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Capacity of carbonate shell animals for distribution in Lake Nakaumi,
Shimane Prefecture, Southwest Japan

Koji Seto’, Keiko Yamaguchi’ and Gengo Tanaka®

Abstract: Lake Nakaumi is a brackish estuary showing the high to medium range of salinity. Benthic
animals resisting to anoxic environments are distributed in the deep bottom of Lake Nakaumi. In
contrast, surface water is good condition for normal brackish animals, To clarify the capacity of
carbonate shell animals for distribution in the Lake Nakaumi, the vertical distribution of carbonate
shell animals on the artificial columns was investigated. On the basis of this result, it was considered
the controlling factors and spreading mechanism of the carbonate shell animals such as Mollusca,
Ostracoda and Foraminifera. They are summarized as following; 1) The carbonate shell animals
inhabit to shallower zone than the lower limit of fluctuation zone of halocline (around 4.5 m depth)
in the central Lake Nakaumi. 2) Many species are adapted to a wide range of salinity (at least 10-
30psu). Species adapted to low salinity distribute around the mouth of Ohashi River. 3) The meio-
fauna are able to inhabit after the formation of the macro-faunal colonies. 4) Although the meio-
benthos living to columns spread the distribution area from bottom, they can not distribute over the
halocline. 5) The species distributed to upper part of fluctuation zone of halocline may be carried by
bottom current from the lower reaches difring the larval stage. 6) The species distributed to upper
column may be carried by surface current during the larval stage. On the basis of the control factors
and spreading mechanism, main species of Mollusca, Ostracoda and Foraminifera are illustrated the
capacity for distribution in the Lake Nakaumi. Musculista senhousia, having a wide capacity, can
inhabit everywhere except for bottom water zone showing anoxic condition,
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Fig. 2. Sampling points on the artificial columns of the
Lake Nakaumi.
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Fig. 3. Profiles of salinity and dissolved oxygen (DO)
around the artificial column of the Lake Nakaumi.
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Fig. 4. Vertical distribution of Mollusca on the artificial columns of the Lake Nakaumi.
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Fig. 5. Vertical distribution and composition of QOstracoda on the artificial columns of the Lake Nakaumi.
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Fig. 6. Vertical distribution and composition of foraminifera on the artificial columns of the Lake Nakaumi.
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E), FETEBIFEIE Y, 0L oA
BERLTWS, LiL, Sie A TidKESOm T
ZLAERL, RKELSMTHL LD LTHERELTNS,
INHOZ LI, RO KERFErLCELL L, TN
FHREFTOENE ZHTRIRICER L T 5 L
RTE5, bbb, v HE3ANETH MO EYE
CEFSRIC VLB LWAREEEE LT, BESd
BVETHAMICE{ERLTWAL LEZLND,
FRICHARBIZ 22X 5hETE, EFEEMICKE
MR CHWIC L A TRIZA LW, £FITITHARE
DFEETIC LY THTAHEFEL, EHdIKE
V. FIERE TRV R REEARE VI LY b, A&F
CFHT 2T EEORVAAMICER L TERL TY
5.

IRICH LT, FI=ALIHM4 OB, PHHS
FTYHF LY THORMICERELTWA, F37
HIHAE, Site A IZiZFHE7, SiesB, CHL
OKREFICERIIHMT 5. F 7z, AREAE I
MAhv, CTHEFIvHF Y TIFA B F LR
RS KEB L UTHREZETTERELTHAE S
LERLTWA, FIeH 7L OTFTRITEGE
BoOESHFEOPEMETHE., ThiEFIHIY
T A BRI ESATFE TR L ) b BREE
W ARV EERLTWS, v H 32T
IXH LA AP EORERHICIA 7 L, Site
BCOEFDM I, SERC LB ORI E T L
THABEILTA LB LT A,

YT YIE, L) EROFKENB L UTXREN
WEBESTAHET, BESKBOEEDOMGERICH
HAEFELTWAS, Site AT, KERY 1m B0

. Site C D P OKIFER IR LTWiwn,

HALEE L, ImUEDES L DERIE, L
TWizihEN e Foloan - —IIHFELTRREL
bnEEbNSD.

