6 A9 H (64%055) 2bEEMED 6 A
24 H (10.6%0.32) P CTHEIEML, Z0#%9
A 10 HiZiE 5.1+0.30 ~EFRICHD Lic,

2. BIRHE P OETEEOERBFENEL

6 H9 HIZRIESNIREN DY Y I oM CId Nk
T D BN S NGERE ITH > THIT L TR Y, B8R L
10 AL THRREMICH -2 (Fig. 6-1,2). £, It
TIXBILE LTz 8 Ml 5 5 2 kMK IEIT, Y 6
AT EL (Fig. 7-1,2) &HIEESh. 6 H24 H
OWETIE 10 AR TR THEREMNTH > 2oz L,
Eix 8 fEdds e 5 R TRk (Fig. 7-3) ITEL TW
7zo 7H 4 HOWE Tk (Fig. 6-3) OEAKIX 9
kR 7 8kH 0, HETIE S AT A TR TH -
Teo 7H 9 HOMETITME (Fig. 6-4) 23 10 fEfE
7D Y, HETHEHE (Fig. 7-4) 23 10 {4 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 STz, 9 A 10 HOMETIX 7 i 4 TH K Blich o7, 6 H 24 HTIEHE 7 A& H 6 18423 5%
H#& T (Fig. 6-5,6) THY, HEIZBWTH 12 HFE PHITH Y, TS MEEE TR TH-T, 9 A
oo AR B T (Fig. 7-5,6) 12dh -7 (Table 10 HOWMETIX 8 B2 THMBETHITHY, i
Do NU7HETIE, 6 H9 HITESAEL e MEkEATHK 12 ik 5 A B T, S 51T 4 2Kk
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W<cdho7 (Tabel 1),

3. ALEMSZRAEDRE

BEONEOE, kil 20 ‘CHEiZr 0, 2, SBXT10 psud
HCTZENZFI 540, 470, 241 B X OV 22 ki, 25 CHism
0, 2, SBLT*10 psu DHETIZENZE I 237, 6,587,
7432 B X0k, 30°CH4r0, 2, 5BELTI10 psu
ORETIXENRZFN 0, 1,225, 2,079 BL U394 K TH -
7z (Fig. 8)e TD X 5T 5 psu THIKINE < D
PUMRAH B, 7KIE 25 CHZ 5 psu DEMFTHRD %<
DEETIRHR BT,

4 EHIIMS ZEMES L UEEHRBE T TOERM
& AR OBER
7THTHTIZ 7432 RiOFEMNRA LN S DD, 24
R O ESDAERB L N 10 A OB EHHZRET
5 LIETER,oT. TH 9 HOREINEIX 110,274

BE, 24 REfH8 O FrlEsh A 50 % 99,082 Ak, 10 HE D

T EHE H X 44,726 A 572, 7 H 16 A TIXELN

008 30,500 ki, 24 KRR OWFESI LRI 13,179 Mk,
10 H o0& EH G 38 ik TH v, BRI
MHRBRRELWH Lz, THI0HBLUSHSH
COWTIEEINRA LN o T (Fig. 9). 2O X
5127 H 9 HOBEMNBIRSE <, HEMHE THEE
L7ZDiZ7HIOHETHI6 HOARE ST, THIH
BLO 16 HOENP LB EE TOEBRKITIZNEN

40.6% & 0.1%THV, 7H 9 HIZATLEMNZTT -T2
BT R S Do 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%)
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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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KENTIX, MO X AN L b
26 A iz 7 A Bz ircmL, 0% 9
A B T Uiz, BB oML, WiEko
WinL 7z 6 A B s FANA I CkED 2R L, W
FREDABITIRA UTe 7 H ARG 2 & Ji i
IZBATL, 9 A3l T o7, 7 A EA Ok
Ml de K OV BAR B 0 5 A T DIk 3 IN S X
ROtz b0 fiflland, £, 7
BCIE, MEREDOTRMER R & OVER RIS OHERR IR
JNE MRk ZR Lz, LaL, fkiicize A
NI O B TR INT e~ ENIZE LT B kA3
%<, 9 HiIZidRiEoEE S Bl S e, T ORGHR
%, U7 B TORGEGET AR D Z T R
ZEERLTWS, “HHIZRBITZAFHEOFEITIX
AKiEOM, HIEIER L, 1976) 72 23841z B g
5T ERHMBNTNWDS, SRIFHAE L 72 K IR 5%
KRV AT 15 km OFEREICH 0 IZIEHEREL TH
Y, HEEEIZOWTIEEN RN EZ b5, Wil
WOKBEHERTCEZA, Y~ U Y I ORBIHT
H Y IR ETT S 6 A0 D 7 HlZo T, Ry
FBEOKBIZREN LD S 3~5 CRERIHEB LT
W o T, ZOKBDZEN B E RO
BHETOEFITHEL Tnd Elbh s, D EofiE
o, REFJIKRITERTE Y~ bV I op#ico
WTIiE, 6 H BRI S 7 H RANTH T CTINE RS EETT,
6 H NS 7 H EANITH T CREEBNSBRME T 2 & HE
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w3,

A (1941) 13 AbHmEE R ITALE 3 2 R IE D
Y= YU eMEE UCERBOMBBIZR 21TV,
RG22 7 AhA) s 9 A BRIk S E LTS, M
(1981) I EEERIC B3 2 M0 P DA iz DT
B, METIIRRRBL & R 6 A, s
7~9 A, HETIERAMR 6~7 A, Hln 7~9 A
EHEL TS, Ez, 5 (2005a) 1FAbiEE
T ALE S 2 AR Tl BRI L e~ b v
U X OWAMIRFEEL & THH O FREAVE H> B BEIII & BEBNSE
PHZOWTHHAL, HEHHEROMKTIZ 7 A F~8
HhajicAa b, EIMAERRZSNIDX, 7H A
~9H A THoTcHEL TS, T k5 iZdiif
HEHREETIX 7 A2 9 TR 2 7 HIZE Y k3
LEIL TS Z & &, duifEdvhs hio Ak To
AR X PR ZR I B X O LR T 1 ~2 g &
EBLIREY, RORICKb o TWD Z L0\RD. &
[t HEE AL AT 2 RN KR TR BN RERT
1, BREY O BRI T EEERII S K O & —8cd
2H DO, M TRHHNIEZMR L OHEM X v Fune
Exbhb,

Baba (2005) 1ZMdEMEY~ NI EZHW, FE
DT IE AR T B /kiE 22.5 °C, Hi53 2.3 psu LL_EASAEE
LG LTnd, 5 (2005b) 1XAFHITREL
o< bV 2 EHS 0~21 psu THI 1 # ARAEL,
ZOHARIHIZ 2~12 psu OEEE N TOREI Z AL,
T 72 BE BN BR BRI 49 2~6 psu LRIEL TV D, F
Te, AEH S (2006) 1 ARSNGB R G IC 2R
B < hT Y ICONWTERIES (538 2.0 psu BLF)
SR ITIIT D EEINERIE SR A L, KIS 29 °C
THIUIHES 1.0 psu THEINLIERICBET LI L
ERERLTWD, —J5, ek (1995) 1Rk CRRIH
EY < Y 2 MWIEER 600~9,400 ppm (4>
i 1.0~13.2 psuw) DA R TR S Ko+ H Okl
FICHEBESED) 1K DENEMGAL, THEING
OB REMERL TWVWD, @IF - A
(1997) IXBHUREMMEY < S U I 2H», EH
Hl e U THFERB L Z 5000 ppm (M5 H 8.5 psu)
DHEAITH H % — By e Tmed™ Z & TR A E N
TEETHDZEEZREL TS, TDX I ITAFEDRE
INEFERT DML LT, HMIBLZ 1~13 psud
MEIZH Y, 2~6 psufEAAWEL TRY, KETIE
225 CULEDSKETH D, DM, FEIIESOLME
RBEME LTI T H® 5 WIEHKITE U iR Leg

1 e A

BHIFoND, AWPZETIE, Kil25°C, 55 psu
DOEMTRG L K DEINNRALNTL, ZThHDZ &k
5, RIENFEY< F Y 20T H DGR & W
BROKIER LT X 0 BEINAR B ATRETH D
ZEBHL P ERS T,

BEH I SEREGIER OB EH R £ ToAmkM L
PESNREH DBIR Z T~ T i bR TIX, 7 H 9 HIT AT RE
PIU7eREIZI W THE | Ak D T2 © DREESNEB R D Z <,
F72 10 HRIZBIT 55 EHH E TOEBRENKD &
Mofe, oM 2 i CIXEEHER ECEBT 50
BIFEDHSNT, e 1 EM%BTIZTH 9 BTk T
1/100 LR OEBERIZATL, 2B TIEa<
BERIMRHZ BN oTe, B - B IL (1991) 1Z6HET
U OFEHIIOIEE & S EDEERE L OBIRZT,
T TR L TR H D B B H ST /NRLER o0 A
I, KRBIIDO P S EERRDOE NI L
FHMBEENRIE, EEEOEVBITEEIZA -
AP BEENTIRNBMET D Z L 2HEL TVD,
ZFORD, KZETD 7 H 9 HELHTS B Wi ITEE
HE SN2 NTiZ R D U < 1ZER177 & kB g iz [
BHoTaREMNE 2 b, ZoZ &ix, RKE)IE
Y= by Y I BT AR AR 20T 5 T2
WITIEAHE OB RO CTHEHETH D Z L &R L
TEY, SRIOERCIIRE) I AEIZAERT 5 v~
N ¥ X O NTREEA B II3A O TR & L2 IR ¢
HoTehs, B 8 AR A TR R 2R R
ZRDPEFIARPTH Y, EEFEITOR Y EREAERT
W4 2 B ER8H D, NI OERREPRE D @ o
ToRHNE, BARERE X ORI B ATl L,
HOEFEFITINANZ S 72 B D E— 7 & B < —E
LCWe, ZTOZ L, FbAEREE 2 57
12, 6~7 T Tz 3 H OsREEER X OV Rl B8
DOBEALP D E =7 /1O Z ENEETH D
TR LTEY, NN OEINSYEDE R
B2 TIETERIZOWT D & & ITHEAT 5 A3
5,

NI

FME BRINEVYILSDIORB
RELEVICHRE~DHEE ATIER
FEHMEDEREDER

HBEIZBWTKIRSM TRARFEIHAN R E S Z LT

v, BEFoE/KERRET COMECIG - hRIFRK
ECTOFEHMOELMEZR L, HERBERISMENMIZ/R D
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ZEBMBENTRY (B, 1994), =YV 7 U ORI
AEPE TIIKIR S TRV AT S & 5 TEBRFE S 1L
TnWa (AR, 2005, 7THIA TiEEAKIRIZED
WEADEE, REEA~ORERRNTH Y (Y, 2005),
THRURITIRIT B ERE R OFEEITIIKIR M, H IR
(L, 1976) 72 EREHEICBET D, LArL, Thb
OFEMBY < b oY I ORBICGHAT 20T <HL
T 785 TR,
RETIIAR)INREIBICERT SV~ by U I 24
BHT R AE 12 X 5 FUHERDN 2 H RIS, ZERRR AR £,
KT OEE)RER XL ON LTINS ZREE LT, Kide
SEFHADFRENIT K 2 B RN R D W REME AW L Tz,
Tz, REEA~ORBEEOA 4 & N TR RESE D5
DOBURIZHOWTHIARTz, B (2005 a) 1TAFHIINEE S
Y F 7 ATF~9 A B EIMERS RSN E Z L
PHELTRY, dbmESr K EMLIS 2T o T RE DR
MO TR TIX 1987 4E Tl 8 A NM~9 A A1,
1988 “ETiE 8 A EAI~dfi e EnTnd, 22
T, ABE-OQTIXAFINFES Y I OFETIRHN BRI S
N3 7 IR HZRIRL, KT X2 RS R 84
Meit Lic, AFR-QTIXERERF AT IC R, R
HThsd 6 HITRHEZRIRL, KiER I OYERLOH
Iz & B AR S IT DWW TR L Tz,

M- EIEFEAIZHITBKEREIZLD
REBRESN R DRES

MR EAHE

2002 4 7 A 28 HIZHIFIIM AAHED v ¥ 2 s
UK 1~1.5 m) DOEEEHWTY Y IA
SEAE AL 20, PR 27.511.08 mm (BEHEE3E))
PEEL (Fig. 10), B2k (12, 20, 25, 30°C)
T2uy MZATCTEE LK., FEIZIZ0 60T 2
U KIEZ AV, FAKEIZ 120 [AEEZRE LT L —
arvELRBLIEKATIH 2 HETEM Lk, fE
HKIFAEFNAKRTY U IMGBIZHEREL TR < MY
PIDEREERL TCWBEENIOKER, H
2~3 BIREOR 2/3 R L Te, KiEDOHEIZHEH
10 REITATVY, FRETEEITIAAZR D 100 V EXE — % —
=Mz (Table 2).

fEMRRIc7 H31H, 8 H5H, 8 HI9HB X
RO H2H®D 4R, 1 vy MTDOWTE 20 fikizo
W CHRIRERFEELES K OVEFRE RO T ~Te. 2 DB,
B E 3 ICE R A2 A Uik 8 (R B & X
100/ &) & ARFHEIRE (EHEER X100/ 28
&) ZRH U, MR OMITR TRl £ i

