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We aimed to test whether ecological speciation could result from differentiation of body size
between populations adapted to different altitudinal conditions, focusing on the body size variation
among Carabus (Ohomopterus) tosanus populations at different altitudes. Molecular phylogenetic
analyses showed that C. tosanus was a monophyletic group diverged within Shikoku and that there were
only small genetic divergence among populations at different altitudes, despite that body size was
clearly smaller at elevations of about 1000 m or higher. Field study indicated that the smaller body sizes
at higher altitudes was related to adaptive responses to temperature and food (earthworms) conditions
which were limited at higher altitudes. Laboratory experiments showed that the differences in body
length between populations from different altitudes were largely determined by genetic differences with
a small effect of plastic responses to temperature. The analysis of heritability revealed that the difference
between populations was attributable to maternal inheritance (probably due to genes on X chromosome).
Mating experiments showed that the body length difference caused a mechanical reproductive isolation,
suggesting that the body size differentiation can result in speciation.

AR ERA
(BAHAL < 1)
[ERESEE N [ E 2 & &t
2008 F 5 5, 800, 000 1, 740, 000 7, 540, 000
2009 4 4, 600, 000 1, 380, 000 5, 980, 000
2010 FJEE 3, 900, 000 1,170, 000 5, 070, 000
e &t 14, 300, 000 4, 290, 000 18, 590, 000

WEEA OFM oY . AR
BT OoF - B - Y. LRk - BRE
F—U— oL, AGEREEE, QAR AN, (R X



1. WFFEBHAE SO 5

AL & AR O RT3 T2 72 53
FAE L BTEOMRIL, AR D B2
FEETH 5. A, [T E O BRI
FRAEVZ BEE U C, BrBE A _E COMIFTH 72 HE
IHMERER S TWA . AIFTIIRE kI, A
WELTRICBUTE 9 2 ERREDS, R T it L 72 23
5bT 2 TH Y, B - Rtk
w7 DS A G de. RS U B AR o
BENV B HIIR STV 51F & RATHIFE Sy
b & BRI N = 5 2%, BBy i s 880
THIFEEGLITEE L 2D ETFRIEND. L
H UERRIIBFZE Tl 272 2 /A 2 0
T AE AR £ N BB AR L CHAEA/ER 2 o
ZEIZEoT, pWnRRAEZ Y, FIXEHE
ST L CRELICE A AN TSN T
Wb, LI, BB & AETRIREEC B 59
D EEENELETH DHHE (B2 IXKkF D
RE AR & OWEWE), MPTROFELITE
ZDRTNETFRISND ARESCI e EoE
IR BREE AL, EOEMIZE - TH LR
72 b DO TH Y, MIFTHFES L2 fRIHT 5 2
LIS E L T D TR RE & B AR
HETEETHD. UL, HIFTHIRESLIC
DNTHE, BARM R RREESIXFE & 720,

WE AR « B EERAPHIC AR T 2 B ARSI E
DA LV (A AURAY A VHERE) IC
1, ENOHBERZR L L2, EREOE
AN RILS RN D 2L & 0,
RIEAR ECOREMENLREOLFIZED
WFE AT D DIZAFE R M CThH 5. A
AVHETIE, YA XOHBE RN, KE
WIS & S L7~ L 7 < RS2 —
(REMRWGATIZE /NS 72 5) 2T &
[RIFREIZ, MM AR 2892 £ 9 7o FEf
DA R NRN D 5. &I OTE - BfE
Wb LA A Ay A E Tl KA X
DB 2 ~5FEMPRFTIICAR L, FOHM
AEEMIRIC L TRZ2Z->TWVWD. ZOHE
TIE SR U 7= 22 )2 o5 A3 FE ] 00 B Ak 1) I B
WZBIfR LTV 228, [RIFTHIFER] DR A X5
N, RIRIOZE L I IMST IS AETEREE w5 L
TWAHZERN, 2 hay R 7 oOEMESR
BRI LI CaREanTn5D. N T
WL 7 <= VRIS LTV D 2, K
A RO FEPNZ BH A B BL o~ O 38 i 12 B AR
T5Z LIIHER SN D0, IR A XOFER =
Nl L= - @\ERIIA S TRV, [T
MR DR Y A X5 i: LI LIRE RS
IR L - REEB CHH SN TE 2R, &
TR T AR ICAER T 2 72 8 1258
NIpERE L IR ST, AL THEBET
b BB ARG ER L IXEZ SRR, LA
BEMED mVMEELIE, RUEAEL Lo RS I
KBRS A X3k E BB O I LT,

b L BT LERZER Sz e v, fl
ATHIFE LG T 5. Z ORIFTIFE LD
ATREMEIY, BUER OGS FEN O HIEE Y 28 A
PRI NS Z L THREETE 5. MWEIC A
T 5> ay FH% LY Carabus (Ohomopterus)
tosanus TIL, ERBEEICEL KA XDE L
WERNH Y, E-—H o TI3Ey 4 X
DR DR (HERICRS) PARBEL TV
LR DENS . Zoled, vars At i
& 2T DHIEE VDA, TR
R ClZ Y 2 7 A by O BRI FEE
FhE L, WESMEITRED LD THD Z L
BanoTND., ZORITHAAF LTIl
BETIE, BIIEOREAR EORY A X%
Fon & LC, FENEZ Y >2oH 5 etk
Nhb.

