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Is there an evolutionary relict ofthe Japanese giant flying squirrel 
Petaurista leucogenys on the Asian Continent? 
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In the Japanese archipelago， mammalian fauna is char-
acterized by a high deg田eof endemism at the species 

level (40% ofthe .total) (Millien-Parra and Jaeger 1999; 

Abe et al. 2005). These species may have survived on 

the Japanese Islands after their continental populations or 

relatives went extinct， fonning what Cro此 (1997)called 
'relic endemics' in his island biogeographical s加dy.

Some of these species may also occur on the Asian Con-

tinent， as evolutionary relicts (e.g. Imaizumi 1985). In 

pa社icular，the Japanese giant flying squirrel Pelaur;sla 

leucogenys (Temminck 1827) was thought to be re-
stricted to t加eeJapanese islandsσfonshu， Shikoku， and 
Kyushu Islands) and a part of southwestem China (仕om

Yunnan and eastem Tibet to Gansu)， showing di司unc-
tive distribution (e.g. Imaizumi 1985; Nowak 1991) (Fig. 

1)ー Thepopulation in China was田 a田das a d凶inctsub-

species of P. leucogenys (Ellerrnan and Morrison-Scott 

1951)ー Corbetand Hill (1992) reclassified this forrn as a 

distinct species， the Chinese giant flying squirrel P 
xanlholis (Milne-Edwards 1872)， based on its more com 
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plex cheek-teeth and lack of a white streak in front of 

and below the ears. At present， this taxonomic status is 

broadly accep恒d(e.g. Wilson and Reeder 1993)ー Molec-

ular systematic examination to confinn this classifica-

tion， however， has never been made. If the genetic 
divergence between P. leucogenys and P. xanlholis is 

ex甘emelylow， the conspecific status of the species will 
be supposed. Even if their genetic divergence is high， 

close clustering in a phylogenetic tree should confi町nthe 

closeness of their evolutionary relationship. To test these 

hypotheses， molecular phylogenetic analysis was carried 
out using mitochondrial cytochrome b gene sequences 

Materials and methods 

Sequence data of seven Pelaurisla species from the 

DNA Data Bank of Japan (DDBJ) were prepared (Table 

1) (Oshida et al. 2004; Yu et al. 2004): sequenc田 ofP. 

leucogenys from di百erentthree main islands of Japan 

and that of P. xanlholis from Gansu of China were 

〆

』→←占回。

Fig. 1. DisjW1Ct distribution (in gray) of Pelaurisla leucogenys as prev旧国Iy回portedby lmaizumi (1985) 
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Table 1. Species ofthe genus Petauristaexamined in the present study 

Species or subspecies name ldentity No. (code) Common narne Collecting locality Accession No. 

Petauris加。lborufuscaslan針。 1 (ALC1) red and white giant f1ying squirrel southem China* AB0926 13 
Petaurista alborufus caslone悶 2 (ALC2) southem China* AB092614 
Petaurista alboruJus lena (ALLり Nantou，1日i:tIwan AB092615 
Pelourista elegal1s lesser giant f1ying squirrel Jambi， Indonesia AB092610 
PefaurIsta leucogenys 1 (LEL2) Japan巴segiant flying squirrel Fukuoka， Japan AB092616 
Petaurista leucogenys 2 (LELl) Ehime， Japan AB092617 
Pelaurista leucogenys 3仏EN1) VVakayarna， Japan AB092618 
PetourIsta leucogenys 4 (LEN2) Nagano， Jap叩 AB092619 
Pefaurista pelaurisla melanollls l伊EM1) red giant f1ying squirre1 Laosキ AB092608 
Pelauris(a petaurista melono/lIs 2σEM2) southem Chinaホ AB092609 
Petaurista petaurIs/a albiventel Ayubia NationaI Park， Pakistan AB092612 
Petm川's/aphilippensis ~randis (pHG) Indian giant flying squirreI Nantou，1日加wan AB092611 
Petaurista xal1lhotis Chinese giant flying squirreI Gansu， China AY615269 

Identity Nos. are corresponded to those in Figs. I and 2， and the codes used in the previous問port(Oshida et al.， 2000) are shown in pa問ntheses
Asterisks indicate that exact collecting Iocality is unknown 

included. Partial cytochrome b gene sequences (435 

bases) were based on the shortest DNA合agmentda阻(P
xanthot臼)(Yu et al. 2004). Sequences were aligned with 

DNASIS (Hitachi， To匂0). For maximum-likelihood 
(ML) analysis， the program Modeltest 3.06 (Posada and 
Crandall 1998) selected the most appropriate substitu-

tion model of molecular evolution through a nested 

likelihood ratio test. This test selected the general 

time reversible model of substitution (Rodriguez et al 

1990; Yang et al. 1994)， took into account the propor-

tion of invariable sites， and followed a gamma distribu-
tion for variable sites (GTR + 1 + G). 1 rooted the ML 
tree with cytochrome b sequences of Belomys p四月onll

