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Population dynamics of a pollution indicator bivalve, Theora lubrica

Hajime SAITO ™

Abstract Theora lubrica (Semelidae, Bivalvia) is a pollution indicator species in Japan.
Whereas “present/absent” and “abundant/sporadic” has been discussed as environmental
indices, the process in which the bivalve predominates persistently in eutrophicated waters
has not been fully understood. The present study elucidated the spatio-temporal patterns of
the population in Maizuru Bay, Kyoto pref, Japan, and the relationship between the patterns
of the population and environmental variables were also discussed.

T. lubrica abundantly occurred in the shallow innermost area of the bay where small rivers
discharged terrestrial water into the sea. The population density showed a regular annual
cycle. The bivalve abundantly occurred in spring, and decreased dramatically in early sum-
mer, not simultaneously with hypoxia. In autumn, the spatial occurrence was restricted to
the shallow innermost area, and sporadic survivors would function as the seed population
that triggers the annual outbreak of settlers in spring.

The histological microscopy supported previous observation that the smallest shell length
of mature females was 5 mm. Mature females were more frequent in the innermost area
where more POM were supplied from the water column. The stable isotopic analysis esti-
mated that diets for the bivalve were primary marine products. POM from the water col-
umn may be the crucial food source for the bivalve in the bay. From a numerical simulation
on the budget of the POM supply and the metabolism of the bivalve, it was supposed that
middle-sized individuals (4-8 mm SL) might suffer from food shortage in the central part of
the bay.

The survival process of planktonic larvae was calculated with a numerical simulation in
which the temperature dependency of planktonic life periods was considered. Assuming
that larvae were passive in the flume and hatched continuously, it was supposed that many
larvae would be retained in the water column during cold days and settled massively in
warming days as observed in the field, only if the larval loss through the water exchange
was extremely small. Larvae would be hardly retained under the realistic water exchange
in the bay, 0.07/d. Further assumptions, e.g. the active swimming of larvae, are needed for
the larval accumulation in winter.
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PEFOBGERWICHETDH Do TR S0 2 KB
ZFEOWNE - W TIE, BEREBRICI YRR AR
FALEORBEMENIEL, BAREEREEZD2H
LC&7z0 WIE - WIlRIEUE, JKEBI O 4 B3 K
OCWHAFOREY & L CHEERSEEHZ R/ LTBY,
HIERIE 2 WU BT 5 2 &3 FR I K ORES
WZE 5> TR RAZETH Do WCKOWITEH 725 13
Y L A ORI WERFEIL, M2
Pearson and Rosenberg (1978) (xdbfkod> 7 1+ gL K
BT B8V TR R T E LT, HRIGEIC
PE 9 EEAEBAR O BRI O W TRRFLIITB R TV %,
F 72, Grassle and Grassle (1974) &, f17lii H St
BOKA B REE O BR & M IS B OAN
PHRHE DO WTEE L7z, bOETH LS o
ARV OTEARME S 7> & I R B & GV 3 % A DS HE D
L, WL OQDFEAEGAEAN & L TREENT
&7 BRFEICE 5 TRBKOEMRFLIEI 5N
BRTRI/INLEHOIINLZAELT (AR) Para-
prionospio sp. (type A), 4 T H A Capitella sp.1 %

s
N7 IHAR A D Y X7 4 Theora lubrica
o 2B ST A EIN AR SN, THRREEA
W L THHEINDLIHN I ho720 LHL, TIHD
EYDUAERLFEOANREL LTHEHSh, £h
FNOMORGERMER) Ny — > LB - AR
DEDVTIHRERELZFMIL L9 & T2 A%
Vo IYNAKZRESF (A) 12DWTIE, Yokoyama
(1991) DSAEIE GLABKE) IS8T 2 BMFEARI &
LN EOIMAREME & OBFRIZOWTHI S IZL, 1
b T A AIZDWTIE, Tsutsumi and Kikuchi (1984)
J O Tsutsumi (1987, 1990) 12 & o TRIEEEDE (REA
L) 2B B MRTEENRE & 5458 5 — » DFEEALDS
HEIZ3NTw5, L, YAZHALIZo0n TR
TEARSE BE O ZEA TN b 5 s #IWTge 1% vw—h,
AR AR O 2% [ R 2 2 AE SRR I T IS S 2 3 T
Chdrole. KmXOHWE, A7 74 BIREEOR
ZEEFHRZWS2ICL, EREBIONBIIBIFLAR
OB O VW T2 & TH B,

