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Origins of fishes in Lake Biwa: A molecular approach

Katsutoshi Watanabe*

Abstract

Lake Biwa, the largest lake in Japan, is a typical ancient lake in temperate Asia. It harbors more
than two thousand animal and plant species, including about 70 indigenous freshwater fish species/
subspecies with 16 endemic or semi-endemic forms. Lake Biwa is more than 4 million years old, but
acquired its current form, including its unique environments (pelagic, deep, and rocky zones), 0.4
million years ago. Endemic fishes in Lake Biwa are traditionally divided into old “relict” species and
new species that evolved within the lake; the latter are assumed to have evolved through adaptations
to the present lake environment. Our molecular phylogenetic/population genetic analyses have revealed
that many species considered to have evolved in Lake Biwa in fact have origins that are older than the
present lake, although other species likely evolved in response to the present environment. The historical
demographic patterns of many endemic and non-endemic species, on the other hand, suggested that
their populations expanded after the development of the present lake environment. Lake Biwa appears
to have functioned as a reservoir for species and genetic diversity in western Japan, and this may have
facilitated further diversification and adaptation of freshwater fishes in Lake Biwa and adjacent waters.
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EEMNIHATRROMMEZ AT M THY, 7
4005 FEDL EoER 2 MR E oS 2o
" ThH 5. ILRZMEBLE A m 1 SR
2 Lo, HEMOFRICILM I IZRE KR E K& <
W DBED)LDY, AKFRITIZ2,000%E 2 #1285 4
WA A E 3 % (Kawanabe et al. 2012). K
FREGE ) % & 5 L7000 (Hfi% &) A4 R
L, BEMARIELEOZ 2T THL, H2E (16
i) & 5D sREAMICBWT MM EHT 2

(Okuda et al. 2013). S o JAIF 2 A, B2
WENAL NIRRT =AW, T I4ilRET
X, B BRIMBEDERIEN IS L L 72 “species
flock” DAFAEDS LA O A1 % R AT Tw 5.

LA L, BEMoOMBEMIL ZHe-ERICEENS
VESTOOEAR L LB AN SR SN, ZOE
A PEDORANE BB BSOS L 2 b D L3R % 5
TWwa (K1), 20X REBENOMEE 2 AEHIX
EDXHITHEL, FBELTELDRESL) b

HEM oA 2 Ma8EM L 2otk L, BISICET 20
ZRIFRWELE D (BIZ1E, M 1908 ; Annandale
1922; Miura 1966; Kawanabe 1978). 400J34ELL 1o
MORERORT, FEEMOMERERE - MiEIEk& <
ZEELTE., BENI=EEE FEEICFE L2
B 2Rl CRILEW) (S a3s L, AL RE)
LaDs, BARELEHEM R DOV OholiiE
BNORAT— Y %FT, #4075 4100 DL BAE O
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2. BB JIUVHEBRONE L ER (BEBHRERALHRS 1994), s LUEEHEEREORERIED, 5> DAk
F (Tabata et al. 20160 F — X ICE D EER). HUEEMRIE, I F2> KU 7T DNA# 5kbp DIEXEERSIF — %
LR - HIERRICE DN IHEICL S, Z< OEFERTKISRARESE MO RBLIATNCEERITERE
ERE L EHEIN.



TREWHOBREZ3ESETE 7 (BENARKRD
Whges 1994). BEMOBAMIZIE, 20 “FrLwv
WOME B (M, REH, AR ~OE
Iy - RIS DA SN A0, fEk, ZTRHIEHL
WIOBEED b & TEBMD SEISIC b L
WEAR" 72L#%2 5N TE&7 (Kawanabe 1978 ;
& M 1978 ; Takahashi 1989 ; ¥ il B & 1 if 78 &
1994). F7-zn & dpic, HwRikoEEKRY &
AHRINTEM (CEAEATE) dHFET L. bk
RO A~ IR A T FF R ETHR LN DKM I
BUF 2R TR L 72 @ 0B 257 &
L, MEwIZHAREYy N EEET H R
HRNCEE Lz &, AFIZZHILEIR (divergent
selection) 2 & AR LEZHVELEL, Z0
KR, IS R SR LR AL S LS T
W5 (Schluter 2000; Nosil 2012). % 9 o 728150
5, FRICHINEARICE LT, 4007480 DUBEIZ 56 0%
L7-BIEEMAANEA L7272 2 B3I @ L 72
MO RIRBERE SHME L 721 &) ¥ F ) F i3S
MTHh, FENZEEDNA.

