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Bathymetrical Distribution and Growth of the Giant Button Top

Umbonium giganteum (Lesson) at off Fujisawa, Sagami Bay, Central Japan
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Abstract.  Distributions of benthic animals were investigated by dredge sampling at off Fujisawa, Sagami
Bay, Central Japan. Bathymetrical zonation which was distinguished by dominant species was confirmed
from intertidal to subtidal waters at investigated area, namely, Philyra syndactila — Chion semigranosa zone,
Umbonium giganteum — Mactra chinensis zone, Diogenes spinifrons — Scaphechinus mirabilis zone and
Astropecten latespinosus — Umbonium costatum zone from the shore to offshore respectively. However, it is
proposed that the zonation repeatedly becomes obvious and obscure in the long term with the replacement of
the dominant species as compared with previous works.

The maximum biomass was recorded in Umbonium giganteum — Mactra chinensis zone distributed at
depths of 1 to 5 meters. In this zone, U. giganteum and M. chinensis dominantly inhabited, but both species
did not occur together.

Growth analysis of U.giganteum was carried out with size frequency distributions based on collections
in different seasons. The size frequency distribution was decomposed into several normal distributions of
various age groups assuming that it was normal mixture distribution. The equation of the growth curve was
calculated with the mean and age of the groups. The result shows that the reproduction season is November,
the growth season is summer, life span is at least five years and the maximum shell diameter reaches to 38
millimeters.

Life history traits of four species of the genus Umbonium distributed in the Western Pacific were compared.
It is suggested that U.giganteum, U.costatum and U.moniliferum resemble one another in both reproduction
and growth seasons. No common feature is recognized between U.giganteum and U.vestiarium. Life span
tends to be longer in all the species toward the high latitude region. U.giganteum exceptionally has the large

shell, and it is suggested that the species grows more rapidly than the other ones.
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Fig. 1. A shell of an adult snail Umbonium giganteum collected at
off Fujisawa, Sagami Bay, Japan. KPM-NGDO020196. Scale bar
represents 10 millimeters.
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Distribution and growth of Umbonium giganteum in Sagami Bay
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Fig. 2. Index map and locality map of investigated area. Solid lines and dotted lines represent transects for growth analysis and
transects for distribution inquiry of benthic animals respectively. Arrowheads show the sites of mouths of river and canals.
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Fig. 3. Improved dredge ("Kairyo-gata-Kaiketa" in Japanese) used for
sampling. Width and height of the aperture are 70 and 30 centimeters
respectively.
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Table 1. Locality data of transects. Dates are documented in “yymmdd” form. Start and end mean the position of
beginning point and end point of towing the gear. Distance is calculated as the distance of straight line from beginning
point to end point of towing. Transects in which specimen used for growth analysis were collected are shown with open
circles. Latitude and longitude are shown using WGS84 map datum.