AT AR EO R D PR 2TV, SR 24
R OB L NS S OMB/ER 2 LIc Lz Y A
T4 v IR THD, ZOWGHTHREADOREIZ, LKW
VR OBRIRIZ X BB Z T L L72GE, RS
EEEHH O FIII UL F AR AE AR 7 1208 > THR 22 HE
T 505 BENAE KD IZ L7225 THED
Pz o, MRS EFERRINE T %2 Bl 728546 1300%
HL, MREUTERENED KICHETSEw) b
DTHb, TIHh5, MacArthur and Wilson (1967)
3 2 R BN R, — K ORIUREEZFRIE L 72
Pianka (1970) & »#R & K #RIZO>WT, L,
TAEES A4 X, FEN - FRRSES, Fday, HAGEROK
OB PO LTB Y, WA 2 7 S U0H 135
T, FWIEE LN, NS A X, AEJE D %
FE Vo R E RS, RS A4 XIEBRBINA T &
D LML RV TRELEETLEENTNS, TD
720, BESEMEOEMIC L - THREERNIE L EHT
LIERBBGIIIBWTEWAEDZRT—F, AN -l
OB L THERL e SNTW D, TONRGE
WZOWTIE, FRIC K EPUCBIFR T 5 A0 S A 1 A3 E
HRHEORBNAN IR L TELT, E8 KRN
PLFTLIGZONZEHFERDZ-DICL DL L Ok
PHELFTELILERT b Cld%L, 72, BHR
BIUT TR L NV TRz 5 &, B LML
TERDPED L) IS DITOVWTELET ST
PHBFRTHLZ hD, Hiihad X571 v 7T
3L, XVEMLEET VAT RETHEL LV
728 A ST b (Vandermeer and Goldberg,
2003) o
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Grassle and Grassle (1974) 1%, #¥EICBIT 58
i O BHHERE 12DV 5 720, H AL op-
portunistic species Rt 2 FekE L7z, EWWERHIIIC L
o THIAE BRI CHERAZME 5L LA-mT, H
MBI 7B CTHLEVZ D, L L, ZHBO
MBI U CHIHER DS S AR DTIAT 5 72901213,
AN H S BOF G EDFIEL T RITFIUE R S
3, HFRAIREE, VIR A ke 1Y 75 it
WEILFHICDZ 20 ENRE L TWE.Thbb,
HFD ARG COE 20X, TR 70 JE AR AR o AR A 85 1
EHEARDOIBUIMA R & O\ 72IHHEZ T &
VDKL, 7 — KBRS EELEC O AT
4y 7 RTIE, MEREESRE 25 EHERRICL -
T ARA T 2 PSHIY T — e AT 2SR & 7%
> TWwb, HHRMOWE, RN REENRIZE -
TIRAMRRD AR RIS N /DT 5 2 & DD
> Th, THEHHEmMITIE, THITK - TR
EBNWATHEIRLV, 23 F0 X747
KICHEBEBEL 7» - KBEBIURHL L, B2 AR
TR & DBV, HEOMASITRARN i 28
H5o

AR D & O S MER R B & J4E b T2
LIFEDEOMARIC LY, AFERILIC X B4R LI
Lo THEAY LI N2 BRIV BE R R L, Miffic
AL TEREZMETE S & L HMAERSNZ,
PR AR B DTG RIS B W T T ARl A E L
TR T s Nz, BIETH » H0EE, BAIREE, 5
YRR % SR E AR LTV DmENEL V. L
L, HaficBnTd, WHEEEOFHIMAIZBERC
I DOTIRR L, HBABIIBT 2 EAME KOS
i B MR 9 2 FiA3% < (Zajac and Whitlatch,
1982), FiaFEDOMEMAREICE T 278 CilE, RFHEA
HOBMATr —VEZETHIENERTH L, KA
By OARETIE, AERREENRE R REALER o 3
ELTHSRRMAEL Vo 2RI 2R BRAEH &
NHZENREholze &AW, JKAEY ORI
TEENE LTI B 2 AU B O HEED TR
3, FEDAE DR Z2 MR T X 5 Wik dsE:
H&EITw5 (Lewin, 1986; Underwood and Keough,
2001) 0 F 7z, PRAEWEAN R & A By o 8
BEHERFBERE LSO W OB 3 B B8, WIS E B 1 v

MU= R EE T HLENNH D LRES LT
% (RS, 2000) 0

BE O AT T, b S R BHEIC BT 5
TEARDREZ X o TRFTEAEREDER S 7z X & iR
HogEITEH XN Twb (Hanski, 1999). # ##
RDOZT T L % 5 sink HAERETIE, AEE2SOBA