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
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
TmlTe., £, MfsROHRITONTIE, 7H 31
HOMIZxd 2 Ml D2 OMGE D ikt LTz, £D
B, LT 2 HECE S BOERD DN B AT s
HHT 2T, 33 BRI I Kruskal-Wallis £
EERIM, HEEOREIE 5% AT -7z, g :
WEBiIT8 HSH, S HIOHBLTIH2H % I
D3RRI, ZOW, BAEREZYY HLBAH Sl e
TR Z EXy hTHARRY, AFA KV FALDS y _:_250 L
psu VAR L SRS T CHEB)S 2 R R B LT, e
BHIZE Y 2<BhrnEiz—, EHLTWIHT 2 Early Middle Late Ity
DEITIEL, 0%%—, 10%LL T4+, 10~30%%+, August September
30~60%%++, 60%EL Ex+++& LTz,
£z, FHEPSL 8 HED 8 A S HIT, il 1o Fig. 11. Changes in soft tissue of female C. japonica
1 WAL LR L St vt e ko
i;g;i°41iaii ii%/icigjsu72§;}; ié?ﬁgz;ﬁ iﬁr;;ﬁi?ti}zpigfggm from that of July 31 st are de-
L, EINBEWHRL . SHEORENEIL, iR
K500 m 5B 1 ml M7V ITEENDINEE, Gt
Bl 2 T RSB Ic L v 3 mIEHL, Z0 )
SEEEE R 500 TR Z itk vk, NIEEO® 2%
AT X0 MElEZIXAIL (L, 1981), M 1 kST . Male
DRI REIIE HEIAIRR) % i LT, Hii e
FE S psu VA OVERRITIE, WA ILHRERET IS 5 Em ;
ALHEE ST ABER LR OTAE IV, WA ALmE AT = ‘
B 1 8 % AL bk A AR B T U & e Ao = ewmnssos
DRRWK 2 T, % 16 A 20°C \ H
14 b -®m-25C
—e—30°C e
4 g 1 Early Middle Late Early
August September
MO RMERIEENE 7 A 31 B (223+0.85) 7225 20 ;
CRT8ASH (178£1.00) AT THRITETL, Fig. 12. Changes in soft tissue of male C. japonica in
ZOMITZEAL A SN2 h o T (Fig. 11). MDA different water temperatures. Each point and vertical
HWEBIZ 7 H 31 H (19.5£1.20) 22520 CK T8 H bar indicate the mean and SE, respectively. Values
5H (43111 2P THRIKEML, 9A2H significantly different from that of July 31 st are de-
(162%048) AT THEIIE T L (Fig. 12), noted by *(P<0.05).
— 14—
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OEFERIEH X7 A31 H (114%0.72) 25 25°C
XT8H19H (124%+1.46) 1ZH»IFT, 30°CRTIXS8
HAsH (13.6%1.16) i THEICHEML 2 (Fig.
13). HEDEREHEIEETIZ7 A 31 H (7.38£0.69) 7
512 CXT8H 19 H (9.93£0.58) {2} T, 20°C
KT8 As5H (11.8£0.83) I THREITEML
7= (Fig. 14),

EEBRETIZS H 5 HD 12 CR T 9 itk 5
B 5 fEER+, 2 iER++THVF S HIA+LL ET
HoTe. 20 CRTIX 12 fAtkED 5 H 8 AR+, 4 1A
WR++Thy, 2THR+UETH o, 25 CRTIX
10 M4 6 i3+, 2 AE2R++TH Y, 8EMN+
U ETHoTe, 30 CIXTIZ 8 Ak 5 kS +TH

19
Female

-
S

*

L]

,§§>

Gona(il Index
=

10
9 -
A
8 L
7 .
Early Middle Late Early
August September

Fig. 13. Changes in gonad 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).

v, HiX1fEEORTHoT, 8 H 19 HD 12 CXT
13 kT 7 AR+ THY, BRIV +H+RE
NEN 2RI 1K THY, HSER+LUETH-
Tz 20 CTIE 16 R 6 HlER+TH Y, 3 AR
++THY, F6EN+LLETHHoT, 25 CKTIXT
b 2 fER+THY, +EL IR 3IHTH o7,
30 ‘CIXTiX 7 ik 1 A O BB+ TH T, 9 A 2
Ho 10 CIXTidk 21 & 7 R &B3+, 2 k3 ++
THY, +LEFHK4EITHoT, 20 CR T 16 1/
o5 H 1 AEBR+THY, +EL R 1HIEIFTHo
Too 25 CRCIZ 9 Atk 1 kRS +Th Y, +LLEiX
FI1EITH o, 30 CRTIE 2 kD 5 b1 E)
DOHHNDEMIEIR > Tz (Table 3), TDX 51T

(%)
13
Male —o—19%
12 . --A-20°C [
--B-25°C
11

Gonad Index
©

8
7
.
6 A
T
5
Early Middle Late Early
August September

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 - + +
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 1 2 9 3 5 1
30°C 8 2 5 1 7 1 5 1 2 2
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A S H»H 9 A 2 HIZ»TF TR OER)RE & o ik
DOHBIFET Lz, #2255 BX V30 Ck v iEED
12 B L V20 CTEBEED i MAM O L 3w M di )
L7 (Fig. 15),

NILFEINZ X 2 RE0NE0E, 12 CCIXEINEIA S
9, 20 CRTIiX 1 KT 14,869 KO B TH -
Teo 25 ‘CIX Tl 5,560 B X TN 17,663 LD 7 H 53 4
5, 30 CIXTIE 30,593 KL X T 2,119 KL o e H B
BThote, FEHETITEHROA SN 20 CX, 25
‘CIX 3 LU 30 COFEHINEIZ Z LI, 7,434 KL,
11,611 R LTV 16,356 hi TH o7z (Table 4),

2
=]

erm motility

+++

OO0BNEm

AT

=

7
A

Rate

o D

20 25
Temperature (°C)

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

Table 4.

1 e A

M- RIS B RMEENRD
B

MR EAHE

1. KRIZ &k % KBRS BR

2003 46 H 4 HB X7 A 16 HITHFFIIR AL
DY I OKEER 1~15 m) S ZEHNWT
FRAE U722 DKIRSMCRIB 21T o To. i B OFRUE
MBI N - R £ REHERE IR 2 N E L 160 (AR,
SR 28.120.69 mm 3 X O 130 Ik, SEEEE 3
50%0.92 mm THol, FEIZIZ60 DT 7Y NK
HiZHw, =7Lr—> 3>, HEK2 HofHEk
(BEIHIRANIK) Z2# Lz (Fig. 10). 6 A 4 HIZ
R UERE ZBAE LT BT O WT, 1825 CTHE
LB BRIX 1-1, 1 7 AT TirA Tk % 25 °C
W EASE T2 RX 2-1 &L, BRIk o k
AEREL T2 # AT THR AT %Z 25 Cic L5
SR A HBRIX 3-1 & L7z (Table 5). 7 A 16 HIT
B UARE 2B LBV TIE, EHE25Clc |k
SERTHEZRRIX 122, 15ABAT TR A2 25 Cic
EREEEHEZHRX 22 ¢ L, 2@ T T25°C
I BRI BRI 3-2 & Uiz (Table 5). 7kik
DFEEIL 100 V OB ITIAAREBR L — X —Z AN T
BEHIT- T2,

fAEHMPice H4H, 7TH1H, 7TH14H, 7H
23 HB XU 7 H 30 Ho 5 [nl, #RAHIEEE X C4 5K
PRIEE 2T, MBRX 1-1i22oWTiZ7H 14 HE T
fiote. MIEEIIBREFICERZFMIL, WEHE
B (RAEIRER X 100/ 2FHE) &AEMBREE (40
BERX100/2EmE) 2HH L. WEHO MR
T + FHERE TR U, £, WiEHOHERIC
DONTIE, 6 H 4 HOMIZH 2 i 02 D ME H
LA LTe, Z DR, s 2 BHICE Bk sED &

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
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NG T I 2T, B b ngEE
Kruskal-Wallis B & VY, A EZEOBREIT 5% Kk
TEfroTz,

ANTLEINEIZONWT, HBRIX 1-11X7 A 14 HIZHN
BO—Z2G Y L TV RT — MR, FERBAMEE
THIRGEBE LI 25, TN TINENER LK
BHicH BB LS, 2005a) BHRSNERD, TH
19 HIZ NTEEB &4 o7z (Table 5). Z D fhdiRER
X 1-2, 2-1, 2-2, 3-1, 322122\ Tix 7 H 30 HiZ -
Too MELHARERX 20 A& ZHES> 5 psu OHEKIZA
NT—WREEN T 4 CTIRAFE L%, /Kl 25 Ciff
75 psullB L, FEINEBAMER L. ¥ S psuiRiK
DOVERUTAET U 7237k 8 & QN iz oW Cikaid & [H]
e Uz, BREOREINEIL, Bk 500 me D55
1 m@ M7 ITEENDIEE, L WFEE
WiMEEBIEIc L 0 3 MEHL, 2D EnEE 500 £
FTHZEITLYRD, NIEZEDAIT XV HEEZX
AL (L, 1981), M1 EAD 2 OREINE GRzESH
B MEEARE) B & O 24 RER ol Ak (il
SRR W ARRD) ALl L T,

2. FEHAAEIC & DR BVRERER

2003 45 6 H 4 HICHTd O & BV ik HZHRE L B
AR N CRE 2T . WEIZIZ60 60T
7 U NKEEEZHY, =T L —Y 3 B I OEEKRDRL
BUTHTR & MR E UTe, eSO FR 3 b 7K o

WAL O S R SR GREBMHRASHE © PROG
RAM TIMER) Tfio7z. AFFIITOY< R TID
BESIRFHIIIAL & (2005 ) 33 & QLB Lk EMRAL IS
(1989, 1990) lck B ZznZn 7 A FaI~9 A LA
BIOSA I~ ENTRY, AR)IEY< b
U OO A 8 Aha) ERE L T, BRM4E
# CERR 1S FEM) 12Xy, M4EOEZE (6 H20 H)
O HERNE 15 BEf 21 3 TH Y, FE L2 pEonig
#1 8 Adrh)) 13X 13 B 50 0 Th o T, BIEBRIENE
25 1 H R 13 FER 50 20 CRIEEEL L 2 X 24
H GRBrIX 4) & L7, BEZGDI 6 H LA GRE
PN 8 APHIICESZRB L Z 8O HD S B, 10
D 40 0 TERINHIEL o 0 ERER (13 [T 50 23) 12
#ET D X0 1ML IXZRERIX S & LT (Fig. 16,

15:30

.417?\.\~

15:00

o 14:30
B

14:00

13:30

13:00

Jun. Jul. Aug.

Fig. 16. Photoperiod setting experiment.

Table 5. Experimental scheme to examine temperature and photoperiod induction of spawning in C. japonica
T . .. . . Artificial
est Method Breeding Condition Breeding period .rtl o
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.
Raised a breeding water temperature
2-1 . 4. . . Jul. 1. Aug.
temperrature to 95 °C in one months Jun 30. Ju ug
Raised a breedi ter t t
2-2 temperrature aised a bree :ng water temperatir® 16 Jul.  30. Jul. 1. Aug.
to 25 °C in one week
Raised a breeding water temperature
-1 . 4. . . Jul. 1. Aug.
3 temperrature t0 95 °C in two month Jun 30. Ju ug
Raised a breedi ter t t
3-2 temperrature aisec a bree omg water temperatire e Jul.  30. Jul. 1. Aug.
to 25 °C in two week
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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Table 5). FRERIX 5 O HEOFEIL 10 HEITfT- 72,
KRB OFHEIT 100 V oRIFIALZREBER L —%—%H
WT 20 CIZEEE Lo, A BRIX ORAENIH 70 187
Ll
fEMMTice H4H, 7TH1H, 7TH14H, 7H
23ABLCRTH30 B 5N, £RBRX 15 k>
W THRARERFEELE K OVERR IR R & i Tee SRIRERTE
¥, EFEIEEORE L OFEEEO2E ORI RTTR
DEBYVTHD, i, NLFEIZE 7 H 30 HICHR
DI TR, NTEEINC X 2 EEINER X Ovleg 2k
DA & DBRZRET LT,

3. RE~NDIEEOBFELRINEE L VFEHEHD
EeE

2003 427 H 16 HIZHFEIRMAAHED S ¥ il T
W EHOERE LR E» S 60 Mk ZiRERIZH L 72
(Fig. 10). AEHIZ 60 ¢ 77 U VKM CHEL,
Chaetoceros calcitrans (&0 @ MIGERR) 2L L
THAEEIX & A AEIX & 30 ik L, 47 A 30H
FTMELE. MERIZIHEDRZY 50 me (BES
fEfifia/me) &Lk, 7TH16H, 7TH23 HBELO 7
H 30 HITHTIR D J7 ¥ THAREREE IS L ORI AR £
RN U7z, F7z, 7 H 30 BICTBEROFEIZREW A
TRESNZITV, BEINECR L ONFES A 5% A L 7z,
B AKIELIE 100 V ORITIAAREBER L —&4 —Z2 [
T 20 CIZHE LTz,

5

1. JKBIZ & 2 R RRHEHER

WEDRRAEEIEEIX 6 A 4 H (19.8£1.01) 25 idbk
X2-1 C7H14H (158%097) BXWU7H23H
(15.0+1.23) AT THRIIKTFL, #BRX 1-1 TiX
7H 140 (15.0%1.37) 227 TE T LFig 17).
D ERAEIEEIL 6 H 4 H (18.3%£0.90) 7> 5 ikBRIX.
2-1 T7H 1 H (146£1.60) 1T THREIZIETNL,
ABRIX 3-1 TIX7H 14 H (15.0£0.94) 2P THRE
IR RL, BBRIX 1-1 TI1X7 H 14 B (13.7£0.80) T
MFTHBIIE R LR (Fig. 18).

WD EFEHIEETIZ 6 A 4 H (82%0.63) »»H7H
30 AT TEUBRIX 2-1 TIX 6.8£0.70, FABRIX 3-1
TIX 6.3+10.80 IR L, #BRIX 1-1 TI&7H 14 HIC
I T 6.6%0.90 1T L7e2s, AEEITRD LN
Motz (Fig. 19). HEDOEFEEIFHTIZ6 H4H (7.1

e

1 e A

+0.53) HMERIX 1-1 T7H 14 H (47+033)
AR L icB iz A b e b o 7z (Fig. 20).
Z O &5 ITHAMAEFEEERS X OVERERIER . b icnih
ORRX TH 6 HITERI L ZRECORMIA SR>
7o

30

—0— Test.1-1
—o— Test.2-1

28 —

26 —

- -a - Test.3-1
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Soft tissue Index

16

14 F

12

June ‘ July ‘

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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SNl_-e-7T
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12

Soft tissue Index

‘ June July ‘

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 || —o— Test1-1
—o— Test.2-1
13 || --a- Test.31
]
5]
=
S 11
=
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§ 9
O o
1

5
June ‘ July ‘

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).

16

—0O— Test.1-1
—o— Test.2-1

14

- -k - Test.3-1

12 F

10 |

Gonad Index

June

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. FEHIC & BB ERER

DR ERIEEIX 6 H 4 H (19.8£1.01) 2> 5 ilbk
X 4 BLORBRX 5T7H23 A (159£0.86) &)
THRITE T LicfiicE iz A b N h oo (Fig
21), HED#RMAEHIEEIZ 6 A 4 H (18.3%0.90) »5Hik
BRIX 4 BLOEBRIX 5 T7 H 23 HizZzhEh 143+
045 BEX W 1512057 ITARIE TN L (Fig. 22).

