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Abstract: Grayian distribution denotes the biological similarities between southeastern North America and East Asia. Using
12S rRNA gene sequences of mitochondrial DNA, we present evidence that the North American ground skinks in Scincella
(Squamata: Scincidae) , Sc. lateralis and relatives, exhibit classic Grayian distribution, emerging genetically from within
the Chinese group of Scincella that includes Sc. modesta and Sc. tsinlingensts ; all derivatives from Chinese Sc. reevesii. A su-
perficially similar undescribed species, as yet known only from Dinghushan, Guangdong Province, China, also arises within
this group but lacks the lower eyelid “spectacle” usually thought diagnostic of the genus Scincella. Our molecular analyses
confirm previous work indicating that Asian Sphenomorphus is paraphyletic with respect to Scincella, confirm that the Ameri-
can Scincella include “Sphenomorphus” cherriei, necessitating that the spectacle scale has been independently either devel-
oped or lost in separate lineages of Scincidae, and provide further evidence for the separation of Kaestlea travancorica from
Scincella. The separation time of North American Scincella from their Chinese congeners dates from the Miocene in Tertiary
about 7.3 —21. 6 million years ago when Beringia was extant and mesic. Our studies contribute further to phylogenetics and
biogeography of Scincella from North America and China and call for further international collaboration on resolution of taxo-
nomic problems among lygosomine species.
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Genetic investigation of potentially related plants
and animals in southeastern North America and Fast A-
sia ( mainly China and Japan ), including mosses,
magnolias, beetles, and alligators, may elucidate the
origins and relationships of biodiversity in these two
widely disjunct continental regions. This disjunct geo-
graphic pattern, often termed “Grayian” distribution
was popularized by botanist Asa Gray in the mid -
1800s and has been observed for more than two centu-

170%) " The wealth of examples showing this pat-

ries
tern provides unparalleled opportunities for internation-
al collaboration in genetics, molecular biology, paleon-
tology, ecology, and climatology.

A striking example of Grayian distribution is the
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nominal genus Scincella ( Squamata: Scincidae ) of
small, brown, ground skinks. Scincella is largely Asi-

an with > 10 species, of which more than half are Chi-

7-10 . .
nese'’ ' three Mexican and Central American spe-

L[]

cies' ', and one, Sc. lateralis, found throughout much

of the eastern half of the United States down into north-

"2 Eremchenko and Das' "' separated sev-

ern Mexico
eral Indian species from nominal Scincella as a new ge-
nus, Kaestlea, based on the presence of prominent, e-
longate postoculars ( granular or absent in Scincella sen-
so stricto ). Their work has refined and tightened the
generic definition of Scincella.

]

Boulenger'"! suggested, and later Van Den-

burgh' ! agreed, that the widespread American species
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Sc. lateralis was conspecific with the Chinese species
Sc. reevesii and Sc. modesta. Schmidt''® agreed that
Sc. lateralis and Sc. modesta were conspecific, but re-

171 acknowl-

tained Sc. reevesii as a valid species. Pope
edged close relationships of the Chinese and American
species but did not regard them as conspecific. Re-
cently, Honda et al. ""® "' used molecular evidence to
confirm the basic Grayian distribution hypothesis for
Scincella using largely South Asian species. Using
mtDNA, Macey et al. '® included two Chinese spe-
cies, Sc. potanini and Sc. tsinlingensis, finding that
both were more closely related to Sc. lateralis than to
the South Asian Se. rupicola used by Honda et
al. 7" Nevertheless, the hypothesis going back a
century-and-a-quarter that American Sc. lateralis and
Chinese Sc. modesta and Sc. reevesii are close relatives
has yet to be tested phylogenetically. Furthermore, Sc.
modesta and Sc. reevesii are widespread species and
their relationships with each other, or others, remain
unclear.

While not addressing the relationships of Scincella
and Sphenomorphus directly, Honda et al. ""* ™"’ found
some American Sphenomorphus were nested within A-
merican Scincella, not related to Asian Sphenomor-
phus, thus rendering Sphenomorphus polyphyletic, and
that Asian Sphenomorphus, as currently conceived, is
paraphyletic. Thus Scincella Mittleman (1950) would
be a junior synonym of Sphenomorphus Fitzinger. How-
ever, we follow Nguyen et al. '™ in deferring generic
name changes until the entire complex of lygosomine
scincid lizards can be reassessed. Most members of
Scincella are semifossorial and have a large transparent
scale in the lower eyelid, the “window” or “palpebral
disk” of Ouboter'”’ | or “spectacle,” which allows

d"' =21 Most mem-

them to see with their eyes close
bers of Sphenomorphus , including the Central American
“Sp. 7 cherriei closely related to Sc. lateralis, lack this
scale. Furthermore, a new species ( Scincella indet. )
from the Dinghushan Man and Biosphere Reserve in
Guangdong Province, South China'*’ lacks the specta-
cle. On the other hand, some American Sphenomor-
phus ( assatus, incerius, rarus) have the spectacle

scale in the lower eyelid. The Dinghushan “Scincella

indet. ” may be related to or a range extension of a

newly described species from Northern Vietnam and
Hainan Island placed in Sphenomorphus'™ based on
our morphological comparison.