DT USRI A 5 25, BEMEARO A #C
» % source AL L OBAND L7120, ZOAE
WA D FARBHEL S AE SN S L) % L Offifk
PAEBL, ARO=y Fh o/ N728112 b sink 18
RBEDHILT 5 2 £ 5B %5 (Hutchinson, 1957). H
F AR Tl source 2B & sink A B XX
BT <, HFAIRAIZIARRR 24D R L 2255,
EMFLRCMEH I e EOBELIC X > TRk I 2—
R B2 ) A S SINT VD, LA LA
5, TITIIMERE 2 RAEMICHER T 21 A L LT
HEYIIALETH Do MHETIZEAEY O LB
W EIZ o THEILSINT WD Z EDBL WA, 1k
5 DIFHELN A H353-H03 % Hi PRI L B R O 55 Ai #iPH & 0
DIEFDINICTKRE W, Lo T, HEMEZHESLY b
T—27 L LTOXAIREREEZRET S5 01X, FilEL)
HEOFEICBWTHH L D SBROBEIELEL 25
E97%, Y RELGEMAT—VTOREEFR L
LTI 5w, NEICBWTES T 2 Ha kR
BRI R L T A, M LRESE R S5 1E
PO FHEIPITE RN S HITKRERA T — b
WA EEZ BND, Wi, S OFENEOBA D
EZONBD, A YREEICBT 2BIET ORI TIE
%<, T s E AR O 2 HIW E 35 7
51E, =2 DOBEMNIZBIT A source A H MO FTFE, HiH,
ZLTRBRERIZOWTHONICTEZENOEFT
HREPZSHH, WHMO Ry T =710 THENT
BHEICH, ENENOIEIEEI BT 5 EARREHERE
B S 2SN TV DL T EFNRE R DT, &
DI BEETFIRIIRUTHLLEEZ DN,

WA, IR T AMOSE T D, BRBEBES
SFRBEIE O AEHEE mitigation 205, AW o4 R,
EBRBE DRI 7% Al & % B 591875 restoration (Z B3R
HIE ) 225, LarL, FHEFHOHEFFHGA
LREEEMBEOFBRIMICN 25 T T, EWREEZE
filis % ikl HE TR VWEEDNE L, Fl
ERREOGBEI 2R T T 2 13V LTy,
KEITIEW L D208l k2R E SN TB Y, HEE
DHEIIBVWTHH SN TV, LENL LD,
AW CHRME - &R 128 > ToLlBIREOE
% % A WIZER T 9 %5 Habitat Evaluation Procedure
(HEP; US Fish and Wildlife Service, 1980), A4:#ff
L)V N OME Z B & o EIZ BV TRl 5
Index of Biotic Integrity (IBI Karr, 1991), #JERYE
FOMAE AN O ETERERGE Z 59 % Hydrogeo-
morphic Approach (HGM; Smith et al, 1995) 3% 5
NS0, M OATEAMAE RS L IHHL,
FHfE 7OV & X R AR D BRET IS & D BRI
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7 OIX HEP TH ), 7 — & FEMiICRER & #H 28
PRBCEPPbLTERDECHON TS, WE
WU OB & ST 5 T34 < Zvas, IBI
7* B k4 L 72 Benthic Index of Biotic Integrity (B-IBL
Weisberg et al,, 1997) T, @t - R £ -

MEE L Vo 7o F )V FRHYREM O BV, MRk
W BT B AR BN O SRIE S 7 EASEHEITE B 12 &
INTWwb, L2L, ToFER, BfFETs4E80%
A & o CREEICEHIE 3 2 1@ LT 595, F
KOKMIZONWTFETLHDOTIE LD, HER
8] D F FFAMG 2 A1) 55 B AR & O B RE~DOHIKIZ A 72
Vo BEARELAHEST L - NEIIC B W TR BEE H
T HERTRT BT, EWEEICR DL 2 & X
— V% 5.2 2 BIEF KO BN % L, K
JEAE BYY O AR TEAE R IS B W CEHEE R &EH 2 75
JEHEH refuge Z# W KEHL, 0 X ) RGHTOR4E
RS ARSI TFE A BT I LT NL, &
o, ToL) I 2% % RPN 7 biotope
TR, Bkt ez G L, KAETWTFE
OME = RAET 5 source R E LTHREET A2 &
PR ESND DL TH D, ZO2DIH, ABEIIBIT
B K RE R B O IRF 22 R 22 B O i & AR AR B AE
EPSPIZL T BEDRD L,

RIFFETI D ¥ X7 H A D X9 G Rdg g,
FOMBAPBEMNRENR 2 5.2 %25, W65 )59
ATEIERTIEHES R4 —RNIC L 2B TEZ WO
T, BREBANBIZBWTHE S ORAREHERICER L
TWAEINE, & LA ZOBREDSRIBAIZEEHL S b
RETH 5D, LWL K ATEYSAEATI > T
WHIEEANCZ T IO 5N BERETH LD, M55
PRI 2R T 2 I Cldde <, S OMARR:HE
FRIC & o TEERIGIN, MO MRTEAMERC b Tk
T LRSS LHEINLRETH S,

DX AT BEITHR

DVEENCBIT LY X7 WA EEREZ IR L L7
JE1E, WEBBICB A~ 270Ny b ABEICHET 50
F T E 2 didl & 9 5o EHME=RRIE, 19404548
2L, BARZHMOMSHEICBWTIZ7uXY PR
BEDOIEBIREZ T, [NEE] L) RELRE
L7z (Miyadi, 1941a; Miyadi 1941b; Miyadi, 1941c; &
Hoo- B 1942, =Hb S, 1942; = HL S, 1944a; B
5, 1944b; = Hh &, 1950a; = # 5, 1950b; = Hi - %
i, 1951), AMIINEBERIBIZBWTEERES N
HEMAB A D N7, BONBEZ R T AW
ELTHEDT Sz, it & 2 odLmpi7Es 121960
AEAR A LIS IS KIS BT B~ 7 o R v b AR

