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Abstract. Shell morphology of four land snails in the genus Trishoplita (T. pallens, T. okinoshi-
mae, T. cretacea and T. decussata) from Shikoku was examined mainly by using principal com-
ponent analysis. Many significant characteristics were detected in 7. cretacea, and it showed a
clearly separated distribution from that of the other three species in plots of individual principal
component scores. Among the rest, the distribution of 7. pallens plots could be almost separated
from the others. The results suggest that 7. cretacea and T. pallens are independent species. In
regard to 7. okinoshimae and T. decussata, very few differences were recognized between them,
and the distribution plots of their individual principal component scores were hardly separated.
This implies that 7. okinoshimae and T. decussata are so similar that they cannot be regarded as
distinct species. Thus, they should be treated as subspecies.

Key words: Trishoplita, land snail, morphology, principal component analysis, taxonomy,
Shikoku.
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T. okinoshimae Pilsbry, 1901, 27 ¥ 71> 0 < A
~ A T. cretacea Gude, 1900, B X WX/ X1
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W72 DN, 2D ) LWL DPDLDE X
2727 ux A YA T. eumenes DHFE &

Fig. 1.

General aspects of shells of four species in the genus Trishoplita. A. Trishoplita pallens (SD
16.34 mm, SH 10.35 mm, from Koda, Kochi City, which is located next to the type locality of
Jacobi, 1898). B. T. okinoshimae (SD 14.77 mm, SH 10.00 mm, from Okinoshima Island, Suku-
mo City, which is the type locality of Pilsbry, 1901). C. T. cretacea (SD 15.14 mm, SH 13.29
mm, from Nishiyama, Kikuma Town, Ehime Pref.). D. T. decussata (SD 13.61 mm, SH 9.99
mm, from Ushirogawa, Shimanto City, which is the type locality of Gude, 1901).
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Fig. 3. Measured portions of shell and measuring methods. a. Shell diameter. b. Shell height, c.
Aperture diameter. d. Aperture height. e. Umbilicus diameter. f. Whorl counts (counting from
the arrow top clockwise). g. Apex angle (degrees). h. Aperture tilting angle (degrees).
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Fig. 4. Frequency distributions of shell diameter and shell height. Longitudinal axes indicate numbers

of individuals.

OfmiE, vu~v/~vf/ex /7 x2u~xA~
AMPKREL, FF 7 v~va~x A~ A BZFNI
RE, avFhiax4 <4 13E— FEFHE
A3 b /N E A2 o 72 (Fig. 5, Table 1).

L2 LEERICE 2IE52& 05K E o
BICHARTHEMOZEIIN S WS DL AL SN2,

R LR OR S L DOMERIZONTO
il % Fig. 6 (IR i L B OBAMR TIE, 2
A AIRATADTA Y MHMBD 3 FE S
EJICRE (HEN (Fig. 6-A), #3313 L Tk
BOHATHIIC KR EVWS E R R L TWA. T2
O~ A <A TSI S WEE DS
% < (Fig. 6-A), (¥x#5) / (824%) OTFHME S 458
T b/ S\ (Table 1).

TR /IvvruxvAIAEX /XA av A
TADOTHy MIPR Y ELLL T 528, ]
MIZEAF 2 ~rva~ A~ A DO
LRE DR RN E WL ) TH S (Fig. 6-A, Table

1.

R BROROBEBRTIE, 3wy s va<A
<A DTay A IFED S EIICEEN S
B, o3IO Ty FOHFIZHWIZITZEA
CEMLTHY (Fig. 6-B), (&) / GEA%) OF
YIME D Mo 3FEITK X 725 1L A 57\ (Table
1. S OMEMIEFRE L FTEHOMRICBVTY
ZIZFEEETH A (Fig. 6-C, Table 1). 2z
Fhia<A <A MO 3T LY B AT
WKIEWZ LR RLTEY, COMOEMTH S
b,

F 7ot L IBILEOBR T, &R ICHEB O
FEII/NE VS, M R BRI e A~
ANRRKEL, AT AU TA PR
INE WSS A S NE L) TH A (Fig. 6-D,
Table 1).