MEDEFEHRIEHTIZ 6 4 0 (82%0.63) 2 5Hikkk
X 4 BIOEBRX 5 T7H 23 BT TENREN 6.6

+0.66 BLU6.62023 ITMT L7, AEEIZRD
Lotz (Fig 23). MEDAEFHEIEE TIZ 6 A 4
H (7.1+0.53) »HRBRX 4 T7H 1 H (5.8%0.46)

BELO7H23H (5.5£0.50) 2 THEICHE DL,
BRI 5 TIX 7 A 23 A (5.4%+0.54) I THREIC
WA LTz (Fig. 24). 20X 5 ITHRFRHFREEE L 0%
FEHRFRE L D ICWTNOFHERIXTD 6 HITEILL it

TOWIMEARSNIR2D > T,
30
28 [ —®— Test.4
26 |+
] —O— Test.5
13)
3 24
=t
L=
o 22
z 1
@ 20 o, T .
+ 1
-
goer —‘--~%§§\\@\kj/ﬁ
16 T 74
%
14
12 :
June ‘ July ‘

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).

30
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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 4th 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. AIERIC K DM E & CIFEHERDLLE

6 H4 BB ZRBLIEHD S b, RBRX 1-1
TT7HI19 HIZATLENE T2 & 2 A, 1,620 Ko
PIRALNTES DD, 24 Ref# OFESFITF AT
Ehole, 6 H4 B bLEELZBKBL, 8 A1 RHIC
NLBESNZFT o T iR BRI 2-1 D REINEX 4,833 ki, 24
IR R8I B8 D sl sh A 800 1,396 A 7Z » 7o, [l U < 3lBR
X 3-1 TIXEEINZ A BN o Tz, lBRXK 4 BL U5
TIHZENFI 2,174 ki, 2,000 B OFETIAS I ST,

1

1 e A

e

24 Wi 4 oD BTN TND 0 THo e (Fig.
25),

7H 16 HxbEZFKBL, 8 A 1 HITANTLEINZ
fFolBtD 5 b, RERIX 1-2 TIXEINRAR SN2 -
Teb oD, HERIX 2-2 B XU 3-2 TIEZENFIL 53,300
K38 KU1 202,538 Kr DRETIRS A B, 24 Witk DOFlE
PIEBITENZN 18,300 B X W 157,692 ik TH - 7=
(Fig. 25). 2D & 51z, 7TH 16 HiTR&EL, 2:HM
BIT NTREDN U T2 1 C o NS & ONgsliesh A 5n3 %
<, BRIZREKREREPHIC LA SERHTEL L DR
WD ERERE LT,

:
250310

[JSpawned eggs

200 | [ Free-swimming larvae

150 |

100 |

1.6 0 48 14 0 0 22 0 20 ¢ 00
T e N 1 ! L L L t

-1 2.1 31 4 5

Number / female individual

1-2 2-2

32 Test Number

Heating Photoperiod Heating Method

4. Jun. 16. Jul. Start breeding

Fig. 25. Mean numbers of spawned eggs and free-
swimming larvae 24 hours after spawning in C. japon-
in different water temperature or photoperiod
conditions.

ica,

4. BME~NOHREOFELBINHE & T ENESR
MEDOTRAHIEENX 7 A 16 H (30.8%£1.13) 2 HiREH
XTiZ7H23H (40+120), 7430 H (04=*
0.84) NI THBIZENL, X TH 7 H 23
H (23.0x1.17), 7H30 B (20.8%1.56) I, TH
BRI RN Lz, MEOAFREERTIZ7 H 16 B (142
+0.70) 2 HAGEEXTIL 7 A 23 BTk <, 7H
30 H (10.3%£0.69) IZARITHA LT, EHRAFX Tl
7H23H (109+0.67) BLV7H30H (9.5£1.19)
T THRIZIE R Lz (Fig. 26),
HEDOHRMAEIEENX 7 H 14 H (26.6+2.8) 2> HiGEE
R<Tix7H23H (21.1£089) BLUV7H30H
(20.0£1.17) TP THRITIE R Lz, EHRAFX TIX
7A23H (21.1%£0.53) BLTC7AH30H (17.5£0.91)
T THRITE R Uie, O A RIFEIIHEX T
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X7 H14H (10.5£0.99) 2257 H30 H (8.8%+0.67)
FCEAER 2L, MBEFXTIZ7 A30 8 (7.11£0.81)
WKHBIE T L (Fig. 27).
ANTLFENZEIToTe L T A, MK OREINEIX 58,580
KTHV, 24 KM%k OITFRGESHALIE 14,516 fitETH -
Too MEAGIX OFEIIENT 1,100 i TH Y, 24 Bt O
WSh A B0% 1,000 ik TH -2 (Fig. 28) TD XD
WK Z T TCHECE K DN AL, £ < OFlE
SAEBERER L T,

30 F

20 F

Index

15

10 f

Middle Late

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.

=

TR)INMCERTE Y~ by Y I o< 5
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F2 ZKETHI 1 AREWE S LR E, A
BB L O HEEfe %, EfE 8 HEo AT
BB & B AKIRIC K 2 AR Rt Le, %
OFEH, RIAERFEEUIZ 20 CTHRE LM THE 18
R g L, HECIHE ERgIdEme, 124
BT T 2R AR SN, EREREIEE TIIHET
25 CR XU 30 CTENEN 3 HEEHI L1 HERE%
NS 2B A B, T 12°CRETC2CT
R 3 %R X OV 1 E I N B a8
b, Zd X 5 IzETIX 25 CR LU 30 CoOmEkiE
B THRAEIRIEE TIIEAL B AN > Te s, 4
FEEAREO NG B EM AR SN Z LD, AFHE
THHERPEATHD b D EEX NS, AEFENPD
8 HBIT NTREIN 21T o Te T, FEHINE O
ETKIBDENXTE K DERADNT, TDT L
H5, PESNEAIEICERE U 7z #E Tk 25~30 “Clz &
THZEITEY, BREOMEME SN TR A A3 AT RE
THDHZEDMINT, —F, HETIEZ12CBLU20
‘COMEIKIE THEFEFFB I T BB B, K
FOEBRETIX 8 A Fundht), 5129 A A
P TR s 2R RS D 7e { Zr o Te, HETIX
20 CEL N CHIBEE I L 72 CF TG 2 R o ik o
FEHEREER 2R L, SRR X O AL
LREBEOMAZR LTz, DT LIZFEEEHT S KR
BETED LERZL LT EX N, AT
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FESNZAT 5 BRI IR o o SN BORS R A2 [FFH L T %
TEBRURTHDZEEZEDED L, SHORE
B BEIEZRKIRIZ 20 C~25 CLE X BN S,

Y= b Y I OEREURHYZ I & s i B,
AR TORBIITH S 6 A BH)H B g 2 kiE B
BLOREYIBRE T2 » AMGEEEIL, AR
DHERE > B R T2 A L T, 2 ORGFI/KIRBR
Biadiik Uk, SERG S ERE 25 CTHRE LR,
fFERG2 S 2 7 AR TR A 1Tk % 25 Clizc ER-&
BB, FERBNS 1 7 HTHAICKEZ 25 Clc
FREERE, M DT, EASHTERS X OV
BB L I, A ER RITA DN -
Teo ETz, BERMZFEL, RAWORY LHES
NAFEHBRETHE LB L UOCBHRHENSEHA~
OBATIIR 2210 0 A EiE LB o Ty, i
Tt & H ITIRAARIE SR & OVEREBLFR 5L & b It hnEd,
BRI T A B o To. IRITANLFEINEFT0,
FEINEL & 24 el OIF D BB HOWTHTHAEL It &
Z A, PEONHIBHMREO 7 A LY 1AEW T A
ANZERILL, 1~2 R CTHR A 1Tk % 25 Cic |k
FSE TR TRV L OB AL o T, T
DT EMD, FEINHNTGE ORI H 2 5L kiR 7
#4252 Licky, RIKOFEINY X v BN EET
D REMEAR STz,

DXz 6 A EAIZTERILL 2 » HRMEE LCRET
kIR X OIS I X o TRREBVRESD B3 24 5
N9, NTREINECR L ONFES AR08 T 7k o
Feolzxt L, 7 AU KIEFRE LTS <
OREHINE X ORES ER G D, ARBRTORH
OFEEHTIE, FEKEERRECHDW)IIKEH
WTND SO0, IRIEEHIICELWHERETH -
iEzbN5, kiIT7T AhAIcERL, C
calcitrans % 2 W5 2 THE L B ERET OREIZ
HEERCTHEFERIEB O 03072 <, NTEINC X 55
PEds X RSV ED RS L oTc, TDOT LM
5, NLEEAEEICBWTIZRHOFEE S I
THZENBLETHDZ EWRB Ik, EL, 4
5] DA B TIRIR AR £ X ORI B BT A3
Ronieholcdint, SHBEERGIRR X UHE
fili72 & OB OREIZOWTRETT 20813 H 5, £,
fREKIRTE LA GHEDZ LITX Y, KRR HE
W AERERAN 2 ML T 2 72T, & b ITEEMe a2
W TH D,

HHCTH L S NTREEGEENM TbhTns 7o e

1 e A

BCHEENICEE R 4O L, bRk TUE
REHR 3T (ZuT U, <ZHTUE, AHAT
T E) ITHARTEENSIND 00, FEEEERROMH
PRGBS 2%+ 5 Z & TREDBEEET S
TV (AR, 2005, B (1994) iZEkniZ=y7
T ¥ D% ORENEEMBTIX, KESRILE 254
KRG % 20 CITINE L TRAZEKRT5Z &
TRIREEIIH X 0 B r A R WERITEINFREL, HFE
OFKEZHERFRETICHHFIAL Tnd, SE kR
PHY< R Y ITONTH RBRICE WA TREH %2
HEF 2 Z iz kv s o RER T U CiEaki
AT X B REMES R E N, 2L, RGNS
T VKIR CREEL L 72 3554 TRk AR K OVEHE R
OWIMEIA BN o To, FEINH X D BITR ORI T
B B BRAIH B AR ERK ST, =Y TUE L
FRRICHER 2 B RO RKERE THET 2 Z LR TE,
KMOHEHZBERT D ENAREL RBZ D, &
BIHRDIBRHAPBETH D,

R (2005) 1XEM & L COEBMEOR T B H A
OFEHAFEITDONT, BRINTE L 7o 3~4 45 H Z ik
I 10 ‘CORF A THPHIY B, L 267k
23 CZAfER L CHENEB ZMkFE T 5 Z & TABMNIC
PR E T (Y Z T, #HOREDRN
KIR 15 CEBAD 6~7 AIThHERTE S X o1t
HOREHRE 217> TWA ZEZREL TS, E7,
INES (1994) 12Xk D EEBIEORZ T A TIiE 1 i
HZ 11 A~3442 A TKENOKEEZ6CL 9T
Ik, Paviova lutheri & Chaetoceros gracilis Dl
X L ST CRIR Lic ik, 15 ‘Co AR E ik
TR L BEDNEASE LTS R, FefEIX CldmiZkiR T ok
BTFHAD T APPHENL, @FEOENHED
17 AU LR FEIE D Z N TE D, EHRATX
TICKS, BONTIASNRPoTeZ L E2HEL TnD,
Shlov< oY IR, RHIZHEETTo
LEDNILFEINE B o TeZ e, BRRITHT S
MEERAETHD Z DR S, L, FEM
Ml iR A 3 & R R L TR Y, 4%
XEE R BRI OVW TR T 2LERD D, L
(1976) 1Tk 2 &, “HHEICBIFBAEMEOFREITI
KR DI H IR BRI BIR L T D Z & i
LTW3a, L2L, SRoEERERTE, Y~hoY
T DWTI H IRR R & 22 BRE 0 B RIFNIC %35
T LT X BRI BT A S R o Te, HEHIZD
WTIE N2 10T B RIRFI 2 3053 5 Z &I X 5 iz
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SR T 2 META DT DT, SHRBEBBLET
HD.

EVE ATE&CHT HEEHRO
#t

Y= b3V I OFPRHZBT 2T RV, Bk
OB HEH, WAEBY, Wi, Zoftvhio s
Frr by @S, 1941) LETWDHHh, 4T
IFLERMAEILTE DO PE Y < oY I Ok
B2 EHskoHFH#EY (Kasai and Nakata, 2005) & O
Ex3HD. REEPOEM LTI~ Fo Y IfERITHE L
THAH 21T T2 Bl Tl = A SR OB EY) (DS,
1989) ZHWERRISIR 2R L e s 5. HEID
NTHEH A PERAR PRI I E & U CHIAEOHE R & Pkl
HEOBMRIIEETH Y, SNEFITHR R ERHE D%
BB OMEHE, EEOREISCRBEES D
OB HEILRLE Wbz onb L shvTtnd (h
B, 1997). “HHO NTREG AR TIISEM, H
HHA & IRl & oBIR 2 S L7 plidg <, FRicah A
B OUFBEAPE-CRHEE IOV T, Tav A (Oka-
uchi, 1990), 7%V (R - KP, 1990), 7 uF 3
vAA (HP S, 1970), bYHA (FEIK, 1980),
# % (Helm and Lang, 1987), A HA (&5,
1997) 72 ETHIZEEN TV D, “HHESAEICHHT 58
BLAEY & U Tl Paviova lutheri, Chaetoceros calcitrans,
Isochrysis galbana DX HNTEY  (HH, 1982), &
B O ONTIZ MY H A (PHIE, 1980),
# % (Helm and Lang, 1987), A H A (hE5,
1997) THEHEENLTWEHDOD, ¥~ by VIO
EFEZHNE UTe 2RO R EM SR 1T K 2 R R T
BT 28I bbb, 22T, AROTIZ
PRl TR 2 FaliE, F5 IR K ORIHIHER % T 2%t
BT, C. calcitorans, JBEELR L OHEERNEBADE & L
Tifilks s v~ E ORI A THT S Tn 58
REEBIZOWTHGBETR OB 217> Tc. ABQTIZ
PN A TR 2 13l 0~ © 75 JEHE L E T2 4 LA
MM EETCHEE LTHEASN TS EETHD C
calcitrans, C. gracilis, P. lutheri BX V7 vl Z%H
VW, HUBHGEER K ONR SR EE 2 iR L, BB XUk
FACRIE T RIS R IO W TR 21T - T2,

N-O AIBHEICHTHEHOEER

MHERE

1. AITEEHODOZREL SEEIZS TS Chaetoceros
calcitrans, FEEXTH L UM EKEEDEHHB R LE
HER

2003 4 7 H 6 HIZ KGO AT a v

BELZEKAEEHWNLEIIZ X Y 202572

(Fig. 29). NTFEINIREHZHI5 5 psu DMEKIZ AN

TN EENT 4 CTRIEL T2k, 25°Co¥E 5

psu OHE/KICHEERITT 2 Z &L THEINGFERZIT-o 1.