e

WCHET AR LT, REBEIZBWTKR N FFAN
A Musculista senhousia & > A7 A BMEEL, #%BE&
DR IEDE L WEHIEH 2R I EZHLIIL
72 (Kikuchi and Tanaka, 1978). # & Z @ H[Ff5E
XA REONELAZ Lo 72 H AR O N3
WHEB L, HPEOIE TH 5 THHEE (B,
1978) - fRE UL /NEE (Hayashi, 1983) - & - I 0
& (Hayashi, 1978) - AJIIRLREE (K5, 1992) 12
BWORABWREOPAZ H N L, HER 2 PRI
TYRIHTAPMELET HZ L&KL, Kl (1995) -
B S (1996) 3 RIGERAE L ZHBLH s T~
7 uxXy M AMOTEZIT, REIERFIZB LT
EEECTHETA I ERR L7z, P - ATk (1993)
WEEAEE 2 MBI B W RO A LTV,
FECE S (1944a) 2597 - 72 O E & K
L Tw5, Imabayashi and Endo (1985) %, &l
B2 0E OB Z BREMICHE L, 196845
HI98I4EIIAT T, AFEOHRIRBAIINL 722 & 2R
L7ze F7z, KB (1998) AR I MiEsic B 1)
BIEAEEWHEMAL, AMFIARMEEIZEWT
AFEADMEL T AT L 2SI L7z, HEE O
T, /MBI T3 O J A58 T R0 L= )HOK BRI
Bid3 o N8 (GOriEsl) oMo Ao L
Tw5 (AHAH, 1981). LLEo X ) Riffgens, &
T E R OMEST L 7 IGHE R I B v THEE S
L, BEROZED G A S NAGHNIERIICHEY
HEMDH L EIRENT WD,

RO AR EIREZ B S 20127 2 720 I ARE S
KO A AL DOFFHAE IO WTHEE L 720 o
Wrgesl & LC, Mukai (1974) 2% £ AL 50 C 17
o 7oEMIA L, 45 - i (1976) & Kikuchi and
Tanaka (1978) %K ¥ T1966~19684F 12 £ fifi L
TBIRENRT O N, IS OfZED @RI,
AT DR REE RS FH A A SN2 b 0D, K
AR THEA SN2 Z & TS, $512 Kikuchi and
Tanaka (1978) Tid, BEMKIIFEMzEL TH F
0283, NV AR o 3 BN A A AR R A LT
BT EMRENT, AMIIHMAI~4 5 H & HdH
T, P L BEEHEO—IZFEERL T L LHE
AbNTWw3 (G - |, 1976). —J, #lkHS
(1981) 7%4% %3, Imabayashi and Tsukuda (1984)
& Imabayashi and Wakabayashi (1992) 7% % i,
kR (1989) 23R & 3R T1T - 7o MR AT
W, BEEICEARFENZEAERESI N o7 20
&9 MBI OE VL, FIHTIC B B BB
EWERMLTWAEEEZ BN S,

PSR 22 B R WIS ClEE IR S BB FE L
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LT EHBLNTWS, £ (1993) & Tamai (1996)
&, Ao E K OTRED AT I E R BT+
L, BAERFREAL3mg/L TIEH I X 5 BT
ARG EIC D00, 0me/L 12 %5 T TA
WM TITAONL W L ZFFERNSHL ML
720 LA L, FEBOWIRTIIEII RS EARFEAZE L <
BATHI LD, MOBREBEREOMEMERIZLD
ERDBE L %50, EAFERE OGN E AR 5
HENTW2720ICB SN D o720 D0, HEE L
Tlmg/L % T3 X9 ZIFFITTRERRFELANE S
STVl ENEZBbND, EFORETIIHHAD
ANy — P RTNTEAFRAIRE L L THBY, HE
EHEOHEIIIEHPICASNL S DD, BRI
WELRT T2 TIE, HEBRE DL IKRT S
EHUE XN Tw b (Imabayashi, 1986), AKfED X 9
LM OYE, Ve < & SRR O — I AE R
LTWwWaZED, ERFBALLANE - WIBEROHEIK &
W) ANESE T BRBE Sk 0 v CEREE A& AR IS HERE S
59 ZTEELEZOND,

SRR - w4 (1988) &, AFEIRUEL A 7R I A
KL > THELLEFL, 20COHFRHETIES ~
10H CTHEKT AR L, 12T CIIFEN M IZ56 HIZ
BRI ERRL, F72, HAEICHBT 2 ERERERE
o, AREOBIEINDAEDIKE ~ P EIcBWT Ny F
RICHATHILEZHLPIC L, EHIC, €71 A
YN NT Y T ERRRIRIRC & o TIRE S N7-HEHE
DI 5, EOFIEIREEFREH21.9% 7iETH S
DIZX LT, BEEITIZ0~81% I TF¥ 5 LHEESN
T (G- 54, 1990). FilE) % fiF 3 5B,
WM 2 ANTHIE T 5 LA F CTRAEI KL DI
LT, WA AN WIRETHE T S & DY)
B ECTL2EENET TICT 5 IS h
TBY (5, 1991) F7z, 25 ECHIL A 0T 3 70 3k
BITHE) FCTHERELRES TS EATRBEINTY
5 (G - 54, 1988).