ORI DWW, T L DAL % Table
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Fig. 5. Frequency distributions of whorl counts, apex angle and aperture tilting angle. Longitudinal

axes indicate numbers of individuals.

Table 2. Compositions of stripe pattern types in the four Trishoplita species (percentages

with individual numbers).

Stripe pattern type 0000 0200 0230 0234 0030 0034
T. pallens 76.3 (238) 0.0 (0) 0.3 (1) 03(1) 199(62) 3.2(10)
T. okinoshimae 14522) 73.7(112) 13(2) 105(16) 0.0(0) 0.0 (0)
T. cretacea 0.0 (0) 0.0 (0) 0.0 (0) 0.00) 933(70) 6.7(5)
T. decussata 88.1(96) 4.6 (5) 0.0 (0) 0.0 (0) 0.0 (0) 7.3 (8)

1-A) RO 45D 3D Ex G, F72)Em D
% 0030 2 2549 20% L L 7.
ZDABIZ0034 T, 0230 T, 0234 T AHSH$ 0212
WL AF ) v~vva~ A~ Tl EER
T O 5 02005 (Fig. 1-B) #570% DL 1% 50,
0000 %1 & 0234 F1H510% &, & 5120230 H1H5DH
IO L. avyhru~x A~ A TIHK
T O 5 00307 (Fig. 1-C) DE|EH90% % it
2, M Z SR SN % 0034 BT - 72,
X A uv A <A TR O 0000 (Fig. 1-
D) DEIEA590% T <, 0200 B & 0034 I AMEAH
ECHI L.

T OB R OB EEIC DOV T RIRE

12X o TR S % Table 3 12779 A%, X
TOMAEDLEIZBNTO0.1% KHETHEED
2 5 (Table 3), D X 912, O B
BRI > TENENMEFTH B 2 L 2H
Link ol

VD EOBIRERH S, av ¥ houv A<
AZBWTHIZE ORI R A2 5
n, COMOILRENEA IR S L7z,

ERA

TGO NWT, 3 EHKT T TORHR
—® % Table 4 [Z/RT. A OFFERTIIHELE
B & 552 EST D% 528 (Proportion) H3EIC
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Table 3. Chi-square values for tests to examine differences in
stripe pattern type compositions among the four Trishoplita

TAVRNE L, COMEIZL Do 2FE L
EIREAICEE L 72 (Fig. 7). 2, 4

species.
a WAS el = R A — L R
T.pallens  T. okinoshimae T. cretacea VERGT ORFEFEDRT £ 912, /\
T. pallens 0 A~ A T, sE, s
T. okinoshimae 365.3%%* KEWEADSHLZ EEZRLTWA. F
T. cretacea 155.2%** 227.0%%%* s s R
Z VR VHERNAY P
T. decussata 41,305 167.7%%% g AT/ TIIRRANALI A

***Significant at 0.1% level.

Table 4. Results of principal component analysis
for the four Trishoplita species.

PC-1' PC-2' PC-3!
Eigenvalue 3744 2.692 0.873
Proportion 0468 0.336  0.109
Cumulative proportion ~ 0.468 0.804 0914
Factor loading
Shell diameter -0.933 -0.266 -0.108
Shell height -0.631 0.743  0.034
Aperture diameter -0.957  0.059 -0.008
Aperture height -0.951 -0.042 -0.024
Umbilicus diameter  -0.741 -0.465 -0.139
Whorl counts -0.244  0.881 0.101
Apex angle -0.029 -0.964 -0.136
Aperture tilting angle  -0.213  -0.377  0.901

!'PC substitutes for principal component.

KRE L, 2T T TOREBE S (Cumula-
tive proportion) %%0.8 % it 2 7= (Table 4). KT~
B & (Factor loading) 1%, &% BE) L &+
5 & OB & Kb 2%, 81 R LA,
O, BIOE L mWEOME, 82 ERiE
W, B L OB CRERIEM & ITBEOMEE,
553 BRI R & IEOHBEAEED H 7z
(Table 4).