transect id. start end distance growth
date  no. latitude longitude latitude longitude (m) analysis
991022 01 35°19'01.4"N  139°27'10.0"E 35°19'00.9"N  139°27'02.1"E 201 O
991125 01 35°19'02.3"N  139°27'04.3"E 35°19'00.1"N  139°27'12.3"E 213 O
000131 01 35°19'01.2"N  139°27'12.4"E 35°19'02.4"N 139°27'00.1"E 312
000221 01 35°19'02.4"N  139°27'11.6"E 35°19'01.4"N  139°27'01.7"E 252
000223 01 35°19'01.0"N  139°27'14.2"E 35°19'03.0"N  139°27'01.1"E 336
02 35°18'57.8"N  139°27'20.5"E 35°18'57.8"N 139°27'26.5"E 152
03 35°18'56.8"N  139°27'25.5"E 35°18'54.8"N  139°27'31.5"E 164
04 35°18'55.8"N  139°27'32.5"E 35°18'52.8"N 139°27'39.5"E 200
06 35°18'56.0"N  139°27'35.9"E 35°18'568.1"N  139°27'28.8"E 189
07 35°18'55.9"N  139°27'27.8"E 35°18'54.2"N 139°27'35.7"E 209
000314 01 35°19'00.3"N  139°27'11.2"E 35°19'02.0"N  139°26'59.9"E 290 O
02 35°18'57.8"N  139°27'22.5"E 35°18'53.8"N  139°27'26.5"E 159
03 35°18'56.8"N  139°27'26.5"E 35°18'55.8"N  139°27'33.5"E 179
04 35°18'58.8"N  139°27'29.5"E 35°18'568.8"N  139°27'34.5"E 126
05 35°18'55.8"N  139°27'27.5"E 35°18'54.8"N 139°27'30.5"E 82
06 35°18'565.8"N  139°27'32.5"E 35°18'65.8"N  139°27'37.5"E 126
000418 01 35°19'02.4"N 139°27'09.5"E 35°19'02.4"N 139°27'03.0"E 164
02 35°19'02.8"N  139°27'06.3"E 35°18'566.7"N  139°27'04.4"E 192 O
000602 01 35°19'03.8"N  139°27'06.5"E 35°18'57.8"N 139°27'05.5"E 187 O
000717 01 35°19'00.7"N  139°27'10.7"E 35°19'01.2"N  139°27'04.5"E 158 O
000803 01 35°19'00.5"N 139°27'10.6"E 35°19'02.1"N 139°27'05.8"E 130
000825 01 35°19'01.8"N  139°27'07.5"E 35°18'56.8"N 139°27'05.5"E 162
02 35°19'00.8"N  139°27'09.5"E 35°18'569.8"N 139°26'59.5"E 254
03 35°19'01.8"N  139°27'05.5"E 35°18'56.8"N  139°27'08.5"E 172
000920 01 35°19'02.2"N 139°27'06.7"E 35°18'65.5"N  139°27'05.4"E 210 O
02 35°19'02.6"N  139°27'07.7"E 35°19'08.6"N  139°27'01.1"E 171
03 35°19'00.7"N 139°27'01.0"E 35°19'00.4"N 139°27'07.3"E 160
001019 01 35°19'02.3"N  139°27'07.4"E 35°19'06.7"N 139°26'20.6"E 1,188
02 35°19'03.9"N  139°27'08.4"E 35°18'52.9"N 139°27'05.7"E 346 O
001117 01 35°19'00.8"N  139°27'07.5"E 35°18'52.8"N 139°27'05.5"E 252 O
02 35°19'02.8"N  139°27'07.5"E 35°18'52.8"N 139°27'07.5"E 308
03 35°19'02.8"N  139°27'07.5"E 35°18'65.8"N  139°27'07.5"E 216
04 35°18'55.8"N  139°27'07.5"E 35°18'52.8"N 139°27'15.5"E 222
05 35°18'68.8"N  139°27'14.5"E 35°18'65.8"N  139°27'22.5"E 222
001222 01 35°19'03.3"N  139°27'06.6"E 35°18'54.3"N  139°27'06.3"E 276
02 35°19'04.9"N  139°26'15.5"E 35°19'01.3"N  139°27'09.4"E 1,366