AW CTIIBARLE LCHEE S, FEYA
P DINS 2 R ARIZE - TS B 2 & THdi
IRTF7zOTIE vt EZ 5N TWw5 (Carlton,
1992) KE V5 (Seapy, 1974; Ferraro and Cole,
1997), 4+ — A b 5 9 7 (Poore and Rainer, 1974;
Poore and Kudenov, 1978a, b; Poore and Rainer, 1979;
Rainer and Fitzhardinge, 1981; Wilson et al., 1998),
Za2—Y—=5 Y F (Willan, 1985) 2> 5 AKFEDFRESH
BIHSHRE STV 525, Bllh 10 R4 R PE K 1T
THERE RS LB AL NV, BALICE
WT b B 2 B & H D ISR EE 2 iESL LT B
WS, MABEDFHIZBII O W T S22 L - # A 35)

RO TWE, TNF TRIEICET 23T,
T. lubrica, T. fragilis, T. lata & Fi/NZIZIRELASA S
N 720 Boyd (1999) %, T. lubrica & T. fragilis ®
TERERIAE IO W CHRE L, oW o IHY 5 H
MIHTT 2 TREDITR L7285 20 & o Tk
EHREICX B S5 Ll RXTWwW5b, R Tld Boyd
(1999) (ZHEvy, KREED%E LT T. lubrica % i
T 5.

$2E REBEORE

Mz ERKTRA

X UDIZ, REIFEORA IR CTH 2 BB, FFICH
BB BIEABY OEBBREICOW T T 5.
PERETE X UEOHF O 0 AREMNCALE L, BB O —HE
BB L TWw2 (Fig2l). EoMkiE234km’, ¥
KEIZ10m, ELIKEIEX2TM TH S, BBEIZREOL
BIOGPNTEBY, ZNENOIEOE R
JEERNNAEAT B30, WL ODD/NTHHA
LTwWb, BSEMARMIZICIZ, HARBRREOWR#E
LTz 035 m E/NE W L5, KD
BB TEREBEPET LTV I EMEHRIN TV
(Ikeno et al, 2000), FEMIITDH BHEEN (U 1F
IKALBLIET) & BEEN GEENKALEIET) ©19964F
12H ~19984E12H 12 B % KA % /% L 72 D 2° Fig2.2
TH5bo WINOKMOE Z T ~R7zE 25, 19984
2H8H~9 H23HDH 7, FDRHithOLIM & ik
LC, MR DRALNT 3 2 EE5)N O KA < 7=
> TWw/z (Fig23). PHEFN bt & L K AL BHHR R
& H-Q B Gy HAREESEER M ISR 2 & 5
FTHIENTE, FAKETL~2m%/sec, BIART
10~22m°/sec L HEE S 7z7%, ER)O HQ MIF A
FCTERDPo0, HERNOFREIZILHIT S LK
EL, IO, SBE Lz, &R o= 37
N D15% TH 5 LRET 5 &, B BRLFZRK
fii (H) &DORIEAASNA, 19984E2 H 8 H~9
H23H MBI WTIZ, 2O ETIEER W=
NS A 2 iR B0 (Fig24d), 8B
ANONERE R E D L ITEE) O i D25% & ARE
L CitE &l L7z, o/NullofEIzDo v T,
PN OFEIIBIT 5 EAE L, KO
wm (BREEE, 2002) OrLRD, Pllho X 51
22 L7201 s A BPE O T KL 5 & O I HUK =
(Ikeno et al, 2000) %%, FEEEENOERKITA R
OWFfEZ KD (Fig25)o FERIITIZI8EL D B
19974E DT ) DSRKDTADE <, B ~FKIZHER R
FEUIPE ) BRI A SN, LIEFMRITIC L DB A
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Shiraku
Riv.

Fig. 2.1. Localities of sampling stations for benthos sampling in the
eastern Maizuru Bay. FRS is Fisheries Research Station of Kyoto

University.
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Fig. 2.2. Time series of observed water levels in two major rivers of Maiz-
uru Bay.
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100
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Fig. 2.3. Correlation between water levels (H) in Isazu River and
Shiraku River.
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Fig. 2.4. Two axis data plots on observed water levels (H) and esti-
mated water discharges (Q) in Shiraku River. Water inflow was as-
sumed to be 15 % of corresponding discharges in Isazu River that were
estimated from observed water levels and the H-Q relation of the river.
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Fig. 2.5. Estimated total fresh water discharges (Q) into the western
and eastern Maizuru Bay.
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SNb. BpA~FIIRKBADPDRIBELTwizE
Wz 5,

