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WFZERE T DOBEZE (330) : To elucidate the role of genetic factors crucial to the invasion success
of bluegill sunfish in Japan, morphological and genetic analyses were performed, together
with Qst-Fst analysis in rearing experiments. Population analysis suggested that invasion
success in many populations of Japan was mainly due to high genetic diversity of their
founder population in Lake Biwa. Qst-Fst analysis revealed that difference in adaptive
characters among populations was caused by natural selection, rather than genetic drift.
Sustenance of high genetic diversity in adaptive characters was considered to be important
in the invasion success of bluegill in Japan.

AR E A
(SHHHAL - 1)
B st & #t
2007 FEJE 1, 900, 000 570, 000 2,470, 000
2008 fEJE 900, 000 270, 000 1, 170, 000
2009 fEJE 600, 000 180, 000 780, 000
AERE
R
woEt 3, 400, 000 1, 020, 000 4, 420, 000

WHIESY Y - oy FAERRYE, PRAERR

B D53 - M H -SSR - AR - SRR

F—U— N RO EE KLY, B2 LIRS, Fst-Qst BT, WIS, 71 —%
o e BAREIR, BIsRIZ RN



1. WFZEBHAR S F DT 5

(1) S RFED ALK - EARES & BET
2 BRI R OFfERNIE, S SRAE DL Ik
KR Tl < BEBREEIN OBRFE ICHB VT
HETHLHOO, [ENTONIEHITE
LW, Flo, AREOSMILR - EEICE
W R B2 RORZRBRELE N T, fEk ik
PER ORRGEZ: D N ML AL f[RE L T 5 &
HREETLH D,

(2) TN —F WL HARIZB W TIERES Sk
FEICHE S, & OBERRIZEKERBE ORI
BIL2EERETHDH, AERET L—F /I
DNWTILZNETOMEIZED | LIFOFER
HoENER>TND,

OBARIZALT DEEITAT 1960 FIZEHA
Sz 15 ERIZHRT 2 AR Em, @
B CRBIIZ A & JER LT,
@EBMWIZ IV TIXFE DA IR L
T RED 7 2 R BTN FAET B,

Z AL D Ol R AT R AR D HE AL i HE O i
BIIZ 38N T 7 b — XL DB 7= WP 52 ot S Fi
ThoOFELERLTEY ., AFENHIC 14
SRR D AW RO ICE £ 53, 1k
EMFCHLEETHDL L EEMT DD
DTH%,

2. WMEOBEH
(1) AekoJFFER 72 &5 0N B A% Hi o4 [

[ZOWT NSy F~ — T — % W - R [ g
MraqTuy, 1960 4E0D 7 )L — X )LD AN D
2000 DO HARLICHIT HES £ TORRE
EHEET D,

(2) TN—FVDOGAAIEKR & EIRI SRR
DR E IR LT 5,

(3) MM DRI
DEFNZH S NTT D,

BT D BISHIER

(4) BURHIZARVED R 72 2 HE D B AL ]
GOV TIE S S AN I AT -
B DEREL & BARO AR O &2 #HEE
T

(6) fAHERICZEY, 7T —F L OHEISHK
BUZ BT D2 DEER ZA ST 5,

3. WD IIE

(1) ALk O FER 7 & DN B AREN O KH
BRI BT 2 REMREHIZHOVWTT L
=XV T T BT,

2) MELEY IOV T A 7

774 KN DNA (MS) 10 Ji#E % v 7= 2 BUfi AT %
TV, RIS Z R & T 2 KM O
BHRF 7 & N R I O B IR Z2E R O
FEAERGMNIT 5,

(3) BEMIZOWTHEEOFEIEE BT
DB IR (Pst) AR, MS 225k
I B EIE . (Fst) L OMOBEGRE
gﬁ:ﬂl\\‘éo

(4) B EWRE I T L—F L OS5 Hik
KiBFEOHEE 7 & KA EMICBIT 585
MR MRy 7 OFEEZFFHICHEE T 5,

(5) BB T HIHT DRGSR % FA BRI SRR
OF SR iR S AN
experiment 4T 9 HHZ XV | BARAOEK 2318
ISEE (Wb, ) 12k 2821k
252 DB TN 5, EENEE O
BT D BIAHI R & BRETEIA 0 22 HAF
MOFEZEZ R 5720, BEHDOFHIZONT

reciprocal transplant experiment #1T 9,

common garden



(6) 7 —F LOLREEISEEL £ U D ER
ZRONIT D0, FEEBRICED b L0
T2 ST E OBARHI AR E (@st) & Fist
ZH. Ost-Fst BT 21T 5,

4. BFIERR
(1) ZV—=FNLOGMIERTrt X AR
LR OEM & S bk Guttenberg &
A A MOEMICOWT MS DSR4
S 24 (K 1), 1960 4ERICRA LIz
HITBISHIZHRMEDN &< . RAEEDOEN L
BRI ZERIEDME T LT, E72, MS 1
B FEZERR G 53T A AT o T2 P, BARRIZ AR
DOEWEMIE E Guttenberg DT AT
BT oHENH o7 (K2), ZoFENS, AR
WICERT 27— LMD Guttenberg
HLHBRTH D LI, A DILRIT BN E
R ZREVERME T LTV D AaTEME RS R S 1
7=