7Ty R, AR Bk L THEREO
EEICEHTA. Site B TOEMEL, Hhdhipald
W - Bk L CTHOMEEIRIF T WA Z & &RLT
V3, Site B TiE, AKE~KE30cmB L5 ~4m
TEHLRLENTW S, KEE25m~4m T IESHER 0%
B icdzh, 7YY EOYEFEET OIRBHLIC
Lo TCTHRElOKEIrSBELTELDEEDLR
L. —7F, KE~KEmIIBTEEEIZ, ZII
HERT 28R 205 4 7 CH B aeiEdE
2o, KEMEEBRWCESFEERT S0, &
B o4 AV & 2R L TWwa,

2) AAHATA—F
ZCTHBTAAAT 7+ —Fid, FXAHEHE
AR THL, PETELT SIS OBEILE
EEFRET, —THEBECTRELR Y,
Paradoxostoma lunatum 3., {EIE5 KO KB
H~ S Acdo RifaE £ TokR~ PRBEICIEL
(AT AEEMETHL, ST THREH  PHET
BEREHLE LEMBROSHAEF T RbhTE
72 %% (Ishizaki, 1969; FZ2 (34, 1990; FHE 2, 1998),
FEOEMMEE 2. AR, HERETILEER
SR OB T 547 (Okubo, 19807 &), HiE T3
RO FodHoag=—RIZAEBLTWwS. o T,
k Fofioao=—a R bhizvSite BOKEM TR
LaL,
Site ATITEREHE P L L EHR LT, ZOHED
EEHER I AT A~y MRoaou=—TH A
7, BRoOv Folooa=—PFELsicRonsiz
DICEHRLTWAEEbNE, AFEZIZIRER
9, Pl LihlEoECRS A LA, L
L, Bl LTnaIRETOSite B LA H WA
LEHMLTWS, INFTOEB»LEFENEL %
BoTERLEFEAILLVOT, i TAEBRHIC
B ENRTES, HAVERYERCERELTEAS
ENMEETEE LTHEITLND, MRS, EARKR
HAKEM AP 2O TRBI O TRFWIZGA TS
WP THaY, 2OLILFHENF - ERLTY
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DA SBRA L EEZ LNDL, FONE, A
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TR ERZ AP TCE ot ELILRD
P, Gk, EhHEBRBHEILETHS.

Site AD & TR & N7z Sanyuania sp. (A 1370, 1998
@ Gen et sp, indet.) X Propontocypris 7sp. i, il
BRONT, BESOKEEZFATELEL TS (H
i, 1998). Site A TIRIEEHH BV I TROM
Mt {Ronbsl e, BEEFELEELIOR
5. B, TNOEAICRONDDIFEELOE
VEHSTERDLOTHA). Sites A, BOKHAR
Site B DKEE 3 ~ 4.5m TR 5N/ Bicornucythere
bisanensis 1%, PIFEPEKEDEETIZIL {HH L
(Ishizaki, 1969 ; BZIE A, 1990 ; HHIFD, 1998),
L TEBREREBICIE 2 Fo0LEL LN TV A,
Site BOKIE3 ~45mAHEL L-b ik, Bb R
EHhoBEWEF-TELRLONEZE{LL-e FuR
DT [ZHER LT EEZ RS, T, 5
PETEBOLBFOTHIRLATnEZ E2b
ESEB T BATCHMTAILFTELd ozl H
ZoN5, 45smPTHoRER Lidhoi. ZDk
EWIHEOBEERPRONB EIATAY, #0
L) BEEICEERLIZ WD THS )., Site COH
TH, 5 N5 Xestoleberis hanaii %° X. setouchiensis i, {&
~HIEGOKIBIZIBE S L TwiweEZ LN,
LaL, o rfioKEFICERORAZ LIS, &
- D DHVIE - THARE LT 58N 5
EwmEL Twa.

AR E R x FF o EF LM D Ammonia beccarii 1X,
KEMPomiEE CEEROEERIZFMT S
(Nomura and Seto, 1992 ; H#§ - 58 H A LIRS,
1985). L2 L, THEOBMEIREOKRE T,
Trochammina hadai P53 5 FEEICHEL T3
ﬂ(Nomura and Seto, 1992) . S-ADFAEIB VT HITIT
F# L OB BOEN TS, Site ATIE, EBEREY
HEOv FEROIa -9 5 A becearii P
L. HEO Fuoloaxa=—dhob o, BB+
RHEEFORHPHHIEEL, v FoRoan
Z—FELZDDEEZ NS, L L, KEMHE
Db DN ERERLE LN Eh s, KEFETE
EELTOEIVRELLWLR EEFILAL O
HEZTTTWwEEEZ NS, i LD A, beccarii
EETO L 0L L TEGNZ YV, oz ki,
A beccariiiPFRAa . T CIZMSNTLES T L 2 mg
LT3, Site BOKH B X UM TlE, % { D4,
T. hadai D3R T B REICHPE L T WA, KE3 ~
4.5m T, A. beccarii DEIFHRILKE DD O & KL
TEFHIZR RV, ZNUTA. beccarii BV EHRFEINEE