FEDN DT TS AR 200 ik E S v —L (RY R

FL ) TR LGFEEKE 30 m, D% 5 psu

IZHREE L 20 CltfhR o oA Vo F aRX—ZNTEHL I,

5 psu IR OVERIZIE, WAKIZILHRERETICH 5k

BN K EER LT Ok 2 vy, HEkiX ke AT

(28 % JbifE 7 Sk pE SRS TlE S iz R o

RKuktfik Wiz, BERIX 11X C. calcitrans (&G -

MIBEER) %5 %, HEEEIX 1X10°~25X10° flfgo

HPAT 3 R & Uiz, sBRIX 2 1S e L, <

MBS OELRFR T 2B (54 BT,

TAVAF—Y~<i) 2kl LIPS (1989) ok

FITHE, BE PR A TR L TR L 7o, FRAE:

1% 0.5 mg~12.5 mg OHIPHT 3 EREEL Lz, HERIX 3

IREERACE AR T H DM AREEE (54 © ZM Food

for zoea, MRt~ 8) 2Hz, HEEX

0.04 mg~1 mg OFIPHT 3 B S- 2 7z, FHEIX 1T

IR ZS %, 0.66 m@ ~16.5 m0 OHPAT 3 B

DOETH X Teo WIIKIZAFINIKRTY Y BT

141°43E 141°44°E 141°45E
L

44°55'N

44°54N —
Japan Sea

2: e \\
% Hokkaido QLKL

Japan Sea

1 Km

44°53N

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

ponica. “A” shows the sampling site at Teshio River.
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B LY~ by YV I0EREHERL THDEERI O
KE L (Fig 10). wHRX 2 i3dbiEE R E T IcH 5
dbigEE ST R BEREIG Ok I L, SR L L
Too EERIXERERBAMBEF D 1 & L, 20 Citit- A
VEFaR—FNT22 AEHE L, 53RXIZ3 ey
MHERLUAFR (AR X 100, 20880, EE)
EO(BEBEEZH LU TERICEE LTS EAE X
100/ M%) I L OERE CGEEMAL X100, 4
ERE) Z e U, SEDRER X O EIZ 92K
W NI U, ABITH T O FEOHETHKT L,
AT, IRERE X OB EREITRBFNITR T 2 AR
W X OSSR B OB (SEED 1Txt3 5
&H& L.

2. NITEEDFENSHE#EIZE TS C. calcitrans,
BELH LU REZEOHEH DR LEGER

2003 47 H 6 HICKIE)CTHIEEAHWTREL
R H &, Bk & R )T NI X b 32k
U&7, BEONOEFIZ 100 £ BEL500 € D85
A N EUKAEZ WA 50 €12k U lEshER 1,040 X

1 e A

10 R 2R L C. calcitrans, JEEEL B X O AR EER
T2 e, fPRHIATGE & RO 2 Ulc, fafHiX
B2 HHIZ 1SS %, 13 HHE TIkR#H%
frblehrote. 14 HHEBBRIX 2~3 HIEITHE AT & k3R
Bafiolc, KEHUIRED 23 FE L Lz, RBRIX
11X C calcitrans ZFEIN > 5 2 HEHIZ 20 X 10° flfd 5-
Z, 4HHEHUEZ1I HHRY, 49X10° a5z 7z,
AERX 2 TIXEEL ZEN» S 2 HEIR 5.0 ¢ 5%,
14 AHBIZ 1 Bdcy 98 mg 5270, iBRIX 3 T
T REER A ENAS 2 HHIZT 1.0 g 5%, 14 HHE
(%1% 98 mg 5 %7z (Table 6,7). £ZikBRX & 3 pEOND
513 HE TS S psu THH Lz, #5905 psuin
T DOVER T U 727k 38 & Ok iz oW i &
[k e L, FHEIZILAK T T L —Y 3 U2 F0WER
Uiz, AKHEIZEIFIAARR 100 VERE —% —%HW,
fRAE KR 20~25 COMPIZIREE L 7z, fHEKOR
ik dbgE SL AR ER LG oA Z L, 14 HE
PIBIRIRIEI K CTHIE Liz. SHRX 1 IXRRBRBE %45
L CHHED & 380 FERIOW K TEE 217> 7,
SHEX 2 X8 EE & 722 5 & 5 isdbimE Lk ER L 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 titv of
Test Material Capacity water & Ql;an d'l yo
eedin
Number (L) (L) (X10%) &
1 Chaetoceros calcitrans 100 50 1,041 20 X 10%cells
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 fQudgntlt/ydof
. eedin a
Number (L) (L) (X10) e ey
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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BkzERY, BEZS4HME L, MESHH, 14
HH, 22 HH, 35 HAB XU 54 A HIZ @3 % Al
E LT, FEREIIAEEICERT 2 HBEREEZ YRy
MZ X DINERDY, # 30 Iz O TREEFHIIL
Teo fFE 54 B HICTE KM S EFEEZTRNF L,
H& 200 pm, 300 um BEKS500 pm DTS5
ho Ry NCHEL, EEETEFAMEEERHRL, #
W RPN O OEBREZFIN L AR 2 i LTz,
B R DZEDBREIT Tukey OREZ MV, FE 54 A
HOETRHRIX 1 (MEH5AF) 35 X OSEHEX 2 (Gaf)ilk
fiE) I TD2HREOREE 1%KETIToTe, &
B E=TRE } i L L, 54 HHOIFERIC
DNTLHER LTz,

Bw R

1. ATRBEDFENSTEEIZEITS C calcitrans, [E
E+H LUMKEZOHEH R LR
AFFRITEBRX 1 0GR 1 X 10° Hiig Tl & 1
R 94~99 %, #AfHE 5X10° fifTIX 91~99%, 2
5X10° M TIX 96~100% L WITNHEWETH - 2

60

—@—25x10"6 cells

40 ] -@- 5x1076 cells

—0—1x10"6 cells
20

[] —O—No feeding

0 5 10 15 20

Rate

120

25

80

60

(Fig. 30,A) . RERIX 2 OFFEHE 0.5 mg TIEHEHF 18
HHETIX87~99% Tdh 727522 HHIL 66%, FAfH
2.5 mg TIEEHE 18 HHE TIX 94~100% ThH > 7c
A3 22 HHIZE 83%, #ffE 12.5 mg TIEHH 18 HH
FTIX 98~100% TH - 722822 HHIZ90% TH - 7=
(Fig. 30,B). ABRIX 3 OFGATRE 0.04 mg THlH HIM
1 95~100% TH Y, frflff 0.2 mg TIXEH M
97~100%, #HfHE 1 mg TIEfE 5 HHT57% ThH
Y Z D 85~100% CTH -7 (Fig. 30,C). XX 1
DOFGEEEL 0.66 m0 TIXEIE 18 HH £ T 90~98% T
22 HHIZ 17%TH v, fHffmE 3.3 me TIEEE 18 H
HETIZ81~9%6%T2 HHIZ71% TH Y, fHF&E
165 m TIXAE7HHIZ79% TH Y, ZoOMHMOH
RlZ 90~100% TdH > 7z (Fig. 30,D), KX 2 D
T ERE IR H 88~100% Td » 7= (Fig. 30, no
feeding)

TEERITEERIX 1 OFF TR 1 X 10° flia TIEEIE M
R 43~62%, FOEEER 5X10° A TiX 40~84% T -
Teo 25X 10° M CIX 52~78% CThH - 7= (Fig. 31,A).
MBRX 2 O 0.5 mg TIXEIH T 9~26%,
FGEEE 25 mg TIX 19~27% CTH - Tz, FBEEE 125

120

looc—ﬁ g = -wo
/
|

80

60

—B— Img

40 — -@m- 0.2mg
—3—0.04mg

—O— No feeding

20 —

—e—125mg —a—16.5ml
40 [ -9- 25mg 40 /7 --A- 33ml
—0—0.5mg —A—0.66ml
20 ™7 —0— No feeding 20 ™ —0— No feeding iy
0 0
0 5 10 15 20 2 0 5 10 15 20 25
day

Fig. 30. A comparison of the rate of survived larvae and juveniles of C. japonica larvae given different feeds with dif-
ferent 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.

e




Rate

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;
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100

90
80
70
60
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30
20
10

1 e A

100
A ° 90 —(C
“—_ 80
. 70
SN 60 5\
s = hd ~ 50 m s -
o - o N —
o} 40 e
| —.—%SXIOA6cells 30 | —E—ime \ B
[] -~ 5x10%6 cells | -@- 0.2mg N u.
|~ 1x10%6 cells T~ 20 M 5 0.04mg T~ <2~ __=um
—O— No feeding o 10 ™ —0—No feeding =
: . . . , 0 ; . . . .
0 5 10 15 20 25 0 5 10 15 20 25
100
B 90 —D
80 A A
70
60 e A
50 4 g
40
—e—125mg 50 L| —A—165ml
-9- 25mg 90 || AT 3sml o A
—0—0.5mg ——0.66ml \O,/K
[ —©—No feeding 10 —O— No feeding o
; . . L : 0 I . . L )
0 5 10 15 20 25 0 5 10 15 20 25

day

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

amount.
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that were given diatom powder; D, The larvae that were given river water.
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mg TlX 16~28% CTH -7z (Fig. 31,B). RERIX 3 D
o 0.04 mg TIXEHEMMT 47~57% TH Y, #&
fHH# 0.2 mg TlX 22~51%, #3E&R 1 mg TI& 11~58
% Th-olz (Fig. 31,0). HHRX 1 OFFHAE 0.66 mO
TIXEIEMR P 16~47%, #HfHE 3.3 ml TiX 47~6
4%, FAIEE 16.5 m0 TlX 47~83% CTh -7z (Fig. 31,
D). R 2 O TIXEBE Y 7~22% TH >
7z (Fig. 31, no feeding).

HERITHBRX 1 OfFHE 1 X 10° i TIXEHE 9
HH®D 61%%>% 22 HH D 100% 18T, #HEEE s
X 10° I TIX 9 HH D 94% 225 22 HH D 100% -~
BinL, 25X%10° ffETIE 9 H~22 BITH»IF T 99~
100% TdH - = (Fig. 32,A). RERIX 2 OFAHE 0.5
mg TIEEE 9 HH D 64% 55 22 HH D 100% ~1#
L, ¥R 2.5 mg TIXEE I HHD 71% 0 5 6B
22 HH® 96% ~hmL, #hFE 12.5 mg TIXHEH 9
HEH®D 71%0:5 9%~ L 7z (Fig. 32,B). R
X 3 O 0.04 mg TIEEE 9 HED 92%25 18
HEFEIX 100% TH Y, R 0.2 mg TIEEF 9 H
HD97% %25 18 HHLEKEIZ 100% TH Y, Faflis 1
mg TIEEE 9 HH D 97% 55 12 H H LI IE 100%
ThoTc (Fig. 32,0), MK 1 OFHE 0.66 ml T
IZEE 9 HE D 67% 5 6 81E 18 HELFEIX 100% TH
Y, #HAEE 3.3 m0 TIXEE 9 HHD 82% 2 HEH 18
HHEIFEZ 100%TH Y, TR 16.5 m0 TIXBIZH]
M 4£ T 100% CTdh -7z (Fig. 32,D). *THEIX 2
WA CIIFRE 9 HEH® 22% 55 22 HH D 7% IR
L7,

2. NIfEHDZFHENSHEAFERIZE TS C. calcitrans,
BELTH L UMKREZDHEA SR LLEFR
FEREOHBIZIET 8, 14, 22, 35, BLU 54
HHT, #BX 1 cidznsn, 17335417 um,

2743+939 pm, 388.7£16.59 pm, 455.0£23.26
umBLW680.6£27.72 um TH-o7 (Fig33). ik

BRIX 2 T ENFN 1808 +£3.16 um, 263.3%7.78
pm, 276.0+18.44 pm, 4023%£17.76 pm B LT 50

08*3631 pm Thot., MERKX 3 TixENL TN

1825+3.10 pm, 221.7+695 pm, 319.8+21.19

pm, 362.5%t44.19 um, 8183%43.03 um ThH-o 7.

[FIERIZ, WEX 1 TIEENEN 17772291 pm, 24

42%723 pm, 475.8+13.46 pm, 4758%32.98 um,

886914101 um TH VY, HWX 2 TIEELEN

165.4£2.74 um, 190.7£3.86 pum, 226.7£9.57 pum,

356.7£13.07 pm, 379.8+2271 um Tholz, FH
54 B O3 RT3 OB KRR, SERIX 1
D C. calcitrans, RERIX 2 DIEE - DIEICKZ <, %t
WRIX TS0 2 A ITERIX 3 O REERER L OB
X1 ®D C calcitrans H3FRIX 2 OMEFEERITH L CHE
ITREL, HBRIX 2 DEEEL2SRHEX 1 OFJIKENE
26 L THRINE 2o 7 (Fig. 33),
HIERITHRRX 1 D C. calcitrans 73 12.4% T b &
<, AKX 2 D LD 95%BNkiIcE <, ABRKX 3
DR REEED 4.9% 035 b IRNETH - 72 (Fig. 34),

1,000 -
—®— Chaetoceros calcitrans

900 e Leaf mold solution ?@A B
g 800 M ... Diatom powder s
3 700 | — River water : /é b [%
S 600 [{ -—O- Nofecding x
%" 500 | e & | [
% 400 | o o
2 800 |
0200 |

100

0 10 20 30 40 50 60

day

Fig. 33. Changes in average shell length of juvenile C.
Japonica, 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.

SHHX 1 QA TIX 4.2% T, X 2 o)1k
BTS54%ThHoTz,

HBRBRX OFE 54 HHOBFEIZ, RRIX 128
87.6X10° Tib % <, WKW THBRIX 2 D 49.6X10°,
FRERIX T AR > Te DIFFAERIX. 3 D 417X 10° TH >
Too [RIBRITOHIRIX 1 IZ RS AL AR AR B BR X 0 3 5
ThoTeled, 13 ITHAL, 49.7X10° &7, IR
X 213 364X10° TH otz (Fig. 35). TDXHITH
BB R TIIM RS AR LR b KE LoD
OO, VEBmREEEBEMEEELRCEIGFRTIEC
calcitrans A5 LT BEDS I D % <, e @
mzERLE.