07 35°18'50.8"N  139°27'34.5"E 35°18'51.8"N  139°27'23.5"E 280
08 35°18'53.8"N  139°27'34.5"E 35°18'56.8"N 139°27'27.5"E 200
09 35°18'54.8"N  139°27'36.5"E 35°18'57.8"N  139°27'24.5"E 317
10 35°18'57.8"N  139°27'11.5"E 35°18'57.8"N 139°26'58.5"E 328
11 35°19'02.8"N  139°27'05.5"E 35°18'562.8"N  139°27'03.5"E 312
12 35°18'53.8"N  139°27'35.5"E 35°18'54.8"N 139°27'46.5"E 280
010328 01 35°18'53.8"N  139°27'29.5"E 35°18'54.8"N 139°27'34.5"E 130
02 35°18'55.8"N  139°27'30.5"E 35°18'563.8"N  139°27'38.5"E 211
03 35°18'55.8"N  139°27'30.5"E 35°18'54.8"N 139°27'37.5"E 179
04 35°18'565.8"N  139°27'29.5"E 35°18'565.8"N  139°27'36.5"E 177
05 35°19'01.8"N  139°27'06.5"E 35°18'57.8"N 139°27'05.5"E 126 O
06 35°18'49.8"N  139°27'28.5"E 35°18'49.8"N 139°27'34.5"E 152
07 35°18'58.8"N  139°27'18.5"E 35°18'57.8"N 139°27'25.5"E 179
08 35°18'51.8"N  139°27'35.5"E 35°18'51.8"N 139°27'45.5"E 253
010926 01 35°18'56.5"N  139°27'33.9"E 35°19'00.8"N  139°27'19.0"E 398
02 35°18'54.7"N  139°27'33.8"E 35°18'57.4"N 139°27'18.6"E 393
03 35°18'49.3"N  139°27'33.0"E 35°18'49.4"N 139°27'18.2"E 372
04 35°19'00.8"N  139°27'18.5"E 35°19'03.8"N  139°26'49.3"E 742 O
05 35°19'03.3"N  139°26'48.8"E 35°19'04.4"N 139°26'18.8"E 757
011026 01 35°18'55.2"N  139°27'35.0"E 35°18'58.9"N  139°27'13.6"E 554
02 35°18'57.4"N  139°27'34.4"E 35°18'57.9"N 139°27'11.5"E 580
03 35°18'50.0"N  139°27'32.7"E 35°18'562.7"N 139°27'07.4"E 644
04 35°18'59.3"N  139°27'06.5"E 35°19'02.1"N 139°26'32.5"E 864
011122 01 35°19'01.5"N  139°27'10.2"E 35°19'06.1"N  139°26'33.3"E 943 O
02 35°19'01.3"N  139°27'20.4"E 35°18'56.4"N  139°27'46.1"E 667
03 35°18'54.4"N  139°27'51.4"E 35°19'00.7"N  139°27'20.3"E 809
04 35°18'59.8"N  139°27'21.0"E 35°18'53.2"N 139°27'52.5"E 821
020304 01 35°18'56.4"N 139°27'32.8"E 35°18'58.1"N 139°27'27.1"E 153
02 35°18'52.7"N  139°27'34.7"E 35°18'54.1"N  139°27'24.6"E 258
020327 01 35°18'53.0"N  139°27'40.8"E 35°18'55.4"N 139°27'29.5"E 293
02 35°18'563.4"N  139°27'25.5"E 35°18'51.8"N  139°27'34.1"E 224
020507 01 35°18'52.3"N  139°27'40.9"E 35°18'54.5"N 139°27'23.8"E 436
02 35°18'568.4"N  139°27'25.9"E 35°18'569.5"N  139°27'17.1"E 226
03 35°18'54.8"N  139°27'38.7"E 35°18'57.6"N 139°27'29.9"E 238
020918 01 35°18'561.2"N  139°27'45.0"E 35°18'564.5"N 139°27'23.1"E 563
02 35°18'53.9"N  139°27'44.0"E 35°18'57.0"N  139°27'22.1"E 560
021031 01 35°18'55.3"N  139°27'36.5"E 35°18'58.3"N  139°27'24.7"E 312
02 35°18'59.4"N  139°27'21.0"E 35°19'01.7"N  139°27'05.1"E 408