USA Year o first discovery
s

/1 1980-1987
[ 1987-2004

- Japan
% _[;m-iuiprﬁ A’ i j

P

N H@V““

X 1 7A—XLOREME. SEE’FRD
X T N— X OREERFEE ET.

a I mmmum:ﬁ,!
1.0 | . | "o 400< 5500 |

| & 300<A <400 i
| * 200<A =300 |
| wi100<a<200 |

15 1.0 05 0.0 0s 10 15 20 25
PC1

2 MSIEFHRICH S T — VB O ERL
ST B IE X 1 OO 22— RITxfi) .

(2) TN—=FNVDEEFERDDO AT = A
Fop & HUBRAORRBEIC DW TR D & | 1960 4E1RIC
RAPHRSNEHADOF T, EEW L3
iz W TEWHEBENERD v (K3), H
PR FERE & BRI Z AR DO RIE D —>Th
DHEMICI T 2 EHR BB T (4) OB
RIZOWTHRIZE Z A, EEBIZT WLV
HEWMBER RO (K4, 72, R by
v 7 ITEEEM D 100kmEAN OE TIERR
DO ST, TIHORERIT A ARER D
% < PEEEER PR TH D721 The<. B
AREMOBBZ RN EREBIEMIZ LY
XA HNTNDAREMEZ R LTS, BlH,
ARICRBIT D T V—X)LDEHIL. BN
WCEEM L VWO ERRRICE W TEIENZ
BRI D MERF 2 TRE & 3 2l (R B D 1B FE O 1
MLV HEEE oot B2 BILD,

A} Al populations (B} Lake Biwa (30} (€ Lake Ippeki (23}
s as w
;.,m:n: " Fyyloode 300 = :,,(mmm:
e A=08053, Poanoy au| #=038T4, Pcobol co| #=0ABD Pc D00
& .y .
N P
A, £
3 ¥ A o
2 AT ST
el I o
an 0 ™ " a0 M ™ s
Lo cstance (um) Damy Log

{0} Hitotsusa AL (63) (E) Laks Satsuma (54}

T b utsoe bty S
F
%
Logmnmnmmnm " mmmmmm .
I 3 T NA—XNVoOELHMICZEBT 58RI

{EDREE (F) & HIBRAYEREE D BIFR



(A) Lake Ippeki (J23)

5.00
o
o
4.00 Gl C‘% o ©
TEroe.tb  © °
TR
& &L
< 3.00 I c #, =
Boftlaneck £ -
o Nome a " m®gm m
& Weak [ O, o
m Siong S oa
y E— a
2,00 | o
[]
b= 02978 4
r=0.2978, £ = 00197
1.00
20 30 40 50 6.0 70
Log distance from Lake Ippeki (kim)
(B) Lake Biwa (J30)
5.00
o 2
o
00~ °
T o 2 a
400 S 5o 2
~~9 a oa 2
Q= 3
2 [ A @
< 300 o " 'r‘ =i
- 3 3~
= _\ mg" ="
23 um
| 2 "
2,00 "\,)
L]
b=-04726 *
r=05782, P = 00000
1.00 - - - - "
20 a0 4.0 50 6.0 70

Log distance from Lake Biwa (km)

X 4 HERAIEEEE L 4,0 BI0%

(3) T N—FILDIERE
Bk -

ek & AR b D
FHSOPE L ADBIMRIZEB W TRz E &
A AT OFHEIFE BT b sl SRR
DIRTFIZEW, BB IC ST 2 LM D4y
BUTHIN L 72 (4 5) . A FHEBOREIZ BV Thst
ERtORICHEBIZE RohT, 2<%
Ay Pt TR /NS oo, —EBIC
BWTPHAt FAtLY REEz xR, 7
— X VORGSR BIEEE#NICE D 0
TIRWEDN R I NI,