LR RTOERIZONT, 51 ERK
AT EHE2LERS AT AT
FL72b D% Fig. 7IRY. £, £
E2ERGAITOMEICL YA A Y
A< A DM 3FE S 15 BB L 7
(Fig. 7). ZHUZ, 2 Rl ORFAfTE» 5
bhbEHl, avyhia< <A TIEkeE
W TEBENS <, BIAMADVN S WEHE D S
LI EERLTWAD,

o3P TIE, £ 70y MEEHOER
EH5500, >ux A< A4 DFHEI WG A2

O~ ~Aix7ay 3N AsE
EAEEBL TV (Fig. 7).

M LA ERGT T R AT R\, [
KEDHAT B % VR LERIES T C & 12t L
TFig. 8 IR L72. u~x A <A T3, I &
OEEFEO 71y M ENEN, ) L F
EED, FHEENISEVE DMK 7 0
v MIE DTV 25RO 5 L7z (Fig. 8-A)
UL, v~ A AN TIIEL S & 2% D
JERBICENENEOA D V), € DOTERERIFFELIC
WIS B REMEZ R L TW 5.

T¥ ) vviu~A~ATIE ERERTH
B EHE o/ B (Pilsbry, 1901) OEAEE &
IS IR, Bk EORMETED 71 v
MRS E, Ty MIESEZREOHMIZ
M2 > CTHEAIZY 7 NT HHPIANA DL NI
(Fig. 8-B). T 72, 215 OREHA & BEIL 72 8540
WROW 1A X OV IR 031 #E O8R5 O
Zay MIFEICHANIZE 51227 b L, ERGE
WOMARED 7Ty b EIRITITEEITHEEL
72 (Fig. 8-B). 2O X H 2+ F /~vu~A
<A Th, Yu~ A <A ORISR
PO B A B A S B AT REMEAS R S 7z,
AT A AIARATL U~ A~ A LA
FRICEMT L OfEAEEEDO 70y b3 FERENR
M K F L F B MHEAA S L7 (Fig. 8-C).
R, /MR T EBECEETED 7T b Ao
REEL BB ICEENL T2 2 LA S e
(Fig. 8-C). X / A0~ 4 <4 Tldfliod 3FE13
SHEAIITHE TIE WD o0, R ) EM T &
DOEAETEED 71y MBS ENENF & F AN
WSER8 B L7z (Fig. 8-D).

SHEFORRE
AWFFECTRRIZ4FDH b, avyhravw
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Fig. 6. Relationship between shell diameter and portions of shell. A. Shell diameter—Shell height. B.
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Umbilicus diameter.

4~ A OBREIZBWTHRICE < ORI 26|
[ 2538.8 & 1L (Figs 4-7, Table 1), ¥ 72 F R0
WokRchbawyriu~xA <433t
EIRIZRECKHNENLZ EXHLNE L5
72 (Fig. 7). 2O Z &5 5 2 OO A H
R sz,

a5 av A A ORETE L B EUR
T (Gude, 1900), H[E# 5 —7 (ZI5 < AT 5
CEH, 1958; B4 - WEE, 1975; 3, 1982; ¥,
1986). MERIC & 1 120030 Bl Dt 2 o b
DWHY, INhproTruteiu~v <A
Trishoplita cretacea hypozona & & 1L7275, BTE
TRravyhiuaxA~ADORALET DR
MEHLTWD (B, 1963; 3, 1982; £ H,
1984; &5, 1986; iR - 2, 1993). EED b
DIEFT_TOMERT 0030 F 7213 0034 B> 757

& % DT (Table 2), x> Crutiu~A
YA L ENTD (EB, 1967), BIETIZa Y ¥
HavATA4EENTWS (FH, 1984). =
DEHICHNERED YT A a<v A< A121F
T D 0000 T D & D AAFAEE T (Table 2), H
EHHED S O & o BHE IIHET 2 X9
Thhb.