V-@ ATHEECHYT5SEEEE0ORE

MR ETE

1. C. calcitrans & P. lutheri OB IRFAEHEER

2004 4E 7 H 16 HICRIENICHifE AW TEREL
RRHEZRV, NTREINC XY 2% 572 (Fig. 29).
ANTREINIRRD & BV 1o 7o, FEINE HOFES A
IZ C. calcitrans 35 & X Paviova lutheri %5z 15 H
BFHL, BEMHEE TOERR LR EZ KL T,
C. calcitrans IXHIFEERE 2\, P lutheri 1XAb¥EHE
SEREREGER A X — (Bl dLHRESLRR A DE e
FEKFERRE) THAIhTWaHERWE, AT
FENE H OFELHER) 500 itk Z s v —L (RY 25

1 e A

LB ITUAE LRI 2 B2, 20 Clzit-»
oAV FaX—FNTEH L, C calcitrans 1Lk
SE 1R 1 Hd 20 0.001 X 10° 225 10X 10° fiiz
MUFT 10 {54312 5 BERETH- %, P. lutheri 1ZiFEY)E
LR 1 B0 25X10° 235 100 X 10° 2217 T 3
BT h x e, SR ERIEE L, HBXiZzhz
2~3 oy M8 LIFE TR Lz, AEBEIX 15
H#BIZY ¥ — VEEICEE LAF LTS k% Sk
BAMEE N CABGEHL AN Ui, BRI A
DRFEI /v A—=2THREL, 30 HEOFEEE
Lico AAFRADS 30 AR ICH T2 Za WA 1T 28D
SEEfE L Ute. EERIT Il + e A TR L Tz,
Fiz, FEBREICOWT IR E S B IE 2,
HEZEDOBREIL 5% /KETITo T,

2. C. calcitrans, C. gracilis, P. lutheri 5& U 0L
Z DREHRERR

2005 4E 7 H 31 HIZ S 7B Tl E v CEREL
TR A E R, NN X 0 a2 A 72 (Fig. 2
9), NTEINIFNRD LBV IToTc, IR HOFME
AT C. calcitrans, C. gracilis, P. lutheri 38X O/
oL ek, BB I OREA L TH X 16 HRE
B, EBRELVEREZRKR L, C calcitrans B
KO P. lutheri XTIk L FEEOW & L, C. gracilis 1
HIFERERB L7 v I3 r/nL S TEMAMAL
Teo PESNH DL AR 200 A2 100~300 me
E—h— (R 7FeL o 8) s UL 2~3
HAIZiTv, 20 Clitffo e A v F a2 X— 2 N TEH
L7z, BBRIX 1~20 1% C. gracilis 12k 2 BEER O
WET 21TV, RS AR 1 Hd 72 0 Of iR
BRIX 1~4 TIE 1 X10° fil, FERX 5~8 1% 5% 10° {,
FBRIX 9~12 1% 10X 10° fl, FBRIX 13~16 1% 20X 10°
i, BLORBRX 17~201F40x10° L L, 7L
Z (WA VTR, Z7al 7 TEKRRAT,
C. calcitrans B X P, lutheri EHLE 11 TRALR
BT LEilokEE L Lz (BIF, W) (Table 8),
ZOWN, HBRX 1, BRERIX 5, BRI 9, HBRX 133
K ORRBRIX 171X C. gracilis O A TIRE 2 L 7,
RERIX. 21~29 1X C. calcitrans 1Z5%} 3 B RE& B O
FERLTV, BESE K 1 Bd v O ETEITR
X 21~23 TiE 5 X 10° fil, FBRX 24~26 1% 10 X 10’
fill, BRI 27~291F20X10° &L, 7L 58k
P, lutheri LHLHE 1:1 TIRA& L% (Table 8)., T
W, RERIX 21, HBRIX 24 B L ORBRKX 27 1% C
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Table 8. Feeding regimens of the experiment

Test Feeding Concentrasion

Number Material addition (x 10%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. calcitrans  No 5
22 C. calcitrans ~ Clorella 5
23 C. calcitrans  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. caleitrans P, lutheri 20
30 P. Iutheri No 10
31 P, lutheri Clorella 10
32 Cont. Clorella No 10
33 Cont. No feeding

calcitrans O Fx T & Z i Lz, 3BRIX 30 1% P.
lutheri %5- %, S 1VAK 1 BHdic OREE S
10X10° & L, BRIX 311X P. lutheri & 7 0L 5%
11 TEALIOXIOC MoRHERETY Xk
(Table 8), F7z, RERIX 321F27 v L 5% 10X10°
OFEEETE %, WMBRIX 33 ZRHHX & U TR L
L7z (Table 8), 7 v L F i3l & W25
XORFMUTHA L, £RBfFEE="TH%E X
Wk & U B AT 1T 2 IR AR R o Skl sh 2 it
L7z,

Bw R

1. C calcitrans £ & P. lutheri DB IEFAEHKER

C. calcitrans ZPREMICH 27 & 25, BilEE 1
&1 Bz 0.1X10° Mgl N CikfE 13 HEHT
ERAAEIZ AR BN oTeDiTH L, 1X10° i<
FEEISHBEIZ3I vy hTT72, 128X 12.8%%
AL, RDRIBETH o LHREER 10X 10 flliTiX
375, 504 BEX U 472% B34 LT (Fig. 36). %
X DM TIZAEERIT I oy FT20%, EHD2

oy MI 0% THotz, £ 15 A HOFEBREIXHR
R 1X10° fileCTid4 ey hT173+285 um, 172
+205 pmBIC173+£301 pm THY, HEEE 10
X10* fIfE T3 vy P T192£2.62 um, 200*2.50
pmBIO205£4.10 um THoTe, X OMELRS
fECIX154%£324 um THoTo, FHBRE T
B 10X10° Ml CREIRE 1 X100 fifla L v AT K&
WEM SR B e (Fig. 37).

P. lutheri ZYRIEMICH- 2 Te & T 5, HilEshE 118

(%)
60

50

40

30

AN THTOAOAOD

20

Survival rate

10

No feeding

0.001 0.01 0.1 1 10

Concentration (x 10%/larva/day) Control

Fig. 36. Effects of C. calcitrans concentrations on the
survival rate of juvenile C. japonica at 15 days after
spawning.

N\

P
P

Shell length (1 m)

M AHHIHUDLGUDIHIJB1IIDBTIH H H H ITI IODNNOMMR

N\

1 Lot No.

No feeding

Concentration (x 103/larva/day) Control

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.
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W1 ABEZY 5X10° FETIXEE 15 HHOEBERIT
21y FTS5328BXU49.0%THY, 10X10° HildT
%444 BIT338%TH Y, 20X10° Hifld Tk 38.8
BLU54.0%TH o7z (Fig. 38). X DEATT
Z1 8y hT40%THY, b51 87y hTIE0%T
HoTe. £, 15 HHOVEHEITAE 5X10° Al
JETIX189£294 ym BLW177£233 um THDY,
10X 10° MR TIX 179£2.00 pmBELR171£2.04 1
mTHY, 20X10° ML TIX 175£2.09 pm BL Y

Survival rate

1 2 1 2 1 2 1 2

No feeding

Concentration (x 103/larva/day) Control

Fig. 38. Effects of P. lutheri concentrations on the sur-
vival rate of juvenile C. japonica at 16 day after
spawning.
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5 10 20 No feeding
Concentration (x 103/larva/day) Control

Fig. 39. Effects of P. lutheri concentrations on shell
length of juvenile C. japonica at 16 days after spawn-
ing.  *Significant difference (P<0.05) by Two-factor
factorial ANOVA.

1

1 e A

e

173£2.00 um TH-o7z (Fig. 39). FEHETITHY
125X 10° HIIERA AR 10X 10° fifa3s X O 20 X 10° #l
&k v BEEITKR EWHEINISED b,

2. C. calcitrans, C. gracilis, P. lutheri 5& U 0L

Z DREREERER

ABRIX 1~20 ® C. gracilis & 7 v L Z, C. calci-
trans B X NP, lutheri DA TIXIRD X 5 7kl
ThoTo (Fig. 40,(A)) . lBRIX 1~4 OFFHELHAE 1
1 HBTY OfER 1 X10° il TIX, C gracilis
BB L O v LT L OBEARETIEAEEEDS 0% T
HV, C calcitrans B X P, lutheri & DREFEET
IZEERIZZENEN 20 BEI T 1.0%, FE®REIZZ
NEN160£7.07 pmBEUI140 pm THoTc.
BRIX 5~8 Ofe & 5X10° #ilaTIX, C gracilis D H
MBI, C calitrans & OREIHEETIXAEERRIZZ
NEN 1.0 BXT3.0%, FEBRKEZZENLLEN 160 1
mBLU155+456 pym THY, 7uLIBIOP
Ilutheri & ODIRGAGEETIZEBERNR 0% TH oo, kbR

Single
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C. calcitrans

Control

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 OFGEFE 10 X 10° HIlETIX, C gracilis DH
MAAEH, C calcitrans 3B X OV P. lutheri & DIRAHEE
TIHAEERRITIZNZEN 05, 1.0 BET1.0%, Rk
FEZFENFN160 um, 160 pmBXO134 um T
HY, 7aL T LORAKETIIAEEERNR 0% TH-o
Too #BRIX 13~16 O 20X 10° TiX, C. gracilis
DOHEMEEEE, C. calcitrans & DIRAFETT TIX AR
FNEN 05 BLT4.0%, FHREZENEN 140
um, 160x354 pm THY, 7L TBIXWNP. luthe-
ri & DRAECTIXAEEE 0% TH o, ABRIX
17~20 OFFHEE 40 X 10° @ TIX, C calcitrans 8 X
W\ P. lutheri & DREHMH CIXEERKIZZNEN 35
BLO1.0%, FHHREIZZENEN 162.9£3.85 um,
150 um THY, C. gracilis DEMFGHER I K7 v L
5 L ORGHETIZAEEREN 0% TH - Tz,

ABRIX 21~29 ® C. calcitrans £ 7L 5B I UP.
lutheri DIRAAETETIZRD X 5 iR TH -7 (Fig.
40,(B)). #lBRIX 21~23 OElESE 1 k1 Bd7zb
O 5X10° TlX, C calcitrans DHMFAETE L O
P. lutheri & DIREFHECIXEBRIIZNEN 0B
F0.5%, FEBREIZZENEIN 14672385 um B X
G140 pm THY, 7L T LOREHBETIIAERE
ER0%THo . ilBRIX 24~26 OFHTE 10X 10°
N TIX, C calcitrans ® BT X X P, lutheri
L ORAKETCIIERRIIZNEN 1.0 BX 1 4.0%,
SEEREIXZENZEI 150.0£3.85 pm BLU157.5+
234 umTHY, 7ulL T LORARETIIAER
B0%THoTz, BRIX 27~29 OIEEEE 20X 10° #
aCIX, C calcitrans O HEMIGERIS LR P. lutheri &
DOREMMETITEERITZNEN 3.0 BL T 4.5%,
SR EEIXENZEN 16671385 um BL U 1622+
210 um TH Y, Z7ul 7 LORAHMETIXERE
NBO0%THo T,

Flo, WX 30 OfFfHE 10X 10° fifdaTo P
lutheri O HEMFRETTITAEEF 2.0%, FEREIT 1425
+217 um THY, MR 31 O7 oL 5 LORER
i, WBRIX 32 D7 v LT OHEMIGATR X OGERIX. 33
CeIRIX) DG TIRAEERIL 0% TH -7 (Fig. 4
0,(B)).

ZDX5IT, C gracilis DBEMFGEHIZ AT C. cal-
citrans M2 T2 546, M OJRETH AEBRER M |
L7z. C. calcitrans ®BMIEEEIZ LR T P, lutheri %
Mz 72858, R 10X 100 fias L O AE & 20 X
10° MR CAEBER M E L, £, Z7ul &N

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

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

. C. gracilis + P. lutheri

9

(’u m) <> P. lutheri single
0

I i
165 1 I 19 99
9 1 13 ° 15 A
160 —O— @@ @gg
< 5 7 A
o 155 ! °
g 20 24 1
: 150 x5 T 51
T 145 f A .
n 140 13:23 - X 30
L 1
135 .12 I
130 . .
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 72 GBI OFBRIX T H BT A S NiRro Tz,
EFROZ BN 18 KITOWT, FElEAiE Lz L
25, EBROVHEIX20%, FHHREOFEEIZX
15264 um THotz, TOW, HEERER IOk
EoV % Eblo X%, HMEE A TIXilbRx 27 ©
C. calcitrans (GGHHH: 20 X 10° #ifL), BAKE T,
C. gracilis & C. calcitrans DFRERIX 7 (FEEEE 5X 10°
M), BABRIX 15 (REfHE 20 X 10° filfe) 38 & ONkBR
X 19 GHfEE 40 X 10° ffE), WETNT C. calcitrans &
P. lutheri DFBRIX 26 (frfiiE 10 X 10° flifg) B LT
HABRIX 29 GRfHE 20X 10° fll) D6 X Tholz
(Fig. 41).

z =

N OFlE» S EEICED ETOMRE, Hkic
FAE T R OB L RO R EWEE T 5 HT,
NTLFEGNE B DS Tkt U C. calcitrans, JEE T
BIOBMAEREZS % 22 Ay v — L THELRZ L
A, EEETIIBEOMIIKEZ 0.66 ml 5 %7
X T 17% ToH o e AT OFERX & b 60% Ll E
DIEzERL, ERAFXTDH 89%ZRLIZ Enb K
ERZEIRSNRD o, HHETIE, MHATX T
A EBIR T 7~20% OIERNETH > eIz L, C

e
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calcitrans B X OHIIIK %2 5- 2 T X TR E 2 & < 72
BTN TG 2 BB HR BTz, AL
WE G2 T X TIMEE (0.04 mg/FilEshZE 200 1 {4)

THHEEEPE <, BELEZ 52 XTI EGAX & 1%
ERIBR 2GR TH o e, ERAEEETIE, MHTO
XTiX22 HH T 100% IZ/ > ezt LT, C
calcitrans B X WK E 5 2 X TlX, <52k
BAEIHHEHTI00%ZRLESEEL T, BN
(1996) 1T &% &ilEsh A% b > B O AL T
FAERERZOEN T A, FRicEBHLYE
(pediveliger) 11X EFMOE MR E LEAR L ZEE
OIFEHLERH Y, Y~ by Y I0EFETIIZRER
6 HITBIR 172~198 nm ORTEMIGNE (BIHIRY v —
) &gy, % 10 HITHER 210~220 pm @
BRI AEL 72> T, HELIPHR~ERT S, Z
DZEMPD, BEOFIHRIZY < b Y I OZERERTITH
WL, fHOFERB I OCRIZL - ThE LS ER O
FREOFHEEZERTOOLEEIOND, TDXHIT,