ST

(4) AIRITKEF 2 HEAF R OTTERE © 9 4EH]
DT N—F VA, 2R T
YA (BEEIZOE, A A 5 EIKX XX 4
fER=5F 20 %) ICX 0 ZREINEEH L,
PEIRHNZ BT % @Kl (30°C) 46 K OMEK
IR (20°C) TOMfFROATRE (RIS
AR E T, B, ZHRIINOF BT
FTO)IWTEWRDH D 0ER Lz, FOREE,
EH T L, mKIR X OMRAKIE Co 4TS
FEAL->TVE (MW7),

X5 &

X6 &5+

—
2

® Lake Biwa (31-35)
e A Lake Ippeki (20)
103  Hitotsuse Res. (59)
1 Lake Satsuma (84)
@« . © Others
% 0‘ *P<005
= o “ P00
"g 104 o o ° P<0.001
o 2 ° =} S
c o
& OOQO o0 ¢ o 1%°
- R T —— RS- N R W, &.
3 00 =} ‘.
29 o @° .
8 o $ o
o @ o
© 3
. A
a7 =
1.0 20 3.0 4.0 50
(b)
292
© ¢
p g o o
8 ol e é’{z 6—«%6@----"— -
5 ¢ &% 55
b3 c
g é
s
O 288 c
=
ot
286
1.0 20 3.0 40 50
(©
16.4 o
162
A
3
E 16.0
2 o
B SN SO
= g 2 *
& 158 »
x
166 B}
-
15.4
1.0 20 3.0 4.0 50
ST
R 87 T2 FHfE & 4D B
(A)
030
. e | Signifcance
Z ]
=
2
= 0
=
E
e
n?‘
000 085 Q10 015 00 025 030 035 040 045
(B)
oz
-
LE]
% s :.
§ L]
Zow
g #
g .
= am e . LS
I!_; {( {1‘ .-,
) e o, e 2.5
oo I brRE o e fe °
¢ oo
008 - - - . . - - . v
000 005 M0 015 020 025 03 03 04D 0ds
(C)
020
-
o1 y
3
D omn »
) L
) e
é;, 005 L
I‘_‘"
000 %
[ <
e
005
o.oo 0.05 010 CI.|5 oz [ 030 03s

“TZDPST&@T@B'Q%



EHE (%)

0.8 < G 08

0.71 S & 071 o ¢

061 N oy

051 \ 0 95 §‘Q
K Na

0.41 Y 041 § %

0.3 0.3 K

0.2 0.21

0.11 0.1

0 0

20°C 30°C 20°C 30°C
AR FERE

B 7 @ik (30°C) 38 L OME/KIE (200C) (1
BUF2D 9 ELHOHATADOELE EFRROE,
TR B E T (EX) . BLO%
FEIID B FFRET (FX) O4KELE
ER

HEHOV T 7 a2 v (EAKIE S K
BRI DAEFRDE) OENEARD L, M
K EAKKIR O M FT THAFRENFEH VY = 1
7 U A MIRERNS D —T7, BEKIRTOR
AR E < RKIE TIZAEREOFL N 22
Ty URAMIRERDH D Z LR bhoT,

HHICLD2ZDOLH5 RV T I7var
LADENL, EE LB OKRKE S & BEN
LT ENohrole (K8) . EALIZERE
MR EZIRAE BN S IR 72 DT D0,
KR SRR DM T THAFRENFH Y =
27U A MBRYEE D B S KR T O B AR
KR E < ERKIRTIHAEREORN ARV ¥
UAMZRMEE~EEHABERLL TS Z
ERbroTz, L, (Wil y, #io
72 9 DOEMTIR) K& 2WVEIT/ N & 724
L0 HERAERDEWVATREEN D D720, 12
ANEROEND Z O L 9 72 KIRmHED (L
G2 T BIZ O T B A%, RBBNET
BHo,

HARDTZ L—F /1T 1960 FIZEA Iz
DI 15 ARICHRT 2 b 00, HALRE
SO BRI AKIRTHPERE D L3 Z > T
DT L DR ST, AR AR
A RAF TR OKIRMMPERR OEVE, 7

=XV DRIENEE B DIEED—DOTh D,
ZOFZETIX, FRIZ, RE Z2WHE O,
i KR EAKIKIR DB THAFR =23 & < KR
BRBE DZEAICR LT L0 FHHICHHE T 5
ZERTHIENT, DT, TA—F LD
FH (PibR, I CiADRY) #5825 5%2T
I, RERE TRV EERNRIRARD 5

o Z LRI,
0.6

0.51{ Ka
A u
04 .,

;
N
§oH
|

u
my
i
i
L

0.3 1

5

0.2

2

=)
[
| =

0.1
0

oy

0.6

WFovrar/lh

051 Je

().‘I -------------- . j[

o

0.2 '

by
0

O

M8 MOV T 7 var /)L LADiEN, %
N D fbfrfaE T (EX) . BRUXH
I F BrfET ChAX) D4R, B8
M2 ER L IR AR TR L TH 5,

5. ERFEER
(WFFee . WRgE o4 M ORI S22
=Y

GeEsEsmsg) (B 1s1h)

1) KRAEK. FFEINKET L—F Lo HAK
TE AR ERNC W T O LA F RS .
57 B USR] ) | BREEAF ST TP 203 (@72 L)
55, 29-30 (2010).