WERE & HEFEODI YT A< A<
A DEFRIZ DWW TUZIER ITHBREE <, IS
EE DI & 2 W7 NifED B ED b D
b EOTREICIRN 2 LED D 5 9 . T N
DEBEFED I ¥ v a< 4 <A IER
T L DRI, FT I OFER, /IMNKT
5 B DA RE DM O EARTE & 227 ) AHE L T
B (Fig. 8-C), 2O Z kS HhEMGED 2
T EH T ETATANTONT D BRI R
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Fig. 7. A distribution graph plotted with principal com-
ponent scores 1 and 2 of the four Trishoplita
species.

PEONL ITREMEDHEE SN 5.
FloouvA<Ab, FRGOIOMEE, i
D3IFEE LN ENDLZ ENFPSNERD
(Fig. 6), ZOMOMVIED REEI NS, v u~
A ANEE 72100 L (1A - P35S, 1975;
B, 1982; ¥, 1986; ILf% - 727, 1993), 412 MU=
HERICBRE SN A L) TH B (Fig. 2). 2D &
A AF L FoTnAEILELDEDD
HIMERCTH 2 W REE X RIZT 5. ZOHTH
EH T L IROBEICZENZ RO rH ), Z
DILREM R B A B OEM A A S b
% (Fig. 8-A), 2D X9 e IR, H5H
BERE HBUC BT 5 BprnfEagb 7w &
2, 1996) ORI Z /R L TWB Db HiZz
WV, I v A <A, Jacobi (1898) %F Trishoplita
pallens &\ ) 2 THAEGLEL L 72 D728, C
DFLEZFDOHRSEE L THYONBTEICE
S>THEY (#E 1986), v O3 A2 AI2DOVWTIE
S EOREIIFICZVW D EEZLND.
FFR/ovvuvAvALX /) AvavA
< A OFHEI DT, TR ] A Y 70 8%
LR E T OMLED A S LD S DD (Table
), ERSOOFERTIE Ty b I -EPH
MELALEEL W TmELZENTA L
T T & RDo 7z (Fig. 7). 7272, Bar R o513

Wi TR & {AHES %A% (Table 2), BRI & £
LT 2 52 IRk 5 2 L IIHEET
B 5. Z O BRI % BT I3 AE O P RE 1L
BB &5 1T THELLTE Y, 2o Z &
GAhdEdmBELHMEE LTH) 2 L3
FENLZWTHL ). fit> T, HO LNV TIE
FLHEM—TREEEROLND.

F ¥/ v a~A <A IXPisbry (1901) 7%
Trishoplita collinsoni var. okinoshimae & L CHL
LT, KALEREBIIOMT S5 V)
I P ASTA YA T. collinsoni DZEFE (variety)
EWVIIRNTH B . L okinoshimae W35 FEHEL
DIEHPSHMWT LTIV — TR EN
A DT, ZOMDFELIE Trishoplita collinsoni
okinoshimae & 7% % (FEIFEEN ) iy 24 HK) 5= 45.6.
4). = D1k, WA/ D okinoshimae H3FE/IN 12
FH& L, BUE TIUX Trishoplita okinoshimae &\
) FLDEA SN TN B (R, 1963; B, 1982;
NEf% - 2R, 1993).

—%, X/ Aa~ A ~A11%Gude (1901) %%
Trishoplita cretacea var. decussata & L CRLHL L
72bDT, ayyhvu~A A OEMOPR A
Tha. 265075 ERLERONEHD S H L
T Z OFEDEE%1Z Trishoplita cretacea decussata
&7 % (EFRE a2 A S 45.6.4). C ORI
Z D%, Trishoplita eumenes decussata & L CF
v vavuvAYA L sh/h (B
H, 1963; JEf% - 147k, 1993), % 7z, Trishoplita
decussata & L CHVAEE T LS H 5 (R,
1982).