03 35°18'568.5"N  139°27'29.2"E 35°18'54.8"N  139°27'40.8"E 314
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Table 2. Animals collected with dredge in shallow waters at off Fujisawa, Sagami Bay, Japan.

FIFRENHIPT Cnidaria

1EHE#A Anthozoa

RF AV ¥ F v U Dofleinia armata

B{XENHPT Mollusca

f5 B Gastropoda

&+ 3 Umbonium costatum

&' >R F T Umbonium giganteum
$1=F Y A Rhinoclavis kochi

I A/ 9T RHA Crepidula onyx

Y X% 174 Glossaulax didyma

$H X5 54 Phalium flammiferum

7 71=< Rapana venosa

LF 51 Mitrella bicincta

72 L #i4 Niotha variegata

37 /XA Telasco sufflatus

B Bivalvia

% k4 Scapharca satowi

B ILIRT H A Scapharca kagoshimensis

R+ 574 Glycymeris albolineata

& X FHA Glycymeris vestita

LT FA 54 Mytilus galloprovincialis

= RYUAHA Perna viridis

R~ b F X Musculista senhousia

JNH A Mactra chinensis

73/ )\ 74 Chion semigranosa

2V /A Siliqua pulchella

t + 7+ Dosinorbis bilunulatus

J X L A4 Cyclosunetta menstrualis

F 37>\ T Meretrix lamarckii
552 Cephalopoda

-« « % 3 Octopus ocellatus

R EYFT Annelida

%4 Polychaeta
A 074 4V X Diopatra sugokai

i &P Arthropoda

ERFR#M Crustacea
27 )L~ I E Marsupenaeus japonicus
~o sy /47 K5 Diogenes spinifrons
7 HiR¥¥ KA1 Dardanus aspersus
NIZIR>¥ RAY ? Pagurus similis ?
K> RA U ED—IE Pagurus sp.
7 Y XY 54 H = Blepharipoda liberata
B XJ\F' A 47 }I = Paradorippe granulata
% >tz > /= Matuta victor
Y2174 F N T Y Arcania undecimspinosa
t < 37 ¥ H = Philyra syndactyla
bt 5V X = Ovalipes punctatus
#14 = Portunus trituberculatus
-« ¥ 71 = Charybdis japonica

FREZENYIPT Echinodermata

E k71 Asteroidea
A7+ k& N7 Luidia quinaria
bt 532 Y HA Astropecten latespinosus
I YH 4 Astropecten scoparius
N 4*E = Y51 Astropecten polyacanthus
7 71k =7 Certonardoa semiregularis
4 k¥ F & N7 Asterina pectinifera
% b b 7 Asterias amurensis
7 —#fil Echinoidea
J\R ./ J\713 )X Scaphechinus mirabilis

BRHNYP] Chordata

TEE &4l Osteichthyes
54 7> 77 2\ E Ophisurus macrorhynchos
~ OF Platycephalus sp. 2 of Nakabo (2002)
> %' F Pennahia argentata
7 2 X 1L+ Tarphops oligolepis
207 /% Paraplagusia japonica
247 " Takifugu niphobles

abundant

= rare

)

zonation

10—

N4 k&Y /7 R AU Diogenes spinifrons

S 1+ Astropecten latespinosus
Y A% A Glossaulax didyma

=

J\R / I\ 72X Scaphechinus mirabilis

EZE

Matuta victor

PC

UM

Portunus trituberculatus
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Fig. 4. A schematic view of bathymetrical distributions and zonation of marine benthic animal from intertidal to subtidal waters at off Fujisawa, Sagami
Bay, Japan. Zonation is distinguished by dominat species. PC = Philyra syndactyla - Chion semigranosa zone; UM = Umbonium giganteum - Mactra
chinensis zone; DS = Diogenes spinifrons - Scaphechinus mirabilis zone; AU = Astropecten latespinosus - Umbonium costatum zone; FSA = fragmented
shell accumulation zone.
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latespinosus, /> A J /71 37X Scaphechinus mirabilis
DAEPEZLESINT, b0 6 FILfhofEIEIC
XL CEEMICSZEE S, ERETHKT S L 6 ff
TRIKDK) 95% % DTz, T s DA IREIC
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semigranosa zone) ., KiE1~5m DHF XA FH A« N
7177 A 4% (Umbonium giganteum - Mactra chinensis zone) .
KEES ~8m D N7 N7V )X KRB Y « NAR T3
> i (Diogenes spinifions - Scaphechinus mirabilis zone)
KESM LIEDOE ZEI WA « X% T4 (Astropecten

-

latespinosus - Umbonium costatum zone) (2 [X 73 & #u7z,
ARIE10m AT TIEZHE O b L7z Hak o s En
(fragmented shell accumulation zone) 3588 HAL7z, T
FrAb U7z Haklcid, AW m 238 T8l 72 & o3 % <
HENLTV,

