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Population Structure and Distribution of the Sand Snail,
Umbonium costatum (Kiener) in Hakodate Bay

Takashi Nopa*

Abstract

Population structure and distribution of the sand snail Umbonium costatum were
studied in September 1988 in Hakodate Bay. The age structure composed of more than 8 age
groups was different from stable age distribution. The distribution of each age group was
parallel to shore line and depth. However, the 0 age group, less than 1 year, was restricted
to the shallower zone and correlated negatively to the distribution of each of the older groups.
The distribution of each age group older than one year was almost restricted to 6-7 m depth.
Positive correlation was shown among distributions of age groups older than one year. The
distribution of the one year old group was observed in the area between the age 0 and the
older groups showing a weak negative correlation with the former but a weak positive
correlation with the latter. The densities of each age group and the total age groups varied
greatly among stations, but spatial distribution pattern of these approximately fitted the
Poisson distribution. Within each group older than one year, mean crowding varied greatly.
Nonetheless mean crowding on own age group by total age groups was similar, with each
individual occupying presumably an area 5 times its basal shell area. Laboratory experi-
ment indicated that each individual older than one year showed repulsive interaction only
when their bodies were one above the other. In most cases, however, there was no interaction
among individuals. These results indicate the probable presence of : (a) migration of the 0
age group from the shallow zone to the offshore; (b) habitat selection of almost a common
area by the older age groups and; (c) high variability in the carrying capacity of the
distribution area as factors that influence the distribution of U. costatum.
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BlESDER YOV F ALBWCUESHES L OFMIEEEH, 28 SFREO»5BEE
FUORCREOBBIZI VIEIhD EELLN, *ORBROEFER, BEERNOEGAEOHE
fEH, fbEME OEEFARE LBERBERYBOBEERERFNTECTH L, ToBOLEER
AB LI VEGEHBEYBATHLDO0EELBERY I OTIDOLEELOR S,

F4 = (Umbonium costatum) i3 ERREOEKENDERCEENCEOhABERETHS
(RKIL - #2M, 1979), AR IR BD U. momliferum (Shimoyama, 1985 ; Kikuchi and Doi, 1987)
X0, U vestiarium (Berry and Othman, 1983) & [k, BHMMCEBE CAERE TS5 L@
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BH: ESEcKYsFycoEEREEESh

TRTW5 (FKIL-#E, 1979), = OEBFHICBIREVCBRIOWT, U vestiarum 1235\ T
A (Fretter, 1975) 3 X 04 BBFTEIR (Kalyanasundaram et al,, 1974) & OBIEMGH L bh
TWwbbon, Unbomum BB+ 2BERBEOBEHO LM L ABBEOFMBREFITLL,
R EBECERTAZ L oW T OB REBERRERE IR Ty, £ 2 TR
RTCEAAEOBEREE L AEERYELNCT RIZELD, Fy T HEEHO I L BEFEE
COWTER LI, BbhicERYUTrEET 5,

XD DAL, KIGEREE L HS 2B It EAEKEXTELRLERE, T
THEROCHIBRABEBCES T, I-RERIVERCEB N T X > UHEFHRS L
degE R K EY MK Y B R CE Ale L EiFa,

mHEEHE

AHRIIEENEAERIE (41°48'N, 140°43E) BT 5 tER» S AF/IMAEE T
D A8km OITEL SISV 800 m F T K ) BHODREGREANSR L L (N1) AL
RIBOREEHIFERIC L 0 RS L KA e LT3, 1988 4F 9 A ic & OKIRPIIITIRICIZ
BREEITADS A VIS vEr P RBREL, F0LcFrhFhici3iEZHERIK b 2305 86
HMERRE LI, FHECEVCTRAELYHEBLAE, MR R =y 3 v i v —RRES
(REEE005m?) ik b SEOREYToTe, FRBCIVEEIhF Y 213 1mm § O
THBL, EEXSEEL, 10% BKsL~ ) VERICTEE L, #BEIhicdy T3REREIC
HBhhzy) v 7 Rk s 2Eiael (5Fm, 1991), ERFCIEL, &9 v SV BEAFRE
OEGH YL,