2. WMHEOEH

AW TIIA A A AT HEBO 1 a
FY L OERY A RERIZER L, SEAR
ECoRAT#EGA, b L R HERAFIC
RN D AREMERGET S, 9, EEAR L
TOERY A ZDOIERNRE — 2 Z T L, &R
IR - M7 CREEEIK & Oxtis & ST
e BT, RIS A X3 FEERIZ S
I E d EEd 5. £/ hary KU T&E
GBS, ~A 7 a7 T4 MEFTIZE - T
E AR ECOEMOBIEHIREGE 2T, £
o3k & B\An B O EREEZH L M2 T 5.
WAZAR Y A X3 AL DIREBR ) 72 ATl bR Bl % &
oT Ikl BENRERIZLDLOTH
5 T, QTR ME @R TIX, B
BT mEN V70 b H D2 &R T
HHDOT, &LIEY A RDOERNKEVWEE
(M) 12B8W\WT, (KA X 5 fEikn
BN DR A EEOER & O RERRZENME
RO L GEBEEHBOBESH), T 0
HEH TSI D722 0N 5 [FIE A B o8 5] 28
HHZEERAET S,

3. WD Ik
AWFFECTIE, & EAR _EORPHEGIC X
S TR A U D0y, F1-FSy
IEMEZDELELED L) REHNE
HENERHONMNIT B0, vars ity
ERGLE LT, ROATEHAOWIEEFTR ).
(1) mEAE DL
MELSHIZRBWT, 44 LAvliEs
REL, RERAOEE (KA X)), #&
i, LM OB -RE 200+ 5.
BIEHREEIL, S ha v R TEETR L
RN~ 7a%T T4 MENTICK - TITS.
LM O@EHE, B RENC SV T,
[ E R BB B RO HEE I L DR &2 1T
D).

(2) P o IE5E



KV X, sh b BB AT E &0k, 1
FHIZRIE L TWD Z L 2B RA %@
L CHRGET 5. AERILROE S 1000m 2>
5 1700m (22T, 5 o0OFHEMAERE
L, EMZ@ L CREBADOY T T EfT
L b, WEOWELEHDOI I XDOH
EEITH.

(3) eSO fn i Fai o fif i

Y A ZDOFmELEEDOEKY A XDER
MEEZHA ST A9, 5 1000m—~
1500m CTHEEE L7 fE{R % ] E L CERIF L,
15CH L 20CTHE L T, KR DIEK
YA REWET S, £, LB OLE %
ToT, KA A XOBEREHEET 5.
(4) AFEbREEEDFERE

BENFBICL > TELNZRERZ W
T, KA XDERRLEMBORE T, &
B (EF7Z2REEIRR) (Z380T D Hkro ke ik
MWETLDLNE I DERIEEL, (KY 1 X031
& BRI ZE BB R B O BIAR A2 MREET D

4. WFFERk R

(1) mEAR _EOLEMSE

varg YA OB ER T L oK
YA XEE L, EHBOBERIBEGRE I
h=> FU 7 ND5 EHx RSO —F v
AT K » TN, BEIFESE 1000
mfHr & 5IC K& <Ze L, |\ i/
Lo Tne. BB OBERMEIZERE
DIFNRC, HIBLA 22 dAE OE D &It L
TELT, KERRLR->THTYH, ITHEEL
MBI OSIT/ N E Do 7= (EEHEEN
AEIZEr LD KRE 1T R2hoT).

(2) JRpmiE R o FE5E

2009 4E12,4 A2 5 11 A O, #5 1000
m”2 5 1700m D 5 H s Tk R 72 Y-
Vo TR LRI To7-. 2k -T, 5
TEOFEHMENEREICLIHNEZ T
TWAZ L &R L. £7-, thhofiL
725 I I XOFHHEEEM, miEs T
BN DN ER o Te. TG ORE
B, KA X, SR R AT IR 5
:, BESRAEICHIR LTV D Z ERRFEES
7. F£2, ZORETIE, IIXHE (FEIZ
7 F 22X omEERIZOWT, DNA
N—a—F 4 T HWTERE 21T 7.
I AOMEERITERIC L > TRELE
b5 2 Lideno T2, FEOZEEMEITE
=D ST E Do T,

(3) e D& s ) Foi O fif i

WMEAHMO R H5EE N 6ELITE
%, 15C, 200CCfE L, KEDIREIZ
L AF A RREE L~ A8 L0320 R

RAHEEmMNSEONT- 2EM (L4,
i) 2RV, EHMRREITY Z ik
S THEY A AOBEFREHE L. O
B, MEBL B T~ DFER TR 69% Th -
7208, HEENSF~DEIFITHAEE TR o
7= SEFEOEY A4 XEITHEM DR F (3
ebb X Yetafk Eo&EET) TRE-> TN
% AlREMEDVRIR STz

(4) HA5kREEEDSERE

FBEEREBRICL>TELONEZELEEMAOK
AR R A2 v, EBHN, RO ES
FREY A XOMBE DT CTREER %
TV, ZREIATENCRBIT D~ T 47O
BB, HERR s DAL, Rk
R FEERE L. EFFERE CHEMN
RELE BT RRBITEN A LN, K
I SRV I MR DR Y A XD R E LR
5ERT L.