R TIIRR ORI A LN R P o Teb DD, [EH)
ENBIX C calcitrans B X ORAREES, HIEEPHIX
C. calcitrans DMER & L THMTH D AREMEIR SN
Too WIT NTFRT OFE? HPIHER £ TokE, 4
BB PR OFFH O R 2 MRAEES 5 HIN T 100 €
DN T A DK E N TN REINE H D3R5 A
1,040 X 10°* R Z IR L, C. calcitrans, JEIE+TB X
O R Z 5 2 IbKERESC S4 HREfE L2 & 25,
B TIX C. calcitrans 5 Z TR kb <, ¥
BRETIIMARERE G X XD RKREL - T, ik
LB IZOWTHE &3 CBlfEE & U TRAEN I
Lzl Z A, C. calcitrans %5 2 Te X D3 b o Tz,
ZDESITC calcitrans 13Y < b Y 3 NTHEW 2%
LT, lesh A b5 ER X OPIH | 2B k3 5 B
I Z 2008 LTHITHA Z LR HL N 2o T2,
F e, RIS OO, JEE L ORBREIT O
TH PRSI RO BTz, Kasai and Nakata (2005)
IR & EROFMAELZRANTY < MY I Ok
EHELIL 25, REHRESOMEM T Z v 7 Fr o
HihEL, BRREET5HHMPROEETHD Z
LRI LTS, Kasai et al. (2006) 1X[FEERD T4
TEREORR 2D = DODFEAKM (H=, /INolEREF X
OSREHD) 1285 Y~ by I DR EH-~N, A
DI =TI R CIREER 7 Z > 7 b I
WL, ERflchEREOAEYmE4 <FEEL T3
ZEEHRELTVD, 51T, Sakamoto et al. (2007)

1 e A

FY< b U IOWESRE BN TE L e — 22 B
WNZ 7 Va3 — 2L TR DIBRIEIEDIFEZ MR L,
Y= b VT —REBRUMET L EITL-
T, ARMEBRBUICR W TIREDOIFERICHB L TVH T &
BHEL TV, TNHDZ LM HLARRBRIZBNTA
DN BB I X SRIRITvY< P30
Fro Tt o — 22 RHIL LEDE E LTS EBL
RLBZOND, 2B, MEXIHEH L7ZR)IKTD
PRSI P R N OF I e 2 5 O (ol 8 3711 (OB S e YA
TRRFMTTZ o7 MUk xR T > T Db T
T ERFZERT O B OFAAE I TIX, HTWNTITEERE,
BB L O RORENEWHE TALN, T TH
H:#  (Aulacoseira ambigua, A.granulata, Asterionella
gracillima 58) BEERKIKRTH D Z LE2HEL T
% (Hino and Tada, 1985; Takano et al., 2004),
DT EPHWIIKNITY < N3 Y I O & 72 2 RN
BRZAEN T LD LEZBND,

WAT N T EEINR H O EIT6 U C. calcitrans 3
X OP. lutheri B TR A DORETE X, 15 HED
EBEB LR EP SRR ZHR T L T A5,
C. calcitrans TIXFMESAE 1 HE 1 BB 10X10°
ML THI 50% OAERRRIG L, FEBEIEF 200
pm £THE Ulc. [FERIC P lutheri TIXFAERIT 5~
20X 10° AL O HFATHI 30~50% DAFEE I H I,
SR RIIR 170~180 um ETHEEL, WEHEE D
BMUZ G 2 280k & L THAITdH D ZERAG BRI DS
W HNEIRoTe, S HITNTIEINE B O ATk
LT, C. calcitrans, C. gracilis, P. lutheri B X TO7
o L Z 2R RHC BRI L VR AT (%1 1)
2T, 16 HROERER JOCEERREFH~ T L
A, C gracilis & C. calcitrans DR ESHHE, C
calcitrans & P .lutheri DIREHE R C RIS AT IC L~ T
AN BT B MRS e, AR R
IZOWTHH I EG M Z BBl oA LR,
HUMGESAECIX C. gracilis THAESIAE 1l 1 B2
FRETE 20 X 10° AiiE, BAWE TIX C gracilis & C.
calcitrans DE DIFEERIZFE T < 5~40 X 10° Hifd,
C. calcitrans & P .lutheri DE OHREIXIFR T < 10
~20X10° flETH Y, ThdOERIRAENT &
BHLP LR o T, I M HORRIFIREHE D
FERBELFT, 7Y (G5, 1994), MUTAH
4 (BEIR, 1980), INT A HAHEE ORE - ILIH,
1995), SHAA (hlEH, 1997) FTEZOHMER
WEShTWD, 49 (1971) Itk s L, SRR

-
—
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H—0b0x 52580 b M L2 EALTYH
R BRRIFTH D LV O fERIT, HB - FEHng
NOLEITHRD BN, H—HR ORI L > TTHM
DERT D REFZOTRTEMHRT S Z L BHEET,
TRELL EOfER ARG T D Z L IT X o THE O REM
REaZml-> THMEO LN RBEMIRT DN TE
5ZLERTELTND, SHEOERITY~ MY
WCBILTYH, RAREIGEDORBZTROM I
RoTNDILERETIODEEX BILD,

FVE AIBHORBRELBREREOD
A RE T4

BERAEF R 2R E I, RS A R M e BB
REFEZ RO MR E BN T D Z E P EE R
WEHEO—DLEZLND, HETCETa YA T
HOEHROHER (FHE, 19845 FiME, 1985), U
IH A OWILE DR E (Fujio et al., 1997), =V 7T
TEORE (F, 1992) OEELIRITET I HMER D
D, TV T U O Tl 2 LR T8RN
Ui H W EEEESRA DN TN D UMD,
2006). —HY~< bV BT IHEIXEETHY,
MEt 2 0ERH D, FHEREICBNWCALENZE
B Uk, RBLSE D545, RN A X &R
B Z & THENGER LRSI WS Z L 3R L 25,
Y= bV OBINEY A RIE, RRFER 12OV T
EHEEMEOY < MY I T (1981) 3G LT
500, NLHEHIZOWTIEZEL Ablbin, £
I TCRENAKZRDOY < hy ¥ 2HoNT, KEKHB X
O AN THHHEE TORBR/ N A R L ONERE )
RIZOWTHFT Lz, AROTIERE)TEHIL 72/
Ho o NI TR NTHET Z2ERL, KRN %
B U T NTRE O/ N R it Lic, A%
QTR L 7o N TR O KRB LB LA S e F
2 1T DWW THFRHE L Boh b & sl R A it L e,

V- AIEHEICIHITHREERBEORD
Ry 14X

MR ETE

AIEHDER & KB EK
HIVED-2 ORPRIEERIZIB T 2003 4EIT4E#E LT
NS ZRKEAS 7 BIZRBNTE FERITE - T,

B LI EE K ERAL G AR = THE R L, R
DX ITRERE R LT, Thabb, RGBT
D 2003 49 H 7 HITKBRIX THERE L Ic 2 TOHE
H 555.0X 10° fl#RIZOWT, HA 500 pm B I 300
um A vy aZHNT3XEIZ0F, HE 300 um
Ay all ko 393.0X10° flfkicoONT, HE 500
pm XEELE (289.0X10°, Pk 924 um) B X
CHE 300~500 pm X (104.0X10°, FEigE 651
pm) ZZNEFNLHAS00 pmBLU300 pmD7
Frr hrxy NUBIZAN, LKA THAER
BHHE (T2 N8 IWURL, XU 7RIcERL
#H L7 (Fig. 42,43). HA300 pum A » ¥ 2R
THoT 162.0X10° filfk (CFE3E 408 um) Xk
WREFEET 1T 3 B JLHRESL K FER LR RITB N T,
STETHBECHEMATIT FF o AR I 2o
L 7Bk N (Fig. 44) TFZ 27 b xy b3
% (H& 100 pm) ZHV, fEKIIHZTEEE

141°41E 141742 141°43E 14144 141°45E
45°03N

Lake Panke
[ ]

45°02N 7]

1Km
T

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

— [~
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| —COQ <45L>‘ 500 4tm mesh | ~ .
Sauif Ny -
(a
Seseeseie
7 Bottom / 'W

“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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Top view

P Digestion tank Mes

Chaetoceros calcitrans
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| e
P | i g —
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Fig. 44. A rearing system for Corbicula japonica in
the incubation room of Hokkaido Fish Hatchery.
Arrows represent the direction of water flow.

B B OHN S, WEME RIS ERRR T
% NT Chaetoceros calcitrans (853E 70 @ HIRFEER)
Brasa | MR Z ITHARE L, U IR B AR
orua7 4 VEORKETHD 1 py b EEif
Fr9 2 L 0P LT (bifmiE /K EERMESS, 2007 a),
fREHM P oKRITERE — % —&HAWT 20~25C
WL, =7V —yvarvefioft, ZORIIN2 »
HHBORE 11 H 12 HIZHA 800 um BX U500 u
m A Y aZHnT3KEIZoT, HE 500 pm il
o 139.0 % 10° ik IZONT, HE 800 um Lk
(B.ox 10" Ak, FHEE 2274 um) BLXOHE
500~800 nm XA (136.0X 10° ffk, FHE 1,050
um) ZZFNEFNHE 800 umBLW500 pum DT
Sy by NI AN, SHITREETLE (K
SAZy N ZPHIL, SU BT IcE TR L
FRE LTz, 2004 455 H 24 BT 7 BAHASEY EF
ERECHEBREZFHL, 200349 H 7 B
L7ZHA 500 pm R v 258TiX99.8 X 10° ik (F
Bk 1,626 pm) BELOHA300 pm A vy 25
TIX 14.8 X10° e (CFE3E 1,455 pm) ZENXL
Teo WHAE 11 A 12 HIZBIEL7ZHE 800 pm A v ¥ =
BT 18X 10 R (F#E 2,512 pm) BELTUH
A500 pm A Y 2fETIX203X10° ik CEE®RE
1,256 pm) ZMENLL, &FFT 145.6X10° ik % 1YL
U7co BIRXU 7ot FUE AL HEE ST K BERRAL G Al B 4 =2
IZHEL, 7 b2 ARMMEER 2 R U 72 Bk RS

1 e A

(Fig. 44) TFZ > 7 brxy MEE (HA 300, 500,
800 BE UM 1000 pm) AV, RiEOMEY fFHE Lz,
2004 4E 6 H 28 HIZEIE L TWAHaToOHEH TN
T2mm U BARY RBXU1000 pm Ay 2%
T 3 X220, 2 mm XHELL_ED 6.9 X 10° fi#
(P E 5,673 nm), 1,000 pm~2 mm X[Eo 44.4
X 10 kA CFE#%E 3313 pm) BLU 1,000 pm
IR D 94.0X10° itk (FE5%&E 1,358 pm) 220
TFEFNENHE2 mm D MY b xy N, HE
1,000 um DTS5 7 hrxy Mg, BXOHA
800 um DT Z v/ by MLEIZAN, SHIC
RETHAETEEHBITINAEL, N TBIZETL
#k Uiz (Fig. 42,43),

2004 4F 11 A 11 Bzl L, BE2EEIC X AEERE
HEEEHLIZEZA, 2 mm MY B ARy NLET
1% 4.8 X10° ik (F & 9,415 um), 1,000 pm
TZrr by MEETIEZ 225X 10 flfEB L ¢
800 um 7T 7 bRy MEFETIX 50.0x10° ik
(% 3449 um) ThHolk, TNH%2 mm b
VAN FRYy NCILEEZ A, 2 mm XL RiX27.3
X 10° ik CPE#RE 6,411 pm), 2 mm XELLRiZ
50.0X10° fifE (P 3,449 pm) L72oTc,
D EAITH D 27.3X10° Az REFEEL L T2 mm b
Uhngy NEIZIURL, ko B0 Rz
MR LRk ZAkfe L7z (Fig. 43).

-
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ALEHEOR/NERY 1 XDRET

R RCER N L 2 2003 4FPE N LRR Y ZEpE H
44 (B 5.5~20.1 mm) % 2005 4E 6 H 27 HIZER
WL, FRFIZAACZ7BCREBEZERAL, #E
5.8~20.2 mm ORKH 69 Az LTz, L 7=H
POIREEZE) Y L 77 VR CREER, BT -
T7 um/NT 7 4 VU R EERLEZ. U IE~~< b
XUy AT TEEAETY, EWEMEE
WTHRR B L, Kk, REBEOHEX,
(1981) #&#Eiz, sBIZHH L. T7obb, Al
Jif 2 WD R UNGERE DS & 3 U 7o RIUERTE O Rl
BIMBE S ND b D), MOREHM GIFE RO
SRRBII IS S DS, BEUNAEIEE S nd D),
HEDREEN (AL BB INS b D), Mo
KA ORI E IR B S5 2, KT
BB INZ2NbO), KoLl (B, KHEO RS
JFOONRRNS D) ITHFHL, B L AR R
L OBRER~ 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 pum. 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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AIBHEOR/NERY A XDRE

NIRRT 44 kD 5 5, X 23 kb, Bk
10.2~18.7 mm @ 11 fAEPEATH - 72 (Fig.
451), El, #HE 7.0~10.9 mm D 12 HHAI R
MThol (Fig. 452). HEZ 19 MDY, BE
8.2~20.1 mm ® 18 fEEI KRB TH -7z (Fig. 45,3).
7z, BE 7.8 mm O 1 EAFIIREAMTHY  (Fig.
454), #%E 55~6.8 mm O 2 HEIZRBIEHTH -
7z (Fig. 46), KIKH 69 Atk 5 &, W 21 kD
v, #E 103~18.0 mm @ 17 AHIZHEBAI TH - 7z
(Fig. 47,1). F7z, #&E 7.8~9.5 mm O 4 IR
A TH o (Fig 47,2). MEZ 38 KDY, WK
7.3~20.2 mm D 32 fEHIFRAMTH T (Fig. 47,3).
Fiz, BE 72~9.0 mm D 6 HAEIZRKAMTH Y
(Fig. 47,4), #E£ 58~72 mm O 10 {#& 1T AR5 L M
Thote (Fig. 48), LA EDKERPS, REHET VI
DORAINT A 1%, NN Tl @ 102 m
m, BT 8.3 mm, KIXRHTIIMETHE 103 mm, M