F7o, 28 LOBGRIOHEERYERERICESTRH Lic, ERII9LET FlE
EREWIETCFF2F VA e FLoy (R 40cm) BLIOPER s Re=w o Fv a1 v TR
2= GREEE O M?) X VIREINLER: I, ENCHRBELLR) 2 —FEx -}
B> 3EDOKRE (18 635 mm X 5 439 mm X & 226 mm) 7§ TIT -7z EXRKERICER % 2 cm D
EXrl X, kR KELE»LHIemIcETHETHLLLDOD, ThEhic 52,983 XU
196 B0 F+ & Aht, | B, FhFhoKERCTCEBEEECREROERELYAEL R

Hekirifi ("
River %

Fig. 1. Location of Hakodate Bay and sampling stations.
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d KX K E & #H 4204), 191

RROTEEGMER - L, uk, BREC I ATH~~0EE2EB 1L, KEEEEH,S 5em LR D
BEETHE» LB L, MEEKENOLBEOREYRE LT, BEMoNEIfER B
i, Bohi-BaEEARER 5% Ono DR FME (Ono, 1965) ¥ A\ i, RV v v HHD
BEORAHBEREREL? r &L v OXBICABHER P(r~r) AU TORIK T I h 5 (Morisita,
1954),

P(r' ~r)=exp(—mr'?)—exp(—mr?)

TCTmXEE 7z ROFHEGETHS, COR»OBLNHHSHEE LBREAEOL R &R
%, Ono DR FEMF LB CRGMOMEIER IOV TR LT,

# £
FREE

EHATEEIW L EERBOESE Y 2REAGRCEDLHEEL LTCRLEOARI2 TH
B MBLAFY T 0WMBEL L BB LR, 205 b 0MBENRDL E< 240 50% Lk
T, DT 4B 18%, 6 MEEDS 18% % (0, B h OFBEIETRTI, UTTH o7,
DY CAEDOMBEIEBEREY S, PRV EEREE» O ThAEbDTh o el 9 i
P EDBEEE VTR AFOBEL £ BB E L EROEEHBARTETH - .

ok

0-8 D BFMBOSME L Ve REMEOSHELHEZ LOBE L LTRLEOMBRS T
%, LB ba7 X 5 BEHHOSMKEHEEXEN CITRCRTLCEREEL, FO5
B RTRCEESTFAIRES L34S coEr, ITBCETFRAY R L EBEEREY.
H1I6RKEFTDSA Vv EFves PREBELRTUV T,

SEMBOSAEE LB L TH5 L2ERT L LBETHRCET LASAERL T, 0
R ITRCEVAEC ALY G T 1R EOMoERR L 3Rk sBrofmiTh o &, 1
B EOFRBCREERF L LIMEIEEL T2 E8HLATH -1,

CThOFBRE L ZOSMENTREFETTHEACD - 0T, FHMSAOMBERYITE.
LOBEBCE S L CEFERBOREBGROBRR SBOEFEL LTURLEDONELTH 5,
ZOKER, ORBETIITRA S 160 m % T 68.9% 2%, 320 m ¥ CORIFIK 99.29% DOEMSHHE,

60

50 n=1567
40

30

20

10

0

Frequency (%)

0 1 2 3 45 6 7 8 29
Age group
Fig. 2. Age structure of U. costatum sampled in September 1988 in Hakodate Bay.
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.1 0

2 1-2

o: 3-14
*:15-29

e: 230/0.15m?>

Fig. 3. Spatial distributions of number of individuals (no./0.15 m?) in each age group. (a);
O-year age. (b): 1-year age, (c): 2-year age, (d): 3-year age, (e): 4-year age, (f}: 5-year
age, (g): 6-year age, (h): 7-year age, (i): 8-year age, (j): total age.

Table 1. Frequency distribution of each age group in each range in distance from shore line.