The use of molecular data to estimate the diver-
gence times of clades has been a topic of intense re-
search interest in recent years. Lazell and Lu"® ™*' sug-
gest that many species pairs or sets demonstrating
Grayian distribution may have evolved in the Pleisto-
cene, but ancestral Sc. lateralis may have dispersed
from Asia via the Bering Land Bridge ( BLB or Bering-

18-19]

ia) earlier in the Tertiary' . In his overview of the

" recognized close relation-

family Scincidae, Greer'”
ships within Scincella and suggested the BLB as the
dispersal route for the congeners. In his revision of the

"noted this route but

nominal genus Scincella, Ouboter'’
also went so far as to say that post-glacial transport by
humans was “not improbable. ” These differences in
hypothesized separation time between Asian and North
American Scincella require further investigation. Our
initial hypothesis is that the American representatives
of nominal Scincella are derived from the richer Chi-
nese species pool, arriving between the Pleistocene and
now.

The specific objectives here were to test whether
Sc. lateralis was derived from Chinese congeners and
when that divergence occurred. In addition, we sought
to clarify the phylogenetic relationships of the newly
discovered Scincella indet. from Dinghushan. We ad-
dressed these three issues using 12S rRNA gene se-
quences of mitochondrial DNA ( mtDNA) from Sc. late-
ralis from Mississippi and Texas, Sec. modesta, Sc.
reevesii, Sc. tsinlingensis, and Scincella indet. from
South China ( Hong Kong’ s Lantau Island, Guangdong
and Sichuan Provinces). We have limited taxon sam-
pling of Scincella species and a limited amount of data,
but provide evidence supporting previous work by Hon-
da et al. "* ! on the Scincella and Sphenomorphus re-
lationship and by Eremchenko and Das'™' on the dis-
tinctiveness of East Indian species in addition to testing
our hypotheses. Our results call for more work interna-
tionally to gain an unbiased outcome of systematics and
evolution of scincid lizards and contribute to the under-

standing of Grayian distribution.
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1 Materials and methods

1.1 Sample collection and DNA extraction

A total of 7 species (29 specimens) were collect-
ed from Nan Ao Island, Shantou Prefecture; Dinghush-
an Man and Biosphere Reserve, Zhaoqing Prefecture;
South China Normal University campus, Guangzhou
Prefecture (all three are in Guangdong Province) ; Si-
chuan University campus, Chengdu Prefecture, Si-
chuan Province; Lantau Island, Hong Kong Special
Administrative Region; Dallas, Dallas County, Texas;
and Clinton, Hinds County, Mississippi ( Table 1).
They were hand-caught or noosed, fixed in 95% etha-

nol immediately, and replenished with it as necessary.

Specimens were deposited at South China Normal Uni-
versity (SCNU) , Chengdu Institute of Biology (CIB) ,
and Museum of Comparative Zoology (MCZ) , Harvard
University. We also incorporated published sequence
data of 13 species (13 specimens) from India, In-
dochina, the Philippines, Borneo, New Guinea, and
some Pacific islands available from Genbank ( Table
1), for a total of 20 species. A Genbank sample,
AY308451, labeled * Scincella reevesii,”

with Scincella rupicola. We believe it is a misidentifi-

clustered

cation, but we have not examined the specimen and o-
mitted it from our analyses. The mtDNA from liver or
muscle tissue was extracted by standard proteinase K

digestion followed by phenol/chloroform extraction> .