Table 9. Gonad condition in the stage of gonad in

1

1 e A

T 9.4 mm &R Iz (Table 9,10),

V-@ AIEBHAEBHEXEHOERMDNR
DIREY

mH & HE

1. ATFEEREEREHDPRROLE
ARIEOIZB O TRELGER ATV T THER LT
Wz 2003 SEFED N TREE 2 vy, 2006 4F7 H 4 B X
S HIZ NTEEINC & Z2K580 3 7, AL keE
WML EERRITBWT C calcitrans (85&E0 - vo~—
B > AT AR AE, BRI 1 AEHIE/mD) AAGRE L
fE L (BUF, KEIF2H#EET5). EHEIADS 1~2
H#% ol % 30 € R I —Rx— bRk Iz
KL, ILAKRGHETZTL—Y arafro THBEEHL
Too FEUNA S 2 ARLLERIZEIT 2 [ 2/3 DEFE K%
L LT, KB R L — &% —ZHWT 20~25 Ci
FEE LT, 7T HAHONTREINS 14 HR, 24 Hi,
35 A%, 47 A%B LU 58 A ICEIB /RSO A 5

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
1 .8-7.2
Male 0 6 32 587 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
7.0-7.9 3 1 3 2 2 1
8.0- 8.9 1 3 3 4 3
9.0- 9.9 2 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 NCARRBHEHO—HEIR Y L, BEEHEL
Too SHRIXKIZ 2006 4E 8 H 20 HIZ 8> 7 T A 4%
#£1, 200648 21 HIT NLREINIC & 0 &2 fdi %2
Hwie (BN, RARERE$5). fETEIERE
NLERW F2 BEE FRIZIT - . BB /KIR 2R LI
DX oWER L —&—T2 CIZHM L. NLEEDN
6 19 HEBRKE, #EZFHIILRE F2 B L MUk
WHBTERE S |, SRR AL R R A i L T,
FofH IR & b FE 2B U el s B T2 0 &
BT D Lo lcmlEshE 1k 1 A7z 10X10° #l
faZzfmH 5 x 7z, B o liEmito [ Ukt 0 £
IGRFATDOWTHIRL, REICIZAF 2—FT 2 hDt
Mgz TRE L e,

2. BENDEZRES L UREEDLE

REF2 BB L ORARBREE b iT, EWNIS 2 7
AREE LIHEHZ R, #EPDZNENKE, |
BB X OVNMID 3 BEREITIX 2 L, 25849 50 me DFF
AR TRITA 20 ARIUA R, SHIT1 » HRE L
Too RELF2 HENDX A Lo KA, hElE L QVNIC
4oy MEREL, £y MOYERRITIENER,
1,761~1,877 pm, 816~837 pm B K U 417~458
um CTHole, RIALEHIZFFIZARXEBTI vy
MEEL, &2y bOFEEREKEIE 1030~1076 pm,
620~658 um B L U350~358 um THolz. &
BRBIIANE U727 b3 AR Al 2 0k 8 U 72 B8R
IKFBIZINAR L, C. calcitrans Xk TRAR Y 7Tk, 7
un7 4 VRN pg bl k5 X5 I L .
fER T HAEER OB LB ROl 2T T2, &
B % 100 X AR AR R % i B BRI IR A B L L,
kN O ETHHE OA XM Uiz, £z, Rk
% 100 X fERE T ROV &/ E BN O T
wmEe L, MBRICEETHR Lz, 20K, ik
DREICEHEDSTRD BN TG AT — I T 21T
W, A 65N WA X Kruskal-Wallis #E 2 FH W,
HREDORTIX 5% KIETIT- k., WMEBRTIXC
calcitrans ZHGfE L, KiFXEREe —%—Z2HWNT
20~25 CIZH#E LTz,

=

Bw R

1. AIFEBR KB REEVHRE O LE
KB F2 OV HEIXT H 4 HOFEIH»S 14,
24, 35, 47BLVUS8HHTENE I, 148.0%£2.53

™)
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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 pm, 380.0%29.11 pm, 599.4*
3242 um BLU7054+678 um THoz (Fig. 49).
RIRAEEIE O R R IXFERRIZ 193.2£5.13 um,
2141%631 pm, 295.8%14.60 um, 436.1 %2954
pm, BEW617.8£37.74 um LR o7c, FEINPD
35 HHTIE, RARERHIEE®EN 296 um TH-
Teoizxf L, KBIF2 #X 380 um CTHI 1.3 fED KX
SIThHolz., BEIID 47 HHTIX, RAKEHEX
436 um THozDI L, KB F2HIZ 599 pm
THRI14BOREXETHoTz, IS8 AR T, K
SRFRW ACHOREIZ 618 um THHoTDITRL, KIMF2
B 705 um TR 11 BOKEZESTHY, KEIF2RE
DOFHBEWEEHR L, 205 bEE 35 B 047
HETIZAREZE (P<0.01) 28D Bz,

2. BEBRDERES KUBREDILE

AEFRAITIREI F 2 REO KA, HEIB X OUNIZZEN
2 55.0~85.7%, 15.0~70.0% 3 & ' 5.0~40.0% D
Mz Y, FEETIEZNZEI 63.9%, 33.8%B X
W 183% TH -7z (Fig. 50). RIALHELIED R HKIX
KEL LB X OVNMICIRZhEh, 40.0~55.0%,
15.0~45.0% B X U 5.0~25.0% DHFHAIZH v, FiEE
TIXZENEN 46.7%, 26.7%B LN 15.0% TH -7z,
KELF 2 BER X ORARRLHE D LE R IT DWW TA RS e
TR T2 &, KETIEENEN 63.9%B &
U 46.7%, HEITIEZILZEN 33.8% B LT26.7%, /I
BT 183% B LU 7.1% Wb K F2 BEASE
WilER Uz, Fie, FBRICREREROFEYE% k3

e
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5L, KEITIX210%B XN 174%, hBTIXZzNE
200% B LK 176%, /NMUTIX256%F LT 186% T
Hote (Fig. 51). EHREBIVREELE bIZHTH
OFEETYH, K F2 HRRAZRIEE LR/, Z
OW, HEEETIIRE F2 B X ORRARERE I
KRENI/MRNZR L THRIZE <, RERTIIRETK
T F 2 BFEDSKIRZERCHEICH L CTHERIZE o Tz,

(%) *
70
B selected
60 [ ] Nonselected *
2 50
g
= T
>
B oafb
g
5
n 20 T
0 R R .
Large Middle Small
Size group

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).

(%)
300 T
B selected

[] Non-selected
E3

250

200

150

Growth rate

100

50

Middle Small

Size group

Large

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).

1 e A

5 =

2003 47 H 9 HIT NTEESN LERK L 7o N THETHE
H 555.0X 10° H{KIzoOWT, F4EIH 7THMEL TS
Y7 hrFRy MBI MNY ARy MEEEIZURL
TEICKRFEARZHTERIL, 20054FE 6 H NAIET
B U 7o fE I 2 D TR O A R BIS T X 0 I
INRREAY A REMET UTe, Z OFSR N TR T3t T
102 mm, HET83 mm &HERINE, £, K
R BP BRI e R Y~ by Y I OpiEdn
INY A VX, MECHE 103 mm, BT 9.4 mm & HESS
SN, dWEEIZAERT 5~ b Y I O HN K
INBIEAEETRE THE R D Y, Z OB/ A R
% 10.5 mm, BETEE 143 mm & 1,15 mm L
ETHITITIE 100%EIEETH Y (L, 1981),
KEFEDRRER L OCNLHEY & DIFIEFR YA X T
T B ERA L7572, Baba (2005) 1%/
LW O R O EIZIEFIGELS, 1% T0.7 mm,
2T 21 mm EHEEL, RREdhfR AL (1981) D
LT A R0 B s B 4F I &2 S L HEE L T
W5, RIFFEY< MY Y I ORE L RVCE$ 2 &
FRB 5T, KA OEERIITRETH 5 05,
LR OMEIT W NTHIZB W TIIRRERE THK
THILILXY, 2 THRAB L OEINTE, AT
W2 RREEZAM L THEKL, B 10 mm B E
Oz #B LT NS S Z &gk, kit
FHTEDZ RSN LR T,

WA NIFETE O KA H [+ %28l LKA F 2 fEA 1
WK 2 7 AREE LT, RIAKERE & PR & 1t
Bl Z A, KEF2HOHBREWETHER L.
Tz, Wit RA, PRI X OVNRNZRERE BN EE L,
ARERBLOREREZRIR LI L 25, EEETIIK
B F2 M KRR THREIIRD N roTch
DD, PERETIIRBCRE F2 BESEWEZERL,
BERNRRH B Z LARB SN, Y~ UV I0H
iz X BRI OVWT, Baba (2005) 1Z#EEM D
HEH DO FITE ROV < F ¥ I O ESFN
EWV S REOMITBREOENTIIH TS, MBI
EHIZE DL 0T, BEMICRESh TS EHEIIL
Tnd, AHIZBNTREIC L 2B HREIZ L v K
BIFEOESNRBABD BN Z LiE, Y~bhPVID
EEPBENEE CHEZ L 2EMITEF—2THD
LEZLND, HEOREKBERICET 2L L LT,
Tav A CIIHBREREOFE AL L ToEAR X
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VCHE GE®) o2 FINTREFERZTV, 18K
s B g B ERIE O & U T ORARBUTRIRN
BN, SBKERIC X > THHE ICHAaEE
BERVBRA B GHRENEZERTE 5 Z LB HEHS
TR (i, 1984), B#ELERIC KL DEAHEED
HIERHR DO NARFIEAARETH D Z EMFEIE SN TN
5 (fiHH, 1985). W= HMWE LTI~
WX BENH Y, Imai and Sakai (1961) 1XHA%
Mo~ Fa28ED, 3 RIThbizo THARKE & TR
ZHEITV, FN5 A ORI L CHMY:
P ZfTolc & 25, HiFENZ Lo TlRESHB O
JERE, kb O~WIEE, RON - BoEH, V-7
v OEAE, WRENRERY, FRINOHLHE
MOZEIXAR S I fTbh, FlLIZEBROBRE, KE,
7Y a—=rFUEEPOTNSEBO R ZRT I L%
HBMZL TS, B (1990) XY 7T ¥ N LR
ZRWTHEME 1 : 1 ZREUT K > TH B N TR
Tl —BE N THEL, BREREICEEREDENZH
Rl 25, RERHC L DREDOARE AL, F
T DO RY & O ZITBUR RO R OB AR I X 5 b
DOLHRL, HEHOBREKIZEZmEERBEEZETS
FEHVEH O REMEZ R LT, ] (1992) 1377 e
MRS THRAICREORY, WbWw2 MED |
B GBHEE IR 2RAL, ZORLLEHITRED
KAl Ui es 2 e EE L L 2 A,
FIEORBBEOREEITAR 180 pm U L&Y,
J% 3 D KM DS IT KV EFERER D LW R D
VEHDBHER SN TS, 7Y B TII=Y 77U ¥ Gl
AR TOAL, TR X D i bh C V3R 1 A P ft
I C R L, AT L Tz iR 0 RO 0%
HERRICH D M Te 72 EHATUEE A FH 2 5 F8 R LB
TEIZE-TWD (kAR 2005), ARGk~

ho PO THEBRIZ, REORWHEZEE, K
g5 Z Lic kv mmbkEHEEHT 5 Z LRETH
Y, HRERENRD ZEICIVEEHENRSLITHED
aREMERE 2 b,

BHUTHE > TR Z DB B DM EIT OV TS -
FHEOERE - [REE R ETHERHD (B2, 1978
ek A - ek, 1984). Fujio et al. (1997) XV > =2
T A TG OHEFHRAIC BT 2 3BIR0E R D
PRS2 L2 HMNIT, AR IS bR
LT, ZORER, BUREE OB I K 5T
IERDEL T BB SN, BILROEmNHT~D 1 BHOD
SEINTAL I LR Ues, 2 [HH DR IR

B SN, 1 E OB TIZIL R DR EE L
DEERWHHL, 2 HHUETH®EM Lz, Z0Z
EMB 1 [ HOEIRTOMLED EFIFA~T v v A%)
RICE2b0THY, ZNLBEOERIZRIT 2 MLE
OWWMNTERHEIC LD EEZ BN TWD, iz,
5 (2000) 1Tk DE, BEMAOERHERO BT
WREIEAT YV (TATHY) % 2~6 fRHDFEHE
H#545.6 fAMICE - CHEMBERR L 25, it
REERD ZLIT~AT e BEEFRRIIREKTL, &
LRI ER Lz, Z OB LB HEX FAO
(FEBGHA A L2 RERE) D EM 23S N LR e
BN CRIZNZ MR T2 2 L 2 BN, #MiFr
FTAREBOBITOWTIRF L T SRR A4 T
1% 500 BLE &5 (B0 - =AY, 2001) %
LTWedhoo, BEIREICL VERERNEE - T
EDLEENGEPBERINTNDS, Py
B LTI OBIT AW 2 8 H L, kAR & atfs
PR IC BT 2513 <, SBREHT 2 881D
%o Fio, —HCHHEAIRY & U TRURT 2 DO Tidk
<, REEREi~o®iaiiik L, & FR#MR ik
LEREM D 7% E OFHESTEDFEITONT HMFHS
DENRH D,

FVIE KREmE

AR A HEE RIE) AR B LA FRIKRRITAE R
T Y~ NP AR Iic N A A e
5 EHME Ui, HIEORN A BERAN 233 2
Te®iTiL, HHIizuts &3 2 oL hHainiEL A
TREINTAFE M A WAL T D BN D D, E T TARIIZE
TlE, ETKREIIKRICERTDIY< oY Iizon
TR & QR BB DZEAL & 2R FE B O FLFR 0
BACZTANT, ZORER, KIE)TIEIMERE & b ik
IS L OVESEIEEUL 6 A RANITIRS 7 H RANITH T
TERL, ZosEMiicasicigds Lz, EhiEo
FRRIE 7 H BRI o BB T L T
Y, HRFRIFER L O A5l FHEEL D BB I8 A 1T R
IR L oIz L5 b o LHEll Sz,

wIZ, NTRENFARFMEEZHLMCTHZ EE2HN
12, A OKIRGM & MR D EEINED D A
TREINGHEIS I RGBS 2t L, 7k 25°C, 5
5 psu DM TRS S S DENNRAZLND Z ERHL
Mo, EHICANTENRERREAZRET D Z
EEREMIZ, 7THA~8 HIZhF CANLENGESZT-
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e Z A, 7THOHIZCATEINZET- BT BWTE
BB D <, 10 ARICBIT I EEHHE coL
BHEPMRDEPo T, 7 9 HHitkE TIXEINER L O
BIEMBBBIER DRl Z b, RKEF)IKHR
DY < Y TR T N LR R REITHE U 72 R
fiD TR SN TH 0, MRERHH DR D T
HETHAZERWHLNE RS T,