Distance from shore line (m)

Age group
0-160 160-320 320-480 480-640 640-800
0 68.9 30.3 0.8 — —
1 — 35.3 64.7 - —
2 — 9.7 90.3 — —
3 - 9.5 90.5 — —
4 — 1.0 97.2 1.7 —
5 — — 100.0 — —
6 — 04 96.4 2.9 0.4
7 — — 100.0 — —
8 — — 97.2 2.2 —
Total 36.9 17.6 44.6 09 0.1

Lo, LB -oFBETHE» S 160 m £ CoBBITHB L fedv o1, 1 BRI 160-
320 m ¥ TOHIIC 36.39%, A%, 320-480 m DEEIC 64.7% HHB L1z, T 2 WL LD BEREE

T 90% LA b o E# 2 320-480 m O EFCEFRIC S HTH &V 5 HTHFL T,

KB EFHROBFEY K2 b KBRIEOREBGH O RRAE S My EFEHRBFICR LoD
K4 THD, FORERE, 0O HBEATKE0Im 75 6.7m T, %D 50% A 2.5 m LIz, 90%
2339 m BURICHBE Licoic L, 1o HRERILCR KR 3.9-72m T, %D 50% 4358
m B, 90% 3 6.7 m DARICHE L, 2B ETR, 25FWARERL, ZERBTL L
KE6-Tm T 57 DAL LA D REAT I ORI 90% 5 < OGRS T 5 &5 HBMA
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Cumulative frequency (%)

Depth (m)

Fig. 4. Cumulative frequency (%) of number of individuals in order of depth in each age
group.

Y, BEGHKEIR—TH T,

Rl bR KT

FERRABEVE (h) BRERCKRET 2MEEOYN ) FHEELRL, UToRc L » TR
a5 (Lloyd, 1967),

o0, QUIBKEY i BHOKE (=1,2,3 -, Q) oEGFKTHL, —RIEHD
SAERITHEE (h) LFEHRACEVE (h) LOBKEITS m=a+pm ORI L > THET
e tx % (Iwao and Kuno, 1971), Z 2T a (EXETE) FEXKOESHD 5 - i2HT
EVWORBEYRETHERT, fBEEICEAOE T ) MEEREE LT CERBRH 2
AT 522 8 — v DIEME 22 h b (Iwao and Kuno, 1971), # 2T, FhFhoREE

80 -
a
o (@
% 60 -
2 Q:?Q
S 40 - o«
o Qo,‘l«
[~ >
g 20 .
2 20
° T ] 1

0 20 40 60 80
Mean density

Fig. 5. Regression of mean crowding on mean density in each station. (a): each age group,
(b) : total individuals.
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Table 2. Indices of interspecific correlation: R¢ between each age group. Solid lines indicate
negative correlation of Rd< —0.5, broken lines indicate positive correlation of Ré>0.5.
All data are obtained from the number of individuals per station.

Age group
Age group

0 1 2 3 4 5 6 7
0 _ - — — — — — —
1 —0.17 — — — — — — —
2 —0.80 0.47 — — — — — —
3 —0& L0 49— - - -
4 —09% 0235 071 L6 — - - -
5 100 047 203 506 1%  — - -
6  —0% o2 08 14 oW 1l —  —
7 09T o2 o4 05 o012 140 0B —
8 —0.95 0.01 0.37 0.72 0.40 0.64 0.51 0.62

CFoh3EOY Y7 ) v 7tk THREIRBERY AV, RFERE () L 2BREMBEE (D)
oW TEEDOTHBE (m) & FHAZEVE () ¥ RDERITET > L RERESBR S TH
b, FNEFREHABOEHBECIIAERENBDLALRLE22bLT, (a)(b) &b, &
FEH a=0, X g=1TdhH, EHSMAFERALS v L2500 THD LHEE I,