AT B W TIRRDAEBEER LI, ¥4 F
P NHHAHTIE, WAEILD D RE OIS T
LTW5oTiER, —IRERICE AR Lt
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BRIZH 2 Z Lo T, KRR OTEAD & 2%
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LI CTRELZHAICBWTH, H2 LT
FTARTHE R, Y APREINTZY, Flobd L&
CIHEETRTAD A BRES N Lol Big
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Ho A X AOATEIREZBIE LTR5R, 8 AETO

BRIIATR ORI S d o203, 9 ALK
RAZATEIR SRR T D AR AN U 7o, ARFR R o i
KB BELDSTZDF 11 HTh o7z, AEFHRAIER
T OMEKIE 3 AEE T S, AR O IE KA
RO 72 5WERIIAARE Ch o 72,

12 B CEREE SN2 & v o 5 ORI
WCTE AR TAEER LT, EA NS T MTRY E—
VIR oA &R L, ARSI W TH X T IO
TEIRBIEEA R DR SN TS Z LA RE
T2 DO H b o & bUMRREREEZ Ay & LTIzL 2A,
EFHEHHRNTIZ A, D A, ETOSFEEZHRAT D
LINTE T, 72720, 1 RO CRIFHIE S D8
R TIR R CI3RETH o 7o, TNENOEERZ DN T,
IRE py THME D, BEREo; &7 2REGEHNTR
R (3, eANTTAICEEELE (K5, R’
BRITALANA TRELSALA TEASH
Sfe, Thbb, X ug % IOFEEREOME R
FIZ RS TRESEBT L5 Z LRI NI,

WA DT ERICFE LB T HZ b,
o _A XY DIHEFICLYRE L, AFICEHRED
BT 5 2 LavRENTZ,

BEEERIZEBIT 2 2N T OFIMBEO B O FEHH
D;. HEEFEH d D OMERIFR £ 1220 T, TREEDAL
ERCHTUIDIRER, oo T OpEEHi#RrOK

D(t) = 35.47
exp(exp(-0.9013(F()-F(1.250))))
F() = t+ 0;042 sin2gx(r + 0.4737)
T

¢ : age in year from d

d (day of sinking) : 2 December

%3 BAERAGONEC Lo TRO LI, oA &9 TRFERTEORAE, T, MIEFE A =FREE b Uk
BISHBEIRBER Ag & EH L, 2L HEOFRREE EORKT, FHOFRIEZ AORKTR L. p; =i A; DRAE.

D =ikt A; DNYIAE.

0 —HEREE A; RO,

Table 3. Mixing ratios, means and standard deviations of age groups of Umbonium giganteum calculated by decomposion of normal mixture distribution.
A, =age group. The most obviously distinguished age group is defined as AO. A with positive and negative index represent senior and junior age group
respectively. p;= mixture ratio of age group A;. [D;=mean shell diameter of age group A;. 0; = standard deviation of shell diameter of age group A;.

A, A, A, A, A,
ps Dy o0y p. D; o4 D, Op D1 D, S5 D2 D, Og

991022 0.3279 22.92 0.9947 0.0440 29.63 0.9189 0.6281 33.23 1.1989
991125 0.3884 23.71 1.6092 0.0660 29.93 0.9307 0.5456 32.92 1.1661
000314 0.4729 24.02 1.5187 0.5271 33.77 1.5271
000418 0.6446 25.06 1.2337 0.3554 33.49 1.1472
000602 0.5906 26.74 1.2460 0.4094 33.20 1.7817
000717 0.6045 28.46 1.2691 0.3955 33.76 1.3285
000920 0.0290 22.25 0.4495 0.6324 29.52 0.9895 0.3386 33.47 1.6431

