.... ; _ _ lmo:n.iIy-' ""'~"'"
,_, ' , .......) .. c.:-.:W_ _

\
'.' •• I
a.._
.....
ONAS

Io(c".;.:""'I
no

Xiooqil'J'ANO', frlio&QlI'f(J', W....... u:',_UlfIJ'

U:E:oo_-,

I Key
ofllco""" .... ~ Soi<n:< ;" (1:. , I ' . I'..... E<Iu<ooio:::.
C_Pc P,o.i:...1K.,. : ..
Ii..,M:.y Of'!d Sollo .........M-. Collop of Lillo
:;.:ioo_ Soooh Chino _ , 1)"1.....~y, O.. nphou, <Jua::cdonI5101iJ I, c;:,;, ..

2. Tho Co

boo...,. '"

= ...ion A&<n::y, 6 S"""","", SIL..., _

$ouI~O:io::: ...,""" _10 .... '" "

oj ....

........ RJ 0213', USA

-...picaI_ .... O

V~ C

F,,_P,o' ,,,....100_' .......T--.HMo.:,_ ......,iIu:, .... ,....

Wi _ - '

~

.. __ ...

.....kof ... Tn>pi< 01',,--, W _ Soul. aro. io <hinod "".....,. ....... ""'Iud.....
,.., .... ilsbiE· ...... , ........... 100.;.. .. _ 0 1
l_rr ... 'Mdi:: ......
ofl<ticlll, .... .,..... ''''''''"'''" .... """", ",,""_i.. , : ' ,,,., ~.i ..... _ ....
only ;"
to todI "''''' ...........,.,,,. I:uI .100 __ d"..". ... IoIaI " _ " . (V""
2002~ Si::cc PI"""""' ofll:o 1010 Ttrtiot)', I _ i o " 0L'Id ... ~ oflho -"""ide
cy<1cs ... _, ,t.: 10.. , "f,n. SoLO" Ch .... _10 fho<:t_ pntl,_ A, Jlacial
",ulnoo _ of'ho roaoin< ... , oho lf "".. ""_h.bo SouIh CIIino lIoo ,.. obo", _ , .. iI
_ In (II ......., ofT... iot)'_ TIIo
of South Cbi::o cb'oc ,... 10.. LL<LI "' _ _ LOUth
ofllep""_ U._:...... (Liu .. 01.,1002; u. ...... 21)1)J~ 11:0 ,. Ad ....... _ _ ofCMino
oli ... T _ "'-1rn.:..o(" '.ILL ___ 0:;:00 ............... , n , ... Iho
. . . . . .' "ohoIf; _ _ M:pIo . . . _ _ .... ' " , ....... on:I _ _
..... 1_ _ _ (I,o; .. oL,:zoot~ llaoJ'
'1boI ....... ';"Iho . . _ ... of_t.h-..IIoIo,., '"
OW • ...,.
d ..
..
,
'
0+
'
"
~,
,
'
(
_',"_.
'
'
_
,
0"
,,,'-:'
",
• ,
_ ; , eo ... '" __ " ; " , , , _ t ,i "' .. ' ,
_ .'
'..
of /JIf/p.Mjo
..",.,. ,. i 10 (c"n.;t.",,", lton.k>p!cridoo) _,.;..,- OJ", ' .. ;"
,-. " SooohCl:i::o 0.:""'. . 11..... I ' - -.1Il10,, ,01 ..... _ ...... _"",0= g ~~ .

JLi'O'.""'"