TR 2ERE DR RAIZIZB O PR 1T X B PEB D R
LR TH Y, REOREAE TH KRS TR
Hop#a T SERBOEIME v sz Licko
THEHOBERAMEN L 25 Z b Tng (kk
K, 2005). FRIZARNTIXEEINR I IZ B8V TR IR
BIWEESBREICH D7D, ARWZETIIEINE X
OREBNTERIR U7 i I oW T, 7KiR 3 & O
FHENIT & 2 pRBVIEERN SRR L O R H O FE&REZ 5
MNTT 2 Z e 2HNITHHZIT>Tc. £7, FEINHY
BHZERIR U2 H % 12~30 CORRBKETL # A
MR A EE LRI e 2, AR B0 X O EE)
BeZe, E2E 1 OERB O NTHEINED b B /KT
X B BMRIERS R A MG Uiz, ZORE, BREHEIER
TIIMET 25 CR LIV 30°CT, HETIX12°CB LV 20
CTENEN 3 EMBR IO 1 EB BN 2 M
BHRHI, WHETIXAEHE TSR ISEATHNDZ &
RSN, 5T 1 EMBICATENZ T &
Z A, FEHIEOTFEMETAIEDEWIX TS < DREN
MHELNTC, TOZ ehd, BEINEARIITERIT L 7 1
TIE 25~30 CITEHITHZ L1tk v, DM S
NBEZEBPSN LR, — T, HTIH12CRX
O 20 ‘C KK IR TR RIRECAS G NS B @R A3 F &
N, BTOEHRETIES A Hyrsdh), 519 H
AN TR IS M 2 E o AR 8 A Ue, AL
BR2AT 5 BRICIZREME O B N RCRS R 23— B L T B &
ERRAERTHDZ b, BT ClHEZEFHE
EHIS B BITIIKIE & 20 °C~25 CIizd 5 Z L A3ae
THEETHDLIEPPLNE R Tz, SHIZEMILE
B 5 Z & BMNIT, BRERHYZ 2 INRE & pehikE
ICHY, RARITH D 6 H EHh B R7e 5 /KIRBR B
BROKAMZE X BB T2 » AMfAEEHL, &
WSRO HERS h> B IR ER T2 ET LTe, 2 O
B, KRB &R U RE RGO 25 CTRE
LR, SERB»D 2 » AR THRAICKkiR%E 25 °C
W LRI RE, WMERBTS 1 7 A TRAITKEE
25 Clz L5 S VB, Mk & b I ABIEEE X
OAGH IR L S IINE T, e ERDRITA DN

1 e A

Mole, ¥lo, HRIFMZFEL, RARYTH 5
HEECHE LTEHB I OCAERHR XV EH~OBT
220 O HEUTHEME L e o T h, ML b2k
WEREEECR K OVERR AR & IR, R
RiFAH NP> Te, RICANLHEINZFT, FEIE L
24 [Re[11% D ¥k 5 4 D A M 7 & h B HE R R 2+
MLl Z s, EHHEY 1ANZE RV T AP
L 1~2 TR A ITKiRZ 25 Clz ER S E T
TECHENENL L, Bl EOEBEE b hoTe. T
DT ED, FEIHNTE ORI ERER UK IR RS2
Tk, RIROENYE Y RFNEETEDZ
EBRPBLNE 0T, Fie, REHOEEEBICINT
fAE K2 A BBRE TH DMK ZHNTNDS OO,
FIF SIS LWEBERE TH > DT LT, 7
AWANZERILL, C. calcitrans % 2 HRS- %2 TERE L
e RS AT O TEIC LA THRFEEIR B O WA 23072 <,
NTRESNT X 2 BEINEE X ONRE DA b £ o
oo TOZEND, NLEHAEIZBT S RHOHE
TIN5 Z LN EETH D Z ENHL N Lo
Teo LAk, FEEAEORHRALZ X B 72 ITid i
RO RYULITE R R TETH Y, R CIIRkAM
2B O/KIRFHETF K O A BIRRET T K 2 etz SR
FRBD BN o T2 DD, FEINHIHIIA S DK
HIC & > TRADRMENFTEETH V, REH OB
& U TI M RE oD JBORS T8I %2 W] 3 & & 5 Te D Ik i %2
20~25°CE L, EBHEHANREZITS Z & TR
DEBHENEED ZERWALN LIRS T,

WIZ, NIPEINT K » TR b Tcigilish A3 L OHE
HZEWEYNCERT 5 icid, #IEREORE, Hik
BLTRIZOWTHL NPT HLERDH D, HFHOMHE
WA TIRSIERB LRI LM 7 Z > 27 F i
EOBBELRH LERAKN SN, HEEEOREK
kR EofAMEP#RE SN TS (FEK, 1980 ;
Helm and Lang, 1987 ; W5, 1997). AR TIE
TS A8 X OWIITHE R i3 2 S 7 ARk o Fi A,
WEEB L CERZHLNTT S Z 2 HNIZ, BET,
WMAKREERE, C calcitorans, C. gracilis, P. lutheri 3 X
Cr7ulL 7 %5 2 BOEEBEER L OEEREN OB
Alle, £, NLEFHORESDEITHL C
calcitrans , JEIET R X O AREREE 52 22 HEY ¥ —
LCTEHLIE Z A, W TIX C. calcitrans %5-Z
TR TR E DR < 72 BT O TR BN K& < 72 B 1H
FBH BT, MAREER:Z G 2 T IX TIKE TR 8%
M <, BELEE X XTI AKX & IRIEF R
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HHETHoTe, ETBERETIX C calcitrans B IO
WA Z G Z T X TR <G ATsE, 9 HHT 100
%ERL, MEEEToTFPRRIBE L, T0LD
IR RN S C calcitrans 3 L O AREER:, HIEX
MBI C. calcitrans D3RI E L THERITH S Z LA
L klroTe, WICHERBLOILKRI L OFEE RO
BHHEZR Y, 100 € D> 54 Mk#EEHWTAT
FE NG H Oyl gh A4 1,040 X 10° i Z LA LT C.
calcitrans , JEFELB L O KRER LG 2 54 HEHE
L7z, ZOfER, HEERETIX C calcitrans %5 2 T [X
Bieb i<, FBE CIIMARERE S X X2 D
KREpoTe, ERAAIMEL L R AT OV Tl % 3%
CHFRE L TR LI Z A, C calcitrans &5 %
XIS EhroTe, TDXHITC. calcitrans 137 <

oY I NTHEEHITH LT, FESEPLEER LD
Y 2B T 25 2 280 & L THAITH Y,
FRES) 1,040 X 10° AR T 2 » A 85 O Mif, 6
BFTAHAZENARETHDLZENHLNERoT2, 5
TP ESN IR 3 2 St 72 SRR, iR R LR
EIHORIREH S NZT D Z LR HNITHRE 21T -
Too NIGESRIRH OGN LT, C calcitrans,
C. gracilis, P. lutheriB8X U7 0L ZZBMBIU1:
| DIRAEMEZR A DRETYHZ, 16 HERDOERES
KO3 R G IE R T 2T T L T A, C
gracilis & C. calcitrans DIREFGE, C. calcitrans & P.
lutheri DIRATEETCEBENIN LT DEMBHR DN,
EEREPEBRRIZOWTHEL R CIFRE LTH
Wi L7z & Z A, mligh s 1 ERITe UkotiZe el 2,
BRSAECIX C gracilis THAEER 20 X 10° fllfEg, BA
KBETIX C gracilis & C. calcitrans D54 DFGEE R
5~40 X 10° fiifid, C. calcitrans & P. lutheri DE D
FRETENE 10~20X 10 HIfE TH D Z L BPB R E 2>
Tz,

WU E TlE, BRSO m A B e &AL
REFEZ RO MR 2B R T 2 2 &Pk
DD HED—DLHEZ B, HEOMEEEREIZIBNT
DI L RO R A 5L & U TR B RNMED ST
% (O, 1984 5 FfH, 1985 ; Fujio etal,, 1997 ; Ji,
1992 5 /MK D, 2006) o AFFZETIEY < k¥ 2D
W ANLHEEH ORER 21772 - TEBR IR b e /]
ZHI, FICREAR B TER LA LT O KEE
AR LR L A OB ERERGET D L %
EHIIZ, /N A RORERRR L USSR IO
THRET LTz, &9, NILEONIC X 0 LIGREEH C

BH e NLREMHEE 555.0 X 10° f@ikiconWT, 7
Ty by MBI MY Bxry MG
U CREE S 7 Iz N LB LRI 23840 L 7z,
NTHEH Z T 2 72D E D K& S &M5
NI B T & h B AFHE ORI BIZ I X Y /)
WY A Rt Ui, ZORE, 2o N LHEE O
AT T AR A 3B S 4, i TIEOR R 10.2
mm, FETIE 8.3 mm THUADSIERE S, AN L%
T B BRITRIRT 2 /N A ABHL L 720 T,
ZDXol, NTHEEZEEHEMNTERL,
DICRIRBIRZFIT LU THRR T2 Z I k> T 2T
L, 3T ATENSEETH Y, BEH 10 mm
YL EOZERI L NTREINT 5 Z iz X o THMUT
EDHZ LWL E RS T, WITANLFEY O REIHI
LRl UKRELER F2 2B L, #92 » ARERK
L CRARER & PR ELIER LI Z A, F2 R
OFFBEMETHER UTc, £/, Witz KR8, hilR
TNz RICFRE L, ERERIVREREHT
MLl Zh, EBETIIF2HE KIS THE
EIIAD NPT L DD, FEHBETIIAMT
F2BERRVEZ R L, SBHAIRNRD D T & 2VRE S
N, 4k, REIOERNRZEZREVIRTZ &2k Y,
T IR 2 A T & D WIREME AN B U IFSE D ke A3 F
ENnb, BEITHES TR ZBEHZEOEEITONT
AR - HBOERE - liRERETHERD Y, Y
< bV T L TR OBICHW D BEE, fk
% &R IC BT 2 85 I3 B Th Y, 5%
i3 2 BERH D, RIFFEDOR G & LT KK %
T, 2~3 I —EIT KRB ENSRE TS D
OO, EELUHERIX 1 EUNITIZE A ED3 R LR
MENRL72oTRY, ZORFEERITIATE SINT
W5 (4H, 2006). F7AREIKSR Tidfbitise v
<~ MU I OBMIEEZToT0d b 0D,
BORINTIZ DR > TR (EAR, 2003), fiEo
T THERR L7 AT, BT cldZ <
AN E LTHEHTZERBRTH D, £0k
WOITIE, KIRBRBE~O®FHZRG 1k Ui N8 2 i
LB ER L EDHEKRFEOFHIEOEETH S,

HAr (2000) 1Tk DLV IRRBITHMEETHD
Tix, () BEEOHIE, ) #FE - #MEHIR,
(3) MBI AW, 4) EpoiE, (5) Kif
HOERE, HERHEOHIR, (6) FMXOERENRDIT
b, BEOBRZHIEL TID X5 REHEH 2T
5T LMY Y IBRERHET DAREN ARG LR
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Tnb, RIFTIXEFRRHEDTDIT, WAEHERTIR,
PREEIRIRRE CREIITIX 5 Avhfas 7 Addg, S
VTR T ARG 10 AER), EaXokE (K
DR, /27 BT 2 BEXIE OiRERG) %
fToTna (B, 2000 @ didt, 20000 Hoo, EiH
BOBMNTHE D205 T, R & W Lk
TR Y BREIE M RSk R TS (4
Hi, 2006). ZEaibIf 2 5%E 3 5 B0 B ik
ROFAMEZX D FEINO D OHEEAMRHEITHY (R,
2000), EHZEOREINENCERIERGIT 2 Z & A& IR EIE
CHEMEEZBND, RIEOY Y IEETIIEIILIC
HEEL TV D D, T OWIRNTHERIR A S it
WXHAEEERLI A TRICRD EEXBND, £,
et 2z & O TIIAFITHRE KT D v
U IROBEIIAWREL 2, FERMICERHIIR & e
5 (fPff, 2000). 3 (2000) 12k D&, deuEEiE
ETTORMAR 8 km I ET DWW TOY~ oY
S YERL IR 38~45 412X 15~40 b o b D
B3, WEFN 47~50 4EITiTA) 3 D URTR E THEBIAA,
R BREE DT DTN H BT EFEIE b Hd e
Zehn, REOHEHEMENNOBEL, #BEWN
CRIMIE 2w 6d, B2 & 4 B i Ep g
AL TRY, i<V I B EmL b4
Z (11~5 ) ITHmd2Z itk » T Mo
LUA] ELTOT Ty NMEBRRIIL, R4 TIiiffe
BRLELTND, REB XAV TH AR
WG T B e D EZRIIR T RE AR IC 72 B, L
L, KEBIOCAFHIX ToORERMMEIE, 5
ABHEMERT XSG O X 5 1A WRIT R L
TV WB B E AL Tnd, ThbHo
Faak 2 ihH U CRRERICED W N T 24 R &
V&£ UBEICHHTEIE, BRERBICESTDHZ
EHRETH B,

Db, A TIE, Y~ bU P IONTHEEEER:
MizBIL, MRDOZ Lirotz, NLEINSBRIESL:,
AKIEIZ & 2 AR R, REH O ESM: OB X
O, FlESh IR L OHEH A~ RE 1k (G,
RAKRE, B) 2MbClk, &HIANTHET K
SREREE TR LRI H O 2 iR L, Ry iz X
LB ERNROREL 2R LTz, 5%, Thbok
WM R Z2 IR, WIIEEE oM E, IR O IE
b, B EO KRB ORI OMERE, AT T
X2 BT HEORFBEEEHEMET S Z LI X Y ZEMNIT
KEAHEEIND Z BRSNS, T X5 kRS

1 e A

FEEAG S SR D Z itk v, BFREESRIAEHN
RONHIBIT BN T, RO OIRSERT B 5 Vi
BEEARTRER AT WIN 72 S iz N TR 2 i 5
Zlicky, RRERORHE L BEZK Y >Oia i
BoOREIEHEICEHIRTEDETHS .

AR TIEETRENKRITER TSIV~ F P
DEFEIIR KON LIRS 2 S22 5 H
) TERARIR S & OVERERIER DAL R K OAFE R D
WP HHEE Le (BT, RIZ, ARINCERY
Y=< b U I ORMRINEAM 2B T D Z L 2 HIY
Iz, JKiRE K OSERI 2T L /e BB Fob & T,
TRRERR R, AEREHIEE, T OMEBIRER KON LE
PR O B AR~ T GBI . #WT, NS
IZ &K o TR BN IBES R JORIHIHE RIS 5 %
R EDROREM, MRENERB X ORZHONITT S HMN
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