Table 1  Localities (for 7 skink species used in DNA sequencing) and geographic areas (for 13 species downloaded from Genbank) ,
with SCNU = South China Normal University campus, and SU = Sichuan University campus

Species Locality Sample Size Locale code Genbank
Scincella gemmingert Mexico 1 AY308445
Scincella indet. Guangdong: Dinghushan 2 DH
Scincella lateralis USA: Texas: Dallas Co. 2 TX

USA : Mississippi: Hinds Co. 4 MS
Scincella modesta Hong Kong: Lantau Island 8 HK

Guangdong: Nan Ao Island 2 NA
Scincella reevesii Hong Kong: Lantau Island 4 HK

Guangdong: Dinghushan 3 DH

Guangdong: Guangzhou: SCNU 1 GZ
Scincella rupicola Myanmar to Vietnam 1 AB057388
Scincella tsinlingensis Sichuan: Chengdu. SU 1 CD
Sphenomorphus cherriet Central America 1 AB057377
Sphenomorphus indicus Guangdong: Nan Ao Island 4 NA

China west to India 1 AB028808
Sphenomorphus jobiensis New Guinea 1 DQ915291
Sphenomorphus maculatus Yunnan, Tibet to India 1 AY308461
Sphenomorphus maindroni Australia 1 AY308462
Sphenomorphus melanopogon New Guinea 1 AY308463
Sphenomorphus muelleri New Guinea 1 AY169599
Sphenomorphus praesignis Thailand, Malay Peninsula 1 AB028810
Sphenomorphus sabanus Borneo 1 AY308465
Sphenomorphus sarasinorus Thailand, Vietnam 1 AY308466
Sphenomorphus solomonis Solomons to New Guinea 1 AY308467
Ateuchosaurus chinensts Guangdong: Nan Ao Island 4 NA
Kaestlea travancorica India AY308452

1.2 PCR amplification and sequencing

Total genomic DNA was extracted from muscle tis-

sue with commercial kits in protocols of manufacturers
( Sangon Biotech Co., Shanghai). Part of the 12S
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rRNA gene, approximately 348 base pairs (bp), ran-
ging from 342 to 346 in the seven different species,
were amplified by polymerase chain reaction ( PCR)
with the primers L1091 and H1478'”'. We ran PCR
on PTC100 or PTC200 ( MJ Research, Waltham, MA
USA) at least once for each specimen in a 50 - pL
PCR mixture that contained 100 ng template DNA, 5
pL 10 x PCR buffer (MgCl, 20 mmol/L) , 5 wL dNTP
mix (10 mmol/L), 2 U Taq polymerase ( Promega)
and 5 pL of each primer (55 ng/ul) , using one cycle
of denaturation at 95 °C for 4 min, 35 cycles of denat-
uration at 95 °C for 40 sec, annealing at 55 °C for 40
sec, and extension at 72 °C for 1 min (final extension
for 8 min). The PCR products were stored at 4 °C for
later purification and sequenced by the Yingjun DNA
Biotechnologies Company ( Guangzhou, Guangdong
Province, China) on an automated sequencer ( Ap-
plied Biosystems ABI 377, Foster City, CA, USA).
1.3 Alignment and phylogenetic analysis

Multiple haplotypic sequence alignments were per-
formed with CLUSTALX 1. 81"**/. Ribosomal DNA
generally exhibit length variation ( gaps in DNA se-
quences due to insertion or deletion), and therefore
pose difficulty for alignment. The problematic sites
were compared with closely related species (the same
fragments from other scincid species deposited in Gen-
bank) and then corrected manually. The pairwise 2-

) was calculated by soft-

parameter genetic distance
ware MEGA 4') (o estimate between-species varia-
tion, and the subsequent pairwise percentage of se-
quence divergence was calculated by hand, based on
the pairwise number of mutations/total number of base
pairs.

Two different phylogenetic programs were per-
formed to infer relationships: maximum parsimony
(MP) and Bayesian inference (B! The se-
quence gaps were treated as missing data. For out-
groups we chose Ateuchosaurus chinensis, sympatric
with our Chinese Scincella and Sphenomorphus and of-

24 and Kaestlea tra-

ten thought to be in Lygosominae
vancorica, formerly placed in Scincella. This latter
form was recently proven distinct from, but closely re-
lated to, and not paraphyletic with, both Scincella and

Sphenomorphus' ' ; its DNA is available from Gen-

bank. We therefore used both A. chinensis for its dis-
tant and more primitive relationship with the ingroup
and K. travancorica for its close but non-paraphyletic
relationship with the ingroup.

MP analyses were performed with PAUP 4.
0b10"*" based on p-distances. We conducted heuristic
searches to estimate nodes and branches and assessed
statistical support for the robustness of branches of all
lineages with nonparametric bootstrap analysis, using
tree-bisection-reconnection branch swapping for MP,
with 500 random stepwise addition sequence repli-
cates, 10 cladograms in memory in each step. When
equally parsimonious trees were found, a strict consen-
sus tree summarized resultant topologies. Tree topolo-
gies of phylograms with bootstrap values 70% or grea-
ter are regarded as sufficiently resolved ™ .