LaL, TOX9H7% [BHEEBM~ORA L]
EWVHHHER Y F ) FId, EZFTHEETHY, T
MR C— MDD LDEH 9 H. bILbOfZE s
W—TE, INETHEFRAI Y — b S
NC & R O RFA LM ORIFEIZE 5 5 fEk DK
BEMGEL, HrokidEfby FU A 2iid 22 AEL
T, KB T# N T — 5 2 V725t %17 -
T&7: (B21X, Kakioka et al. 2013; Komiya et al.
2014; Tabata et al. 2016). kD> 1)+ % [HIH]
BEA AL & S 12 HlIE4075 4R 10 LLRE L de sl daci 2 © 43k
L7z ERE&ESHMLT U, FRIEESN5T%
Wi 2 O WIE 2 EEA T BETH H. £ Thhvbh
X, I b2V FY 7 DNAKERYF—7 L8 &8F
W - ALATERE VT, FEALTRTOB A
2D W TR 5 O AEAC % M L 72 (Tabata
et al. 2016). X HIZIEREATE L Z O 7L KFHIZO W
T, DNA BHl 7 — & 12360 < B NI By e 2 %
7o 72 (Bayesian Skyline Plot i%).

T SRATIRNT & AR R DG TE, WA FE AT L
VIO MBIEIZ L L7222 v ) PN LT, %<
O [ A Tl A D 43I A3100~300 5 4EHi &, BUCHI 03
BEMPERENLUEICHS S EARXHL2E 25
2 (kryEOa, FrouavwsF, [ HHFERE:
Tabata et al. 2016 ; [X12). F 7= WA RE & & A7
ERiE b 0DXINIDBFERMICIZoEZh &L
eboTE RS, EESERN S %D OEARMA,
BUE, BENCEELTELLTWSIITHAS.

=75, BEHRANCEW RO ORR, EAHEZ 5D,

HEMICART 5% < OMFEDS, FH LWEEH O
VIR IR 2 2SR S22 L b h, —if
OFAMIZZ ORIIME L7z &g s (ATE
aa, 775k A4, ¥USA; Tabata et al. 2016).
HWEAESRME GO, ZORMICH:RoREE >
TG, B, VAT AT EE
HEISHELASHEIT L2 b D L HEE I NDL. 20w D
PO BT, BEOHME L N RH
DEEMNICASNLZ Dol (B A, ¥
T4, FRARZY).

R O EA B ORLEEIZEROBEL D D
BHTHDL L) RELZOERERE L LI ET
E7WOEROHRT, BAEOBREICE @ L7
AHO RGNS, BABBEEMORIE 2122 2212
WDHDIERERES ) H. FOBE O, TATEIATE
T LB, TOREAEZLVOD, FBOM
N R E R E RO LT C& 722 Lildh
HEDLNHLNEIEZ TS, BEOHEENOREROH
THIE LS E LMl (B2 IXHEW) Tid, B
25 O/MTED L 5 % OBEEEA~ D @I AN HE
AT ETHSH. HMERKRERNIEEZ L, @, =
MEEEEE LTEHAINL O XD 2 #ESE

(Kakioka et al. 2015), BIEAZALL7zHL b5/ 4
OHFIZ [PA B2 standing genetic variation] &
LCREE TR SN, 20X 2 ERZ T LE
HER 2 2 BBEICBWTCH R LT ThrH. <
NOIEH I L2 sl L 72 & &, W OSRHE
R 2 e &7 A AT EREE EBT L L EZ S
% (Schluter and Conte 2009). FEEM LV 0 A D
PR FHOMEL AR BIZEHMED [HEOH] &
LCEELREEHZ 2L, 522N 2 LN
EHEILD [AIAEOH] L LTHYFHITCTELLHHES
n5.

GH, 7/ A LRVOT— 5 ORURR HEBSENT 0]
MR L > TETBY, #ELoBEERELHO
T A e, TR IEENERORFIZD
WCEHT 22 L b WHEICR D ODH . S8, LD
£ EEEBOD L CEHASINLLE, A, AR
PREDBENBREAOMEICOEKRTHY, F2n5
MNED L) EHP 7L 2L > THERINTE
PEHALPICL T ZEICLY, EFEZIILDE
T 2EEMELFHOBEIE L HEIZDOVWTO XYY T
LERIHEA T SO LIS NS,
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