Pilsbry (1901) DEL#L & Gude (1901) DELHE D
INFAFALW L7225 H #3587 1), Pilsbry (1901) %%
10 H, Gude (1901) %°1 T . W% % [AfE &
T % &SI REDIATT A Gude (1901) D
Trishoplita cretacea decussata 5B & 7D,
Pilsbry (1901) D&FRIEFDY ) =Lk B,

CDFEZTIEX /I A ux A< A4085awy
HaIATADHHEE ) T LR DD, L
ML, TNH 2RIITEREIICHBEICK I S s
CEDRBEDFERDPSWHL D TH Y, X/ R
YuRARA Ay A, A O
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Fig. 8. Distribution graphs plotted with principal component scores 1 and 2 of each species. A. Trish-
oplita pallens. B. T. okinoshimae. C.T. cretacea. D. T. decussata.

LT HDITFBTIER W, HE5 T, Trishoplita
decussata & U TV FEE X% (f, 1982) &
Bbnah, FavrayiuvA A~ O
&5 R (R, 1963) OFEIEITH LT, Hi
BOEICFayayasw A4 DT—
TR VDTERTE 2w,

FxF /v uv AT A IO LNV T
R A AL A A= EFREED, A
RISRE DK & %A (Table 2) IR REOHAD
7238\ (Table 1) 25RO b b 2 L b EYH:
ZIEHOEFIEEZEZON, ZOZENBRX )
A A YA DOHEE LT OPEYH &
Bbhd X/ ~viu~x <A DFZLIID
WX, X/ 220~ A <A DFX% Trishopli-
ta decussata & 3 %554, Trishoplita decussata

okinoshimae & 72 % .

FFR /v uvARA LX) Avav A
~ A ORI E B ICUEEREEET, - %/ >
XTI AIADHDE ) HITHAT B AH
WEd % 25, MHOGAIEANTIRICEHE LT
W5 (Fig. 2). Y0~ A <A FEEOMD 2 FD
AN ZIZHBE I EE L TV B DI LT
COL) GBI ERTHI LD, XV
TuvATA LR A <A <A DBEY
MR TH D Z & R TR D 5. 2k
Yy DOFEACATHE S M PR PR B 1 X 2 A G b
(2 & o TA L, BERE HE D X 9 IS BN D b
WZHIR ST 2 A OYA TS EFIE W
ICHET AIRECHERICES L S d dLl,
191). #F /7 ~vvavAfvf X/ A0
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Yav A A ORI

A A DBAIXFD XD BRI O
ELEOBEBICH LD MNG R F
Yeiu~A AT, EAERTH L0
POHBEND 1T ETEREMZERARE (%) (Fig.
8-B), [a]—FEPYC b B PEEE L e L T RE
B EASHEIT L TV B Z L filbi s,
AIFZEClE, O~ A <~ A f#ED 9 HIUEIC
3R BRI DWW TIERESEN, HOR IR %
77\, W DD D BEREEWFT IR &2 15, FE 12
FFR /v uvARAEX ) A AN A
A ITERERFED S FED L~V TlE A — &
HAERETHLEEDLNL. LaL, KO
PR T a2 55 7201213, F =
vyayuxA A RRERAGEOT TS
HAXARAEZHFHRDLZEDRATRE LS.
INHVED, F P ATATABHEIZOWT
FEMN 22 FERESLIORTZE R, B 5 W IXERF W T
bOEH LTI L OERRZ LR L, 58
W2 G4BTI RETHA).

# o

ABFFEZER LT, BF7EM A OFEAR Z ] & &
CTH 72 TR B R S5 A 0 A AR B, TG
HIEfEO KRR, B L SR B
ARFRIZIE S Brla L BT 5. Ak LR
FHE T g 2 ISR R & f ik L CTH
&, BRI O B LU
SHERFEYERAMORHREF LI E
BT OV TORELRY S« TH 72 Gt L
TEHOELET L.
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