2) W)l W - KBER. HTEBEY—I—%
FWTHREOIRAARRZED EHERE.
A ARA B 2EE (B FA) 59, 129-130 (2009) .
3) {IRTh— « FILHEN « ZEEH (14 44) .
VTR AN SRR & DM X B FE SRR IR D A
B =R N, HAREREZSGE (EFA) 59,
131-143 (2009).

4) KB ER AT — I T .




SREY O /INEAL BISHIERE) & B RRIRO

xR E]. HARARESSGE (BHA) 59,
153-158 (2009).
5 FEJII W - KEFEIR - SAIRAL . - TEH

i - IATZh— - JIGRESE. S rEm~y— T —
ZHWTHREM DR ANERELIRD : AfE
REB~OWH AR, AARLEREESGHE (3
FiA) 59, 161-166 (2009).

6) Yonekura R, Yamanaka H, Ushimaru A,
Matsui K, Uchii K, Maruyama  A.
Allochthonous prey subsidies provide an
asymmetric growth benefit to invasive
bluegills over native cyprinids under the
competitive conditions in a pond
Biological Invasions ( #& 3t & ) 11,
1347-1355 (2009).

7) Kawamura K, Yonekura R, Katao O,
Taniguchi Y, Saitoh K. Phylogeography of
the bluegill sunfish, ZLepomis macrochirus,
in the Mississippi River Basin. Zoological
Science (#@ifi) 26, 24-34 (2009).

8) KEHMIR. 1EREMIIKTHTNL—F
D FEARFE RAC ) F 7- AR RS X OV (b
AOFSE. I B AT BR SRR SE T Je s (A
72 L) 54, 18 (2008).

9) KkEER. Elhick 2T 54 KED
RO PRBARE TWD)I) (AEHifE) , 2008 4 2
H %, 103-105 (2008).

10) RATEME - RETE - FHZh— (L 74).
JUNACPEES, A - )\ R0 7 VU —
JIZHBIT DIKFEIAD AR OB, KR T
28 (EFiH) 31, 395-401 (2008).

11) Yonekura R, Kawamura K, Uchii K. A
peculiar relationship between genetic
diversity and adaptability in invasive
exotic species: bluegill sunfish as a
model species. Ecological Research (# &t

H) 22, 911-919 (2007).

(FaR) Gtsih)

1) KAEK - ) —. PrEa~—h—
E BB O RAT L= LDE
ERINERD. 5 55 Al H ALRERS. 2008
3 A 16 H. wERESES.

2) AT — -« LN « ZE5W (4 44).
TR AN TR & DA HET K B eIk D A
B =X L. H55 [mHARERES. 2008 4 3
A 16 H. takERESERS.

3) FATh— - XEER. BEBMOT L—F
VDKL SAIER. B3 [EIFE AR R
4 B SRS I SR A D -,
2008 4F 1 A 25 H. #WEFNLIRERAZ R %

4) KBFER - A — - WHE K 1. Paradox
between genetic diversity and
adaptability in invasive exotic species:
bluegill sunfish as a model species

International Symposium on the Origin and
Evolution of Natural History. 2007 £ 10
A5 8. JbfE KR

(ME) GE11F)
D RS — (5fh). AL HEshmir
FEOFEHL. 2010. pp628-633.

(Z D)
R BR— A
1)http://www. bio. mie—u. ac. jp/ kawa—k/Mi
edaiX09. pdf
2)http://www. bio. mie—u. ac. jp/renkei/see
ds/kawamura. htm

6. WFIEHER

(1) WFzefRs

WA Zh—  (KOUTCHI KAWAMURA)
SHRYE KRB AEE IR R
HEHH=

FgeE 5 1 80372035

(2) Wrge sz

WS B] (AKIRA KOMARU)

SEKY - REFEGAEMEIR AR - %
Wrge 25 1 10293804

KA W (RYUJT YONEKURA)
Iz B VAR BRBRAFZE T « FEMFSE R
FFgeE 35 40455514