0.-.,.,., ,_iol

_'inc

ioI_..,. ....,"'.....;.,

:0 ....... C_ . j( ~·is ·

,),

Micl'Onoemacheilus pulcher (Cyprinifonnes: Cobitidae) (Qiu et aI., 2008). The latter two studies
both postulated that the dispersal centers of P. intermedius and M. pulcher were similarly at the
confluence of three rivers in eastern Guangxi near northern Vietnam and at the ancient river
systems between Hainan Island and Vietnam. They suggested replicate dispersal routes, one
from the mainland center to the more peripheral mainland rivers, the other route fi'om the nowunderwater center to Hainan first and then back to the mainland, and through these routes, both
fish species were expanding n0l1hward to western Guangdong and eastern Guangxi. However,
samples fi'om the only major river on western Hainan Island were absent in both studies. Lei and
He (2008) reported that the upstream populations of Hemibagrus guttatlls (Siluriformes:
Bagridae) in three main tributaries of the Pearl River were closely related, suggesting that was a
result of gene exchange during a glacial maximum when cooler upland conditions occurred
farther downstream where the tributaries became confluent. Nevertheless, few explored on a
larger scale whether fi'eshwater fishes on Hainan Island are differentiated and how they are
related to those on the coastal mainland.
Liniparhomaloptera disparis (Cypriniformes: Homalopteridae) is a primary freshwater fish. rt is
small, lives in clear, swift streams that usually have gravel bottoms, and is endemic to western
South China including Hainan, ranging peripherally fi'om northern Vietnam to Guizhou, Hllllan,
Jiangxi, and Yunnan Provinces (Yue, 2000; Tang and Chen, 2000; Tang et aI., 2000).
Distribution of L. disparis in the relatively isolated upper reaches of rivers is conducive to
genetic differentiation of populations that can be correlated with paleogeography. Furthermore,
morphological differences warrant two subspecies: L. d. disparis on the coastal mainland of
western South China and L. d. qiongzhongensis on Hainan (Zheng and Chen, 1980). Genetic
differences were also found within the Hainan populations and among drainages of the coastal
mainland fi'om western Guangdong to eastern Guangxi, preliminarily by the mitochondrial DNA
(mtDNA) control region with 477 base pairs (bp) and a sample of87 individuals (Zuo et aI.,
2009). Both studies suggested that the mountain range on Hainan may have formed an effective
geographic barrier facilitating island population differentiation, but the latter study proposed
further that the major Yunkai-Yunwu mountain ranges (meaning cloud dispersing and cloud
misting, respectively) in western South China acted similarly resulting in mainland population
differentiation. The mainland mountain ranges merge near the border between western
Guangdong and eastern Guangxi and are as old as those on Hainanlsland (Zhao et aI., 2001). In
addition, because of its presence in most rivers of western South China today that empty into the
sea independently, the genetic structure of L. disparis might have been affected dramatically by
the fall and rise of Pleistocene sea levels. These attributes make L. disparis an excellent model
for a study of genetic diversity in fi'eshwater fishes and phylogeography of western South China.

In this study we expanded sampling in size, in mtDNA length, and in sites to use 114 individuals,
to examine both sequences of the control region and cytochrome b, and to include a broader
range for both named subspecies of L. disparis and habitats previously not covered in western
South China. The objectives of this study are twofold: first, to investigate the phylogenetic
relationships and geographical differentiation of L. disparis populations throughout most of the
distributional range in western South China; second, to correlate the timing of genetic
differentiation with geological processes or events such as glacial maxima. Based on current
topography and previous work, we divided the L. disparis populations into four drainage areas:
the Pearl River drainage, the Hainan Island drainages, the eastern mainland independent
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drainages, and the western mainland independent drainages (Fig. 1). Rivers of the last two
drainage areas on the coastal mainland of western South China are separated fi'om each other by
the Yunkai- Yunwu mountain ranges, fi'OI11 the Pearl by other minor mountain ranges, and flow
into the sea independently. The rivers have no present connection with either the Pearl or
Hainan but may have been connected with those downstream at glacial maxima. We thus split
them into the western and eastern mainland using the merging mountain ranges as the divide.
Samples were especially sought on either side of the mountain range(s) on Hainan and on the
mainland to test if the mountains are effective barriers. We initially hypothesized that the
populations of L. disparis were differentiated among these four drainage areas where sea water
and mainland mountain ranges are barriers that prevent gene flow (isolation by sea level,
isolation by mainland tectonics). We then hypothesized that genetic differentiation ofHainan
Island populations may have been complicated not only by the separation fi'OI11 the mainland by
interglacial sea level rise in Quaternary but also by the mowltain lift in Tertiary (isolation by
island tectonics). We further hypothesized phylogenetically that the eastern mainland
populations of the independent coastal drainages were closely related to those of the Pearl River
drainage and the western ones were closely related to some of those on Hainan Island because of
the mainland mountain ranges and the island-coastal mainland connection at glacial maxima.
Our results not only confIrm the validity of L. d. qiongzhongensis on Hainan, but also reveal for
the first time much higher genetic diversity than expected and close correlation of geographic
differentiation of L. disparis in western South China with geological events.
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