EERBEOMN M DS HOIEBIBR

ZERBEOW SO SHOEEY R T - IEABCAH L FERBOREBERYH
Vs, BAERSEERS o b SRS o 545 o FHBE A Morisita (1959) @ RS RE X AW TKRHA LIERERL
HDONE2THD, OREEMD LERTL OBD R 3T XTAT, 1#E O (—017) KR E,
—05 LI TOADOHEBENRED Shic, 1EEEE 28U LoFRMBEM T Ro 2105 LA EoEDIHE
DD LRIDR IFADOKTH 7D RAL, 2 8L ETIE%  ORERBMT RO 05 L LD
EOHBEINED bt

FIPAHFEVE ‘

FE SR OFEEERI A2 ENRD bR T, BERFTOEEHY L EE FIEE S
LU DSk E RA—KEAR (0.05m?) CRELTWHEDO1ERAL THRBD, FERBECOW
THLOERBENDOEHALE VE (M), BOLOERBCRTHMHOERBOTEHALEGVE

(Fixy), BOFOEHTHBHELOERBECAT L 2EMBOTHAZE VE (Mx, xe) ALV
o TRLORXFRFRUTIREERS (Iwao, 1977),

x & q
M= 2} Tay(Tx;—1) / 2] By
J=1 J=1
" q Q
Myy= 2 Lxc; Ty, / 2 Txy
J=1 Jj=1

X Q Q X X
Mox,x+5= 21 Do (X, + Ty — 1) 21 Ly = Mx+ My
J= i=

ZET, @y & 3y, XEhENR ] BEOREROERE X LOOFERE Y oBGETHY, Q
BBXKERTH D, L EOFHERCL O RDLERIE 6 TH B, FOKE, OBBFETLIEOOER
BT 5 L ERBOTHABE VE (Mexry) BB EAEVRHSOERERNOFDALE VE
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50 .ﬁw

Mean crowding

%,
o0 1 2 3 4 5 6 7 8

Age group

Fig. 6. Mean crowdings within each age group (fhy), mean crowdings on each age group by
other age groups (thyy) and their corresponding sum ; mean crowidngs on each age group
by total age groups (fhyy,y). All data are obtained from the number of individuals per
sample.

(e) X > TEHEDBRT VI, 1BETIESOERBCRNTAMOEBBROTHALE WE
(M) 2O RICHEIL TEL, 2 WL EDOVWThOEBE L V&L, 2B EOEBBIOVT A
B L LOERBHNOFEALE VE () KIIKERERDDHRDLORIL, BOOERE
AT B IO EMBEOTERLE VE () 8L OHDLOERBCHT 5 LEREO TR L
B (Maxsy) BERDID ol Z E2VbhD, 202 LR 2R TR, B SHOERBICIT
BELERMPOFEALEVEDOEI/NEL, FOFHEL FHNREBEIL 1AM L BE
BETIAEBLTWAS Lavbnd, ¥h, & CEEYD OBE L Ih5FHERE (h+1)
(Lloid, 1967) % 2 WLl LD B BAEI DN TRDTHB & L DEITZ 345 TH o7,

2B EDERBORHBE

BEHEOXE V2RI EOFBHICOWTEOSHOBEHOKRALKI T, Thtfhoi
BEC 2B EOSREBEEES I OEFERFOEGE LAY, FHEE () L FHALZEVE
m) HRDEBHMTH T > R, ThERKRCTTEESRRD DR,

m=1.08m+0.09 (r=0.99) (1)

m=1.00m (r=0.99) @)
BRI R, HEOERELEAELRL, EARTFVEFAGHARBER TS, 2OZLILETOR
ECR UBRCRERROBHELBINT S “5 v & a3 Dot = & (convolution of Poisson
distribution)” iz %7 » (Iwao and Kuno, 1971), AR COERFEROSHIEMRETH -7 2
L&ZRT,

2 L L DBEMOBEEER

FARERIC L VB OhicKEY by 52 B, 9B EGS, 196 HED 3 >DOBELMETEST S+
0D Ono DRFEMBIR TR EINhD, ERECEVTEHEKEROFY TDIIREALSIERBRNC
FEFLAPIEELCRECTEELTE), Ze2rEEECHE W5 EACBEbOBEEX2
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T EEBCKIs Yy S 0BEGRES LI