Bayesian analyses were performed with MRBAYES
3. 177, The posterior distributions were obtained by
the Markov Chain Monte Carlo (MCMC) analyses with
one cold chain and three heated chains (4 MCMC
chains) from a total of 10° MCMC generations; sam-
ples of trees and parameters were drawn at every 100
steps of the 10° MCMC generations. We selected the
HKY85 model in MRBAYES that best fit our data for
this analysis. The first 25% of the sampled trees and
estimated parameters were discarded as part of the
burn-in. From the remaining trees (75% ), a majori-
ty-rule consensus tree was subsequently produced.
Bayesian probabilities based on the posterior distribu-
tions by MCMC are considered strongly supportive to
split nodes if >0.95.

It was used a Bayesian coalescent analysis in
BEAST 1.4.7"*) with the MCMC procedure, to esti-
mate lineage ages of the most recent common ancestor
( TMRCA )",
95% highest posterior density ( HPD) intervals on a

Divergence times were calculated at

time-measured phylogeny. The 95% HPD is the shor-
test interval that contains 95% of all values sampled
from the posterior. In all calibrations, it was allowed
BEAST to conduct at least two independent MCMC an-
alyses of 10 x 10° to generate the posterior distribution,
with the first 10° generations discarded as the burn-in,
and parameter values sampled every 1,000 genera-

tions. All resultant Bayesian parameters can be esti-
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mated by TRACER 1.4 for convergence to highest
values, even with relatively low information content in
the sequences and the small age range of the se-
quences. The posterior estimates of parameters were all
distinctly unimodal even with wide 95% HPD; we
checked for a highest coalescent value (). Because
there is no available fossil calibration point for DNA se-
quences of Scincella, we estimated the divergence time
by using a range of neutral mutation rates () in proxy
species. Maximum and minimum p ( 0.65 and
0.22% , respectively) previously estimated rates were

adopted (0.65% : Macey et al., 1998 for lizard;
0.22% : Emerson et al. , 2000 for frog) (41 -42]

2 Results

2.1 Mitochondrial 12S rRNA variation

Length polymorphism of the 12S rRNA gene se-
quences occurred among the 7 species, indels ranging
A total of

348 bp of nucleotide sequences were amplified with

from 2 for Sc. reevesit to 6 for Sc. lateralis.

146 variable sites (V) in the total dataset (including
outgroups ), of which 24 were singleton polymorphic
sites (S) and 122 were parsim-informpolymorphic sites
(Pi). Between-species variation in nucleotide diver-

gence and genetic distance among all eight species of

Scincella including “ Sphenomorphus” cherriei were re-
spectively between 0. 071 = 0. 152 and 0. 079 - 0. 183
(Table 2); among them, interspecific nucleotide re-
placements varied from the lowest, 26 bp (0.071; Sc.
modesta vs. Sc. indet. ), to the highest, 45 bp (0.152;
Sc. rupicola vs. “Sp.” cherriei). Variations in nucleo-
tide divergence and genetic distance between American
Sc. lateralis and the five Asian Scincella spanned 0. 100
—0.123 and 0. 113 - 0. 145, respectively; here the
divergence of S. lateralis from Sc. tsinlingensis was the
least and from Sc. reevesii the greatest. The divergences
of Sc. indet. from Sc. modesta or Sc. rupicola were e-
qually low, 0.071 - 0.080 and 0.079 - 0.080, re-
spectively.

Consistently, in contrast to between-species varia-
tion (Table 2) , there was little within-species variation
among individuals or populations of Scincella. Within-
species variation in genetic distance was all small,
0.001 among Sc. reevesit, 0.002 among Sc. indet. ,
0. 005 among Sc. modesta, and 0. 006 among Sc. late-
ralis. However, within-species variation of S. modesta
in nucleotide sequences was relatively high at V sites
(1 S and 7 Pi sites) between the Lantau ( HK) and
Nan Ao (NA) populations, consisting of about 2. 2%
of the total nucleotides. The greatest within-species

variation in nucleotide sequences was in S. lateralis;

Table 2 Nucleotide divergence (upper matrix) and genetic distance (lower matrix) of mitochondrial 12s rRNA sequences among