EEO%H

VIR~ Z A EICBIT 2367 — 1, ks
B B OFRGEIA L FRECHE - SREL T -4
BIOBEREZGN L7-bDTHb, T3, HEEICH
VF B IR D5 A 2 S 2T B 728, 19954F 5 23~
24 H I BERE AR L IE L 722430 1512 3\ T Smith-
McIntyre BIERJERF (FRIBIIAL © 0.1m") % H w728k
#ATo720 EBREERZICHLREY, —H2HEE
MEET 5 FTO0C TSI TEHEARELRD, KD
2 HA0063mm D55 0WEHwzRREIcL) Vv
N VA EERD I B OWIK TIEERmIZ Y
V7 LAEFEL, RREICE>TEDRL TV
(Fig2.6) o WHRE L D B LIAEICZBVT, YU b
7 VA BB BB ENZR LA, BRETHA
BN LW HPRATEI LD Y, LT LD
YWV VARPEL D LIRS h ol T2,
BB TR S MR S vV b7 LA LR
L,  KOFENDER N TH DI L HZRL TS, 72,
FE O R MBI ORFEBEHENICBNT, YV b2
LA RBDPETAL o TV A DITERID SHIAA

Fig. 2.6. Spatial distribution pattern of silt-clay con-
tents (black) analysed in 1995/5/23-24.
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Fig. 2.7. Time series of bottom water temperature (C), salinity (psu)
and dissolved oxygen concentration (mg/L) in the innermost of the east-
ern Maizuru Bay (Stn.P).
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Fig. 2.8. Time series of vertical distributions in salinity at Stns.A, P. Dates of corresponding measurement IDs
are following. 1, 1997/1/14; 2, 1/30; 3, 2/13; 4, 3/13; 5, 3/27; 6, 4/10; 7, 4/25; 8, 5/9; 9, 5/22; 10, 6/5; 11, 6/19; 12, 7/4;
13, 7/17; 14, 7/30; 15, 8/13; 16, 8/29; 17, 9/11; 18, 9/19; 19, 9/26; 20, 10/9; 21, 10/24; 22, 11/7; 23, 11/20; 24, 12/5; 25,
12/17; 26, 1998/4/22; 27, 5/21; 28, 6/18; 29, 7/22; 30, 8/19; 31, 10/1; 32, 11/4; 33, 1999/1/14; 34, 2/17; 35, 3/18.
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Fig. 2.9. Time series of vertical distributions in dissolved oxygen at Stns. A, F, I, P, Q. Dates of correspond-
ing measurement IDs are following. 1, 1997/6/19; 2, 7/4; 3, 7/17; 4, 7/30; 5, 8/13; 6, 8/29; 7, 9/11; 8, 9/19; 9, 9/26;

10, 10/9; 11, 10/24; 12, 11/7; 13, 11/20; 14, 12/5; 15, 12/17.
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Fig. 2.10. Estimated water exchange rates in the
eastern (thin line) and the whole bay (bold line)
based on river discharge and vertically averaged
salinity at Stns. A and P. The exchange rate in the
whole bay was calculated assuming salinity in the
open ocean is 35 psu.
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Fig. 2.11. Seasonal change in total organic carbon (above) and
total nitrogen (below) in surface sediments sampled at Stns. A, P
and whole 17 stations. Error bars indicate standard deviations.
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Fig. 2.12. Time series of POM supply to the bottom at Stns.A
(dashed line) and P (solid line) quantified with a cylindrical sediment
trap. Values are expressed as dry weight (a), TOC (b) and TN (c).
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Fig. 2.13. Two axis data plots on water levels in
Shiraku River and corresponding POM supply to the
bottom at Stn.P quantified with a cylindrical sedi-
ment trap. Values are expressed as TOC (a) and
TN (b).
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Fig. 3.1. Spatial distribution in taxonomic composition of
macroinfauna in Maizuru Bay in 22-23 May 1995.
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Fig. 3.3. Time series of horizontal distributions of Theora lubrica in the eastern Maizuru Bay periodically sam-
pled from 14 January 1997 through 8 January 1998. Diameters of circles indicate the order of population density.
a: from 14 January 1997 through 8 May 1997, b: from 22 May 1997 through 11 September 1997, c: from 26 Sep-
tember 1997 through 8 January 1998.
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Fig. 3.6. Horizontal distribution patterns of Theora lubrica in the innermost area of the eastern Maizuru Bay
from 19 August through 29 October 1998. Diameter of circles indicate the order of population density.
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Fig. 4.1. Histological photographs of gonad maturation processes in Theora lubrica. A: indifferent stage
(SL=4.32mm) collected in 1998/4/22. B: developing male (SL=3.54mm) collected in 1998/6/17. C: mature male
(SL=8.30mm) collected in 1998/4/22. D: developing female (SL=4.69mm) collected in 1998/3/18. E: mature
female (SL=10.38mm) collected in 1998/5/21. F: spawning female (SL=11.75mm) collected in 1998/6/17. Bars

indicate 0.100 mm.
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Table 4.1. Stage compositions in gonad maturation of Theora lubrica collected in the inner-
most area of Maizuru Bay (Stn.P) from March through July 1998.