47 Mean shell
° diameter
3 -
E A :52
= a a :98
§ 2 = © :196 ind [ aquarium
S . . a
17 B 9 ' Y -
A A
0 T T T 1
0 2 4q 6 8

Shortest distance between
individuals (cm)

Fig. 7. R-distance curves for three density levels of U. costatum. R demonstrates ratio of
calculated frequency to observed frequency.

25 6 BETH 57, KIEX D 52 [k, 98 FEMAkIs L0196 BED 3 >OBEIL 198849 Ak
35 2L EDOBEEY ) OBE L SN B THERE (h+1) OFhFhoO 04 £, 085K X U016
fBedblcsd, WThoBESRMTTH, RERMER RTRIEEEMESES 1om Ll ETEc
HEHRAE CBRAEOL (R) XREL1THH, BERERXA VY vHHOPKEE KT 501
L, lem UTFCTI RIZ1 LW BECKEhot, 202 L HLEERICI WCIRTELER
LT#Hlem ¥ B, ThERBTRIRESEIED bR, Thll ETciRFESE, HF5H3RcEBDH
hishol LHETES, FLERCFERALILBESOFEHREIL 3 SOKETEhZh 21.8 mn,
219mm B L 2L.9ImMm TH e, 2D & X 2L LoBERIcRIEED B bkl lom DR
BRBLIOVELPDPINETD Y, BEREMLLD, DAREELVAS LI BARLE
HRECIHEERARED bRl -2 EXRLT W3,

® 3

HEBO X4 T OERFRBIEBERBEYSS, » IV EEREEL AR OTHo
2 (H2), 20X 5 i ftoBERETHESY TLHRE I T35 (Cameron and Rumrill, 1982 ;
Goshima, 1982 ; Morin et al., 1985 ; Kendall and Lewis, 1986), Ch &5 0BRIMAEDO KT X
53DEERTEN, ABCEVCTEOREREEREBER AL, ICT S L EEHERE
WA ETEETHH, SEBHTREFEBRELLREI LS,

K32bHE0ks 5 BEFHOSABRIAERBRCITRCET L CFREEL, £OA
RO BBIEFRAERBEAOR SN -BECHE - Tk b, AHRIBEFOTRNI Ak IO
BESEEEYIRET 50+ 4hEHNBEN TThhicdDTh s LAk Eh 3,

ORMBEOSMHIRIITH S S 320m FCoHBICREESEN, FOFLIIEFY OKE25m
ETHHOERL, 1 BHOSHIRITITHRS S 160-480 m 0REK S T h, £OHhIKESm T
BHoloe 2L LD BERMBTEDSMAIRITITIED S 320-480 m IZIZIFFE NS MAOPLET I Bzt
FOD6-Tm DRIFRAUKETHBZ EBALLTHS (X1 RUKL), F-FEREROMSE
Mo OHEEY Re REEAVCTRN LER (£2), 0L 28U LoFEREEDO S M3
WA DN, 2B EOFERBOSAIIEVRECHBENRED b, chicwl, 1L 0
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BEOSHOMEERLTrCAETH D, LRE L 28BL Lo KFHEE L oo MmO, EVvIED
HERED bhic, U bs bR ERERORAMOSMOMBEBGREEE L TKRIE - LHIK
OFFIROMR BRI L VREIN TV LHERIND, B ZDOI > B L DT
FIROEXDERITERE LTAERBOEERSHOE, B8, SIURCEOEHMER
NELLND, AELRBOWLSICAEBT S U vestiarium CTREEOSHIcHE L THEDOS
ARSI ESh, BEICMALLEENRECH - TRROSABCBE T L8320
BRERD EHBEIRT W5 (Berry and Othman, 1983), ABDO$4, 1982 45 10 A2+ 1988 4
11 A2 OBV TORBEIMLOEREL VBTV KIMTE L, BIUMARILAOH
B b hWHERE SR > ihEF )OS TREIND L O, TOBEERLEMT
5 ENEBHKBES K (FH, RREFER), 20 Z LRI 55HROZER 0 BEO
DA & = UEORECH > EBRBFOBCRETS LELbhb,