U EDRERMNS, varz i aiix, &
BEIZ X - TELT DIEE - BHERBEICHRS L
T, BEHREYA X 0bERT 28, Z
DB 8L, FICHRER o Bk
FHEOERIZLDZLEDTHDZ &b
o7, 2 hary R TEAT CARIZEMM
DEIEHIED/NE N EnD, BRI
B A Z=IT i E I A T
DEZEZLND. FEHOEEERY A X1,
HIZ A AUl 72 1000m 13 TR & < &1k
T DD, T OMRY A X =T AL 5 [
EHTEHT RS MmoTl-. Lo T,
IRV X554 A3EIFT B9 722 45 [ R o0 A B B
HELZ X A FESBIC D78 B Al REME S R e
hi-.

5. FERFEEI/LE
(WFgEiEE . I3 R OS5 1
=Y

e SC) (FF 12 1)

(1) Konuma, J., N. Nagata & T. Sota (2011)
Factors determining the direction of ecological
specialization in snail-feeding carabid beetles.
Evolution 65: 408-418. (&HiH)

(2) BEHEEE (2011) AW L2 FOH -
AREPOHEAE T M. BhE AR
46(3): 2-7. (&)

(3) mRZREL (2011) AH L DRREHTR
LR O —IEIRIK & BRI, B
&SR 46(3):9-13. (FHME)

(4) XM= (2011) AV L o®
BFE-I by FUT DNA 3R 9i2d
PEASHE. Rl B4k 46(3) :15-18.  (Fwe
)

(5) WIRFE (2011) AV LT DA/ E—2



IR D BT & T DI A KE.

B Ek46(3):19-23.  (FHilE)

6) /MAIEZ (2011) ~A~A W7V ORI
RESRRIR D - HEMEA Y A O HIEE
TERBZE R OB, Bh & BHX 46(3) 124-27.
(AR )

(7) Sasabe, M., Y. Takami & T. Sota (2010) QTL
for the species-specific male and female
genital morphologies in Ohomopterus ground
beetles. Molecular Ecology 19: 5231-5239.

(EHH)

(8) Okuzaki, Y., I. Tayasu, N. Okuda & T. Sota
(2010) Stable isotope analysis indicates
trophic differences among forest floor carabids
(Coleoptera: Carabidae) in Japan. Entomologia
Experimentalis et Applicata 135: 263-270.

(EHEH)

(9) Okuzaki, Y., Y., Takami & T. Sota (2010)
Resource  partitioning or  reproductive
isolation: the ecological role of body size
differences among closely related species in
sympatry. Journal of Animal Ecology 79:
383-392. (fFiA)

(10) Sota, T. & T. Tanabe (2010) Multiple
speciation events in an arthropod with
divergent evolution in sexual morphology.
Proceedings of the Royal Society B 277:
689-696. (fFiA)

(11) Okuzaki, Y., I. Tayasu, N. Okuda & T. Sota
(2009) Vertical heterogeneity of a forest floor
invertebrate food web as indicated by stable
isotope analysis.  Ecological  Research
24:1351-1359. (&#HiH)

(12) Nagata, N., K. Kubota, Y. Takami & T. Sota
(2009) Historical divergence of mechanical
isolation agents in the ground beetle Carabus
arrowianus as revealed by phylogeographic
analyses. Molecular Ecology 18: 1408-1421.

(EHEH)

(%K) G2)

TR = - BIGRE - R AR - HHE. v
A F Y LAUVIIBIT IR A XOEEE
BB 53 23N, 5 58 Bl H AREREFES

2.0 2011 £ 3 A 10 H. fLig= >~y
varvkH—,

+EE= - FHER. WEEAS A AV LR
B DY A X5 X B ATERREE. 4 57
Bl B AR RES2 S K22, 2010 45 3 A 17 H.
WK,

6. HFIFTHELRE

(1) Wrgeakss

B E¥k (SOTA TEIJI)

AR « RFPZEFLTER - Hdz
IEEF S 00192625

(WF5EtHh 11748)

TR = R - REBEAT IR -
1R R R e A

M Bt RUERRT: - REFEBEEEATER -
MR (B - BRI R A 9E B)
BAR s TR - RGBT e -
WrFER

R REL ARE R - REEBEA I RS
FHFIERE - HEEER

YR M AR RAIIER (D
RE)