(accession number: AB126245) and Pteromys volans (ac 

cession number: AB097683)， since these genera are the 
most closely問latedto the genus Petaurista in the sub 

fanrily Pteromyinae (Mercer and Roth 2003). The ML 

tree was constructed with the heuristic search option with 

tree-bisection-reconnection (TBR) under the GTR + 1 
+ G model implemented by PAUP* 4.0blO (Swofford 
2001). To assess the nodal supports， the bootstrapping 
(Felsenstein 1985) was carried out with 100 replications 

Results and discussion 

An ML search， assuming the GTR + 1 + G model of 
evolution， produced a single tree (Fig. 2). In this tree， 
there were six lineages， suggesting their polytomic rela-

tionships: 1) a group consisting of P. petaurista albiven-

ter and P. alboruJus castan回目， 2) a group consisting of 

P. petaurista melanotus and P. philippensis grandis， 3) 

BelolllYs pearsonii 

Pteronzys volans 

P. petallrista albivellter 

^_ .P. alborllflls castanells 1 951---------" 

P. alboruflls c.目白neus2 

P. alborufus lena 

P. eiegans 

P. philippensis grolldis 

町 rP.petaurista melanotus 1 821 
P. petaurista melanotus 2 

P. leucogenys 3 
611 
I.P. lellcogenys 1 

EIeFU08四'ys2 

P. xanthotis 

--0.05 substitutionsJsite 

Fig. 2. Phylogeny of Petaurista constructed using the maximum-
likelihood under GTR + 1 + G modeI for the cytochrome b sequences 
Bootst四Psupports are given on b阻nches

P. alborゆslena， 4) P. elegans， 5) P. leucogenys， and 
6) P. xanthotis. Based on cytochrome b sequences， sev-

eral phylogenetic findings of Petaurista are previously 

reported. Oshida et al. (2004) reported the close 問lation-

ships between P. petaurista albiventer and P. alboruJus 

caslaneus and between P. petaurista melanotus and P. 

philippensis grandis.百1eunique phylogenetic position 

of P. leucogenys is already presented by Oshida et al 
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(2000， 2001， 2004). The ambiguous phy10genetic posi-
tion of P. elegans is suggested by Oshida et al. (2001， 

2004). Un1ike previous repo巾 (Oshidaet al. 2000; 

2001; 2004)， Pelaurisla alborザUSlena did not c1uster 
with P. philippensis grandis and P. pelaur日lamelanotus 

in the present s加dy.Therefore， 1 1imited the discussion 
to the phy10genetic re1ationships between P. xanlholis and 

the other Pelaurisla species (especially， P. leucog，四!ys)
In the 11在Ltree， P. xanthotis was not c1ustered with 
other Petaurisla species including P. leucogenys， indi-
cating that P. xanlholis cou1d be a distinct species. This 

means that P. xanlholis shou1d not be regarded as an 

evo1utionary re1ict of P. leucogenys， supporting strong1y 
the t拡 onomyof Corbet and Hill (1992). Uncorrected 

genetic distances (p-distances) among Pelaurisla 

specimens are presented in Tab1e 2. Genetic distances 

(10.12-11.03%) between P. xanlholis and P. leucog，四.ys

were simi1ar to those (9.89-11.72%) between P 

xanlholis and the other Pelaurista species except for P 

leucogenys. Therefore， P. xantholis should be con-
sidered a distinct species and not an evo1utionary re1ict 

of P. leucogenys. 

The phy10genetic position of P. xanlholis was still 

unc1ear in this mo1ecular phylogenetic ana1ysis. Oshida 

et al. (2004) proposed that some geographica1 evo1u-

tionary uni!s (groups) in the genus Pelaw官lamay have 

origi凹atedfrom the primitive divergence or radiation 

with secondary speciation taking p1ace independent1y 

and 10cally within each geographica1 evo1utionary unit 

Corbet and Hill (1992) described that extemally P. xan-

thotis is similar to some Chinese form of P. caniceps. 

Since both species are sympatrically distributed in south-

westem China (eastem Yunnan to eastem Tibet)， the 
hypothesis of Oshida et al. (2004) may be四 pportedby 

the further comparative mo1ecu1ar phy10genetic exami 

nation between P. x町村hotisand P. can ic伊's.In addition 

to this examination， to find the other phy10genetic re1a 
tives of P. xanlholis and to identify i臼p1acementin the 

phylogenetic tree require phylogenetic ana1ysis of more 

Pelaurisla forrns (speci田 andsubspecies) from centra1 

and southem parts.ofthe Asian Continent 
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