DABEVERLRT VI EERELTYS, 4.5m
DIEORH TRELEMRE S, £HFERH K, BE
WAHETIBEOEECERLIC WD TS
%9, 3mBAETHE, SiteADERBIELIZLA D
DRV b 6T, A beccariili b T LR
L, KEImEIESHE OEEFOEIZE
BRIC&H /252 s, REITESER B2 Tof
WELTAZLLENTEL NI EARIEENS, £
7z, Site AT HRERERBE L THMEILT AT &4
RE I N7, RR/AKOFENEFH L THmEE R
BT AEZ L ETELREWEEZLNSE., TRk
Site CO LAICHILAPR b & bHHHTE
5,

T. hadai, Miliammina fusca, Pelosina sp. {3 EEIER
RIS, A beccarii L QBB R BB - E L
mLTHBL. &M, Site ATDARTRLNIM. fusca
W, EES AR EMICEZ AR LTWS (hi-
KW BREIgES, 1985). AFEIL, Site A DEEM
THA beccarii £ D 134w, FELTELLTY
A, LrL, SieBOHEZ E2&H THIBIZIES
NeWwZ &b, diiodiisiidE TR %A
FHZENTELRWERDIS, —F, T hadai (T
EORBICERBMICHAL, P~SESEELT
W54 (Nomura and Seto, 1992), &K D A, beccarii [F
BC3mPIECIRIZ L AEES Lol RS S
FABRREAT A, beccarii ERIBETH DL EE DN DS,
Pelosina sp.id, HHERCELEIZ 4546 LT v A (Nomura
and Seto, 1992) . AL, EEICHEBR LA, HiE
TIEBDTHTH o /2. Thid, KEDP Lo
ZILT AN EFE v Bbhs,

RERIBREMOES ICHEIEENEIL

ANLPHRE S NG E, 2RO RBIEREYY
EREINGY, FLoHFh & EEICRRIEHEREY
ELTHRT 5. FlOERIETIE, —ZICpH P&
, REEEEHIZELR T 2RETH L. SEOHFHAICS
WTHERBH TR LN E—HNE T - RED b
stz LirL, AIYoETORETIE, BFI
REEASIER L T a2, BTt {hkoT\nb,
7 % 1994 42 & 1996 4E 8 A {2 Site B (LD PRIKT
BN LAEZICEFNAERERAILEOHRTSH L. A
IREREHTD A beccarii X BEEFILED T hadai
2 Pelosinasp. D bEA B E, ATHOHET D XRE
EHERY CHONLILERER-LELOAILLD
BHEPIREW, ThiE, RESEVEE IS HIKEH
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Fig. 7. Foraminiferal composition in the substrata just AHA RKEGFICRIOTREHELEREL TS

below Site B column and near Site B.
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Fig. 8. Schematics of carbonate shell animals for distribution in the Lake Nakaumi.
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Fig. 9. Capacity of Mollusca, Ostracoda, Foraminifera for distribution in Lake Nakaumi.
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3 1. WAETHY - EIEELY A b,
Appendix 1. List of Mollusca and Cirripedia from Lake Nakaumi in this study.