Mar. male femde

SL(mm) indifferent developing mature developing mature  spawning infested sum
-3 5 1 1
3-5 3 2 2
5-7 1 1
7-9 1 3 4
911 0
11- 0
sum 8 0 1 3 0 4 0 8
Apr. male femae

SL(mm) indifferent developing mature developing mature  spawning infested sum
-3 0
35 1 0
57 4 2 1 7
7-9 5 1 6
9-11 2 2
11- 1 1
sum 1 4 7 0 1 4 0 16
May male femae

SL(mm) indifferent developing mature developing mature  spawning infested sum
-3 0
35 2 0
57 2 1 2 1 4
7-9 2 1 1 4
9-11 5 1 1 7
11- 2 2 1 5
sum 4 1 9 2 4 4 0 20
Jun male femde

SL(mm) indifferent developing mature developing mature spawning infested sum
-3 0
35 1 2 2
57 4 2 2 8
7-9 3 1 1 5
9-11 3 1 4
11- 2 1 3
sum 1 0 12 0 4 5 1 22
Jul. male femde

SL(mm) indifferent developing mature developing mature spawning infested sum
-3 0
35 0
57 2 1 1 4
7-9 2 1 3
9-11 0
11- 0
sum 0 0 4 0 0 2 1 7
Total male femae

SL(mm) indifferent developing mature developing mature spawning infested sum
03 (6) 5 0 0] 1 0 0] 0] 6

3-5(11) 7 0 2 2 0 0 0 11

5-7 (26) 2 5 8 2 3 5 1 26

7-9(22) 0 0 13 0 1 7 1 22

911 (13) 0 0 8 0] 1 4 0 13
11- (9) 0] 0 2 0 4 3 0] 9
sum 14 5 33 5 9 19 2 87
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Fig. 4.2. Sex and gonad maturation stages of Theora lubrica relating to shell

length (mm).
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Fig. 4.3. Two axis data plots of estimated egg number and shell length (mm)
in females. Dashed lines indicate 95 % confidence interval
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Fig. 4.9. Two axis data plots on carbon and nitro-
gen stable isotope ratios of Theora lubrica and some
other benthos in Maizury Bay.
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720D, pITEERETH D, W 2hDKIRKX
IZBWTHFEDA % HIK FE THE L 7B LA v
TENE, KEREp 2METEHI LD TE S,

= yocosh p(x— x,)
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Fig. 5.1. Catenary regression curve on planktonic period of Theora lubrica lar-
vae and water temperature. Plots are duration of the estimated planktonic period
based on the rearing experiment amended with the size difference from wild spats
and growth rate of larvae (Imabarashi and Iwatani, 1988) . Planktonic period in
25C (open plot) is assumed to be comparable with the shorter value in 20T .
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Fig. 5.2. a; Calculated daily frequency of settlers under 3 removal rates in the model. b;

Calculated abundance of planktonic larvae in the water column under corresponding re-
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Fig. 5.3. Three axis data plots on water temperature, removal rate and survival rate in the model. Survival
means the rate of larvae that remained from birth to settlement.



3R I A OB RE 79

D) BIATDL R IE % S e WS EE Ti, Rl
DRI DS 24T ) KA AWA L, b D ITRIN
DRETIHFENM 2 & F R vd, HFobLTHE
DO TEHOCHEAERT S & W) IRGEEIREL TV 5,
Ockelmann (1965) &Kk @ KV I2 BT 5
Hoffiffl k%= a4 L, Thorson DR Z MK TH D Z
xRN LTz G, BASCH» B O NIRRT,
R I T UEE DM BN & F¢0 ZRH D
ST T, S OE LT BB IR hi,
[ % BH ORI OBBIZ L > TR Lz E 2
%, AME#EE open shore RRAMEICEEER S % N3
X 138, open bay and estuary IZB W CIZEFIZHE
I3 HAEI AR { A Sz (Fighdb). FISHAYAIE
closed bay T, HEIHIZTICETHALITNE D, 4
FIZOHEIT HHH L, FHED X5 IR TN A
NG H o Tze AHEMHRRAEICHEER IO 2 MBS
WA B0 B B I OB, R ~ s R
BULEEINOMEMEFASEOMSZRLTEY, K
M K B RN A DR DT O I & PeE T % 5l
WIEBRPUEIC R DR2 2L 2RBL T 5,