001019 0.0232 23.00 0.8412 0.7395 29.38 0.9529 0.2373 33.70 1.3651

001117 0.4389 29.19 1.0753 0.5611 32.52 1.5934

010328 0.1788 23.83 1.0523 0.8212 30.05 1.1775

010926 0.3211 22.41 1.7876 0.6789 33.24 1.7042

011122 0.7958 23.00 1.1560 0.0298 29.75 0.5476 0.1744 33.01 0.9465
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Fig. 5. Seasonal changes in size frequency distributions of Umbonium giganteum collected at off Fujisawa, Sagami Bay, Japan. Solid histograms represent
distributions of living population. Overplotted solid curves represent distributions of each age group decomposed from normal mixture distibutions.
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Fig. 6. Growth curve of Umbonium giganteum. Solid circles and error
bars represent age group mean and 95 percent confidence interval of
the groups respectively.
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Fig. 7. Growth curves of each age group of Umbonium giganteum overplotted on size frequency distributions.
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ERTLHX RSV, ARFHAICHFEL LD 72
HIANHBND DO E LV, 202 &2 LT,
SHICFHELWHENLEEE X bvd, Fald, ¥
I8 84 LLE (Noda, 1991), # o XA FH AN 5~6
Fh LFENLLE (RRE), AR T1L4~54F
Lk (Shimoyama, 1985; /NEE D>, 1994) . T %4
=% 2 4F (Berry & bin Othman, 1983) & W HFERTH -
7o ZORER. mREEHIKOREIZEEWEMERF ST
WD WD R STz, BRANCHAE S LT R
DEFFERZI LT & Z A S 2039 26 mm (Noda,
1991) . & A FH A 38mm (AHE) . 1 R¥
B =23 18 mm  (Shimoyama, 1985), H 7 ¥ 4 234
13 mm (Berry & bin Othman, 1983) LW 9 fERTH -7,
HMEOBEBRTEZD L, ZNHA4FEOFTIEL X
AF VIR K TH Y, BEICRETHE0)
R A FEO Z E D LT o Tz,

FED
PR BRI T I SE DAL I I W T EAMT 2 W T
A 2B U, A DO ATRIUZ DOV TR &
BIpoTe, FHAHI TR Ol RS T
WoMEN R S, #EEREICL > T o005

4. WERFEOAMT DY 734 T)8 4 FEO LG LFHEO R, FamITERM TR LIz, BRYA R, HE I D RERSEE
U A— FVHEAL TR L72. 2 1) Noda et al., 1995 ; 2) Noda, 1991 ; 3) 48[, 1993 ; 4) KAE D>, 2002 5 5) AHE 5 6) /NE, 1997 ; 7)
Shimoyama, 1985 ; 8) /NEFIE74>, 1994 ; 9) Harada ef al., 2005 ; 10) Berry, 1986 ; 11) Berry, 1987 ; 12) Berry & bin Othman, 1983.

Table 4. Comparison of life history traits among four species of genus Umbonium in Western Pacific. Life span is shown in year. Max. size is estimated
maximum shell diameter in millimeters. References: 1) Noda ez al., 1995; 2) Noda, 1991; 3) Shibata, 1993 (in Japanese with English abstract); 4) Ohata
et al., 2002 (in Japanese); 5) this study; 6) Ozawa, 1997 (in Japanese); 7) Shimoyama, 1985; 8) Kosuge et al., 1994 (in Japanese with English abstract); 9)
Harada et al., 2005; 10) Berry, 1986; 11) Berry, 1987; 12) Berry & bin Othman, 1983.

species locality reproduction season growth season life span max. size
U. costatum Hakodate, Hokkaido Jun.-Jul., Sept.-Oct. summer 2 >82 262
U. giganteum Kujukuri, Chiba Nov.-Jan., Apr.-Jul. 34
Fujisawa, Kanagawa Nov.-Dec. ¥ summer © >5-6 % 389
U. moniliferum Tsuyazaki, Fukuoka mostly Oct. © summer >57) 187
Amakusa, Kumamoto Sept.-Nov. & >4 9

U. vestiarium Penang, Malaysia

mainly Mar.-May

10), 11) Nov.—Apr. 12) 2 12) 13 12)
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