Sample No. A A A A A A A A A B B B B B B B B B
B 20 30 45 -50 <100 -150 200 -230 15 10 3 5 10 -15 25 75 <125
Species name (o] c C o] C C Cc [ B C o] c o] o] C C c c
Mollusca
Seapharca subcrenata
Mytilus gatloprovindialis : o FL) Q) [
Limnoperna fortunei bikuckii  F(L) F@L) AL} AL} AQsD) AD) A@sD} A@sD) C(D) C@) C(sDy CLsD) D) CLsP) CL VAL A@SD)
M‘-"—'"_""-"“.Wh‘_’“ﬂ'“ FOQ AL AL AL AGSD) VAQLeD) A(LSD} A(SD) VA@SD) VR C{LsD} C(-D) C@>D) F(>D) A(LsD) A(EL>D) VA (LsD)VA (L>D)
Anomia chinensis A(LLD} A} AQ)} CL) AQ) VALY AdsD) CEsD)
Crassostrea gigas VA@D) VA(L) VA(L) VAL <@ oD VALY AL-D) Af} AR}
Corbicula japonica VR{L) CL-D) C(=D) A{-D)
Trapezium liratum R{L) F =D} VR{} RL) FQ) FO co
Ruditapes philippinarum
Thais davigera
others R
Girripedia Cl=D) RE) €D} AR-D) A{D) C<P) A@D) F@ F@L=bB) CE-D)
Sample Ne. B B B B B B B B B B C C c [o4 c C C C
-145 475 225 275 325 375 425 475 625 625 .10 =20 30 500 00 200 280 340
Species name C [ C c c C 4 C [ B C c C Cc C C C c
Mollusea
Scapharea subcrenata VR(L) RL)
Mytilus gatloprevincialis R{L>D) A{L>D} A{L>D) AD) oL
Linusoperna fortunei kikuchii F (D} RL) AL-D} AQ-D) D) AleD) C-D) A(R-D) AL-D) CL) AL} AL oD
Musculista senhausia A(>D} A(L>D) AJ>D) VA(L>D) VA(LSD) A(L<D) A(L<D) @) A(eD) D) CL>D) VAESD} CL) CL-D) oL ¢
Anomia chinensis VA@SD)A(LLD) A(L) AQL>D) VR{L=D) VR(L=D) ADy oLy Al) oy TR AD ' L)
Crassostrea gigas VAQL>D) Al) VAQL-D} VRE)
Corbicula japonica
Trapeziums liratum VR (L} R(D} VR(L)
Ruditapes philippinarum Ry
Thais clavigera cay o) R(D)
: others
{f Girripedia R@) F=D) C~D) AL-D) RL=D) A{<D) C{L<<D) VR(D-fng) VR{D-frg) COD) C(L~D) CL-D) CLD) RI>D) VAQL) AD) VA(L) VA{L=D)
0
} A
: fF#2. ARMHELY R b,
Appendix 2. List of Ostracoda from Lake Nakaumi in this study.
Sample No. A A A A A A A B B B B B B B B c o] [o] [o] o] c
30 45 50 100 1500 200 230 3 125 145 175 325 375 425 625 100 20 30 S50 100 340
Species name [ c Cc o) c C B C c C c c Cc o] B c C c C c o]
Sayunia sp. L 9 31 175 77 63
s 2 1 1 15 107 2 o8
D 21 1 1
Paradaxostomut lunatum L 4 64 33 4 [ 1 2 4 1 1 6 654 7
Okubo, 1977 § 9 7T 254 &2 6 1 5 11 1 20 1 2 6 2360 6
. 2] 3 3 2 2 1 5 2 2 27
“ Propontocypris 1 sp. I 10 24
8 2 i
b
Dolerocypria mukaishimense L.
Okubo, 1980 S
D 1
t Bicornucythere bisanensis L 1 1 1 2
i {Okubo,1980) S 113
i D 2 643
Spinileberts quadriaculeata L.
(Brady, 1880) $
D 3
Lexoconcha hattorii L
khizali, 1971 §
D 1
Xstoleberis hanaii L 1 1
Ishizaki, 1968 S
2] 1
Xestoleberis setouchiensis L 2
Okubo, 1979 §
D
Living specimen 9 1 5 95 218 8 % 1 2 0 0 5 1 3 1} 0 1 7 655 7 2
Stained specimen 11 1 8 29 171 8§ 1¢ O 5 1 1 20 0 o 113 1 2 6 B0 6 [
Dead specimen 0 C L] 3 24 1 4 4} 2 0 4 [ 1 7 652 o s] 2 27 e o
Total 20 2 13 367 413 %0 198 1 9 11 1 25 2 10 765 1 3 15 3042 13 2
i
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Appendix 3. List of Foraminifera from Lake Nakaumi in this study.
Sample No, A A A A A A A A A B B B B B B B B B B B B B B B
-1 20 30 45 50 -100 -150 -200 230 S5 [15 75 125 175 225 275 -325 375 425 475 525 575 625 625
Species name ¢c ¢ ¢ ¢ ¢ ¢ ¢ ¢ B € C C C ¢ € ¢ © € ¢ C© € Cc C B
Ammobaculites sp. L 2 1
D
Cribrostomnoides canariensis L 1
D 2 3
Cribrostomoides? sp. L
D 1
Miliammina fiusca L 2 13 7 16 22 23 14 7
D 7 2 [ 8 17 13 12
Pelosina sp. L 1 15
D 1 3 7
Trochamminag hadad L 1 2 1 23 8 1 2 e
D 1 6 3 3 1 3 16 213 177 23 24 22 7%
Scutuloris sp. L
D 1 1 1
Ammonia beccarii L 1 35 193 111 186 113 122 133 140 1 7 ] 21 i 4
D 1 9 3 & S8 12 45 3T & 1 3 2 3 1 3 A 1% 13 1301 3
Brizaling striatula L 1
D
Elpkidium clavatum L
D 1
Hving 1 37 206 118 202 135 147 147 148 O 0 0 1 0 0 3 8 30 30 1 3 0 L] 25
dead 1 9 4 8 67 20 68 50 81 1 1 6 6 4 1 6 28 245 21 42 38 3§ 2 117
Total 2 46 252 126 270 155 215 198 232 1 1 5 7 5 1 9 36 275 241 43 41 35 2 145
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