A7 HAOYE, HA ZAEE OFFNCEIN &
FEHRLTIT) LR CH AL EEZOND, 72,
FHRIMADRRER N T WA Z EAIRENTZZ END
b, EINIHEICbz s Tk L T b EEZ 5N D,
o CGRIER) &, BB Y X7 74 T
HEORURBE I S 2R FEHERH Y, 4HICED
D TEBEOFRNEPHMBL, R EDEOK
W HDLZEFRPEHLNIILTVDE, 2O LT
~ 4 AT AR O BAR R B A L < B3 5 %
HIZRoTwb EEZ LN, REOREKTETREZ FiH
T5 L TEELRMALTH S, TIE, HERICKRFEDF
WNEDLZBRHT 2D THA ) Ho HEENEDLD
THBMEO B WL TH UL, AR 2 350 23
R T B L HRBERY R IR & o TRAZ S A A7
ML, 4 JIREDEDMERENY -7 2RTTh
YT, RMIEIRLIZEBYTHD, LaL,
PERTEZ BT BRI O R R & il A o
Bk LTHVwD L, AFIB5FENROR
WU ED E ORISR L, A&~FITBIT 2K
TOFENEDOERITA SNV E W) MR R E R
L7zo RHEREDPBIIELIIG L a2 72HK & LT,
AR, HRETEED 5 IR AR OFHILH)
B, REDEOTRIR LD IEARHBEORIHER & L
THRYTHLWREEDIEZ OND, LeL, Y A7
A DIFHENEZ A HICRDBE L BDICOMDLT,
R~ A X ORI AR L TV B DA
ThY, —EICLHOFTEDEZMAGT 5 2 & ITH

ThHhoHLEZOLND, KRB EZ G4 T
WX BHENE DD TRE L, FhL DTG A LM -
B E THARTE R VOIS L, KELIZEZERS
DOFENI X 2 WFEDEA SN, FEEOTHIFO
MEMBEL TR D200 Lk, LrL, Ih
b F 7z, UKD T hRMEARLIRTH > THHE
BT THRAET ARENEOMZZE LB SELZ L
5 (Fighd), FlEshE%FMmAICEMNICHYE S &
DARAD T IUE, FFIIB B FEDHEO KR
BIZEHLWEEZZOND,

WO N O K AR A SR L 72 R T, KO
90% A3 EARASHRIZ £ D ATV DIZHE S 2 ]
MIZ14FE e SN TB Y (#E, 1983), 1H:H47-
D DA T 5 £045% 127 B TDEHITK
& e PHSAMEMI I, A AT AL L T BN
THoTd, KRB LY X7 71 ZEDHED
BRBAONLENS LN, &Z2AD, AWHilEE T
TUE DK EI20.01~0.08 (/d) EHEEINTE
Do (W0 - BER, 2003 ; SEIL S, 1977), @ BEBLON
BT, BIERO sill 7 EgKscH % 13 2 gk
WERLVERY, FEME ORI X - TRENAED
FEMIEL L IWNEELEZ SN D, KAEBYOFE
WHETIX, F~FITHA Owenia fusiformis FENE
DFEEIHE) $RE A8 — Y OB ES S &
I, B EERATENC X o THEZAEDIZLTY
HHEBEHE SN TWAS (Thiebaut et al, 1992), i
IS A RS 2 A TR, il Er g2 3= L
TEEHIMMIBEH TS LMo TED (Mann et
al, 1991), Y= ¥ ¥ N4 T OIS AR D %
P CEIRM R BEIRITEN 2R § 2 LAURES N (FED,
FRIEF), 0.3mm/sec. FEE D EGKEET) T & W % FIH
LM 2 ETELI EDRBEINTVDSE (&
- BERE, 2003)0 ¥ X7 H A TR KATE) D
HEIZH SN SN TW R, BB 28R
EROHBLLRIZ Sy FIRICHAT 5 2 b Sh
TBY (5 - B, 1988), TAF 27 ) —fE5RIT
ZRH L CTBIANRI T 2R %2 M S ¢T3 1]
DB bo Lizhio T, BlEOFTEFITHIETET %
WELZSE LD DIEANIThsnhd Lk v, #
B S OO FBEEL O MBI BT 5 ¥ X7 4 O
ABIREZ W] 52§ B 720121%, Bl ED HRET
LRI ATENCEH LWL BB D 5,

FE6E BaEx

BB r ALy X7 HA41E, “HEOZH
TRIFF IR AN U2 O TH D, R
5mm DL EOMEII I 2 FEO 2 AT E, fagiikT



80

Ly S

0- 20 degree

e

open shore

T

W LWEV V LVES S LSEA A LAEW

W LWEV V LVES S LSEA A LAEW

20 29 degree N=20 open bay and estuary N=12

- (ol ol .

W LWEV V LVES S LSEA A LAEW
30 39 degree N=39
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gulf
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50 70 degree N=12 direct development
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W : winter (Jan./Jul.)
LW: late winter (Feb./Aug.)
EV: early spring (Mar./Sep.)
V : spring (Apr./Oct.)
LV: late spring (May/Nov.)
ES: early summer (Jun./Dec.)
S : summer (Jul./Jan.)
LS: late summer (Aug./Feb.)
EA: early autumn (Sep./Mar.)
A : autumn (Oct./Apr.)
LA : late autumn (Nov./May)
EW: early winter (Dec./Jun.)

Fig. 5.4. Left array; frequency of references on bivalve species spawn-
ing in each month classified with latitudes. Right array; frequency of
references on bivalve species spawning in each month classified with
habitat types. Months are described as 12 step seasons in northern /

southern hemisphere.
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