FH T RMERTRELBEDEN S S ZENRIHLLALNTH I, ThThoaRE
CAREREE, FERBCOVCTORYEE L FEHALEVERROERST LT - kR (K
5), FhEhEMEABOEHEELI RS ERENED bR B 1ob b T, ZHIMHRAL 7
VELBITHD LUBI iz, Z0oBRES, HAMOBEOEISMRAOEED KA 7R
REMNERERTHS & EhTwb (Iwao and Kuno, 1971),

2Ll EOERJBIC BV TIRE S OFERBENOFHALEVE (he) KK ERELRRZDLID
DIEFL, HSOBBICHT L FMBEOTIALE VE (Maxy) DERNEL, EOEBRED
HEETU L A BEBE TICERL TV I E2bh 5 (R 6), ZhiTERMMER CHREBEGERK
KERENRBDOLNBICE b ST, MOERBOFE L » TERFMO B LOFRFEAD
FRPRBE E (M) DEPEBR IR TWBZ LRI B EEZ DR S,

WEEOSAOBEBEOKE LV 2B LOFERBCOVWTCEFDOSAOEROBR BN TS 12
», FhEhoSErLREft, SERBEEELE., THEBE L FEHALGVELRDE
BOWET >R, 2TOoORBEICAUBRRCEHERFOBGELENT 2“7 v £ a5Holkcik
%2 % (convolution of Poisson distribution)” i# 7z » (Iwao and Kuno, 1971), <P TOER
BEOSHITEHETHE Z EARIAE (DR, @R), FBRERTS 2R EoBER
KECENRDE I IO HBARCBVCTOLEREENED bh, EANCRBEEEOELFARR
Bhhlkhote (T hbDZEERLOBREYDLRTELS L, 2B LOFMRTER DS
HOBEEIBEEEOERNHEEIIERCL % 0Tk, FERERTOEBRIMICHT54E
EROBELUMLS I OBEORBCESCHARTOBBNENOAERECI > Th b I T
WELDLERBEIhS, F0OBE, UEDoX5kgMm g ~voORBISHHOEFRDE, ¥
oA BEFBERIE S BB I BBENELORDLY, AEOBRE 0 MO M S
OBEIRE FRIhA b, EEBTRIRCESSBBHIEZ > TV 5WERESIEZbR
o ZOBARDWTIRA—ERHORMMOBEF & L EAMOBENER L ABOERER
COMGERSEFELNCT AL ENBHETHAH D,

2L EOERBEO LB AT HEIE U L BERE FICAERLTWA Z EHB LD
<, HEEM)OBEL XN A FHEREY 28 LOZEECOVTRDTRB &L DMER 345
Thotee T2, 38, 48, 6BEDI AT 5+ 2D FHBRBRI LA EFH 17.7mm,
20.4 mm, 21.1 mm, 21.8 mm TH 5 = L HHE X R THH0OT (FH, 1991), Kic 2 L EoM@EE
DEREY—HIZ20mm & L, ChiESEF+ s oEETEY 3.14cm? & R, FHERE 345
CEEERE3M4om* ¥R U SO THRERBES0 em® 2 RTH L 46 LD, COEX2HUE
O 1 EE T 46 BESOEEEBEY DTV xBTS, 20X 5 EEETOE
BT ORRBD U. vestiarium 122\ T OEE (Fretter, 1975) LRIk, FEIEEYE
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EEZLRS, ChODOBERYEOLMCTALDICTIABEOBEERE, —x1¥ TR IO4E
EEMcofIBERAEYRICOVTSEOBENLETH S 5,

X 3
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#, WHl
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