North American and Asian Scincella species, with Sc. = Scincella, Sp. = Sphenomorphus, and Ateuchosaurus and Sphenomor-

phus as Outgroups

Species 1 2 3 4 5 6 7 8 9 10 11 12 13

1 Scincella modesta 0.074 0.112 0.100 0.0701 0.112 0.132 0.106 0.114 0.094 0.103 0.178 0.198
2 Scincella tsinlingensis 0.085 0.100 0.103 0.08 0.100 0.126 0.091 0.109 0.117 0.091 0.172 0.195
3 Scincella reevesii 0.130 0.114 0.129 0.112 0.123 0.146 0.112 0.109 0.123 0.100 0.175 0.175
4 Scincella rupicola 0.116  0.119 0.152 0.080 0.120 0.152 0.106 0.126 0.137 0.109 0.186 0.215
5 Scincella indet. 0.079 0.099 0.129 0.089 0.103 0.137 0.091 0.100 0.109 0.091 0.166 0.189
6 Scincella lateralis 0.127 0.113 0.145 0.138 0.116 0.114 0.077 0.117 0.129 0.106 0.189 0.195
7 Sphenomorphus cherriei 0.160 0.149 0.177 0.183 0.167 0.134 0.112 0.149 0.143 0.155 0.195 0.209
8 Scincella gemmingeri 0.122 0.103 0.130 0.121 0.101 0.084 0.122 0.114 0.120 0.103 0.158 0.181
9 Sphenomorphus indicus 0.133 0.128 0.126 0.145 0.114 0.138 0.179 0.132 0.091 0.080 0.169 0.175
10 Sphenomorphus sabanus ~ 0.107  0.137 0.142 0.161 0.123 0.151 0.173 0.139 0.105 0.086 0.155 0.192
11 Sphenomorphus maculatus  0.115  0.104 0.113  0.126 0.105 0.122 0.188 0.118 0.090 0.095 0.169 0.201
12 Ateuchosaurus chinensis ~ 0.223  0.217 0.220 0.241 0.207 0.239 0.257 0.197 0.213 0.197 0.215 0.149
13 Kaesilea travancorica 0.256 0.251 0.216 0.283 0.245 0.253 0.275 0.228 0.223 0.249 0.260 0.184
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the two geographically distant populations ( Texas and
Mississippi) had high V sites (1 S and 7 Pi sites) , al-
so consisting of about 2.2% of the total nucleotides.
This striking difference has been explained by Jackson

[12] . . .
as resulting from rivers as barriers sepa-

and Austin
rating glacial maximum refugia in southern North A-
merica. The Guangdong and Hong Kong Sc. reevesii
showed the least within-species variation, with only one
V site (1 Pi site) among its three populations.

Variation between Scincella and the two sympatric
nominal genera was strikingly different (Table 2). Nu-
cleotide divergence and genetic distance between Ateu-
chosaurus  chinensis and  Sphenomorphus excluding
“Sp.” cherriei were great, 0.155 —0. 169 and 0. 197
- 0.215, respectively; those between Ateuchosaurus
chinensis and Scincella were also great, 0. 158 —0. 195
and 0. 197 — 0.257, respectively. However, nucleo-
tide divergence and genetic distance between Sphenom-
orphus indicus and Scincella ( including “Sp. ” cher-
riet) were much smaller, only between 0. 100 —0. 149
and 0.114 - 0.179, respectively; these were well
within the variation among Scincella species. The smal-
lest variation between Sp. indicus and Scincella was re-
markably between it and Sc. indet. ; the nucleotide di-
vergence of 0. 100 and genetic distance of 0. 114 were
comparable to the variation among Scincella species,
not as great as expected for different genera.

Interestingly, variation between Scincella and the
allopatric Kaestlea was large (Table 2) ; Scincella was
much more distant genetically from the newly separated
K. iravancorica, in the same subfamily, than from
Ateuchosaurus chinensis, whose subfamilial status re-
mains unclear.
2.2 Phylogenetic analyses

Both the MP and BI analyses presented an identi-
cal topology of phylograms ( Figure 1, showing only BI
values) , resulting in a well-supported Scincella group
(node a) including “Sp. ” cherriei and all other Scin-
cella species. This node emerges from Sphenomorphus
and is closest to Sp. indicus and Sp. maculatus. Tt di-
vides into two lineages; one contains clade C with only

Sc. reevesii. The other lineage contains two clades; A

and B. Clade A contains four species, Sc. modesta,

Sec. tsinlingensis, Sc. indet. , and Sc. rupicola; clade B
includes all the New World species available to us: Sc.
lateralis, “Sp.” cherriei, and Sc. gemmingeri. Mono-
phyly of each of the Scincella species for which we have
a series of specimens was supported with bootstrap val-
ues and Bayesian posterior probabilities of 100% , ex-
cept Sc. modesta (89% ). Although the Scincella taxa
fell into clades corresponding to their geographical dis-
tributions, the North American clade B separates nota-
bly the East Asian clades A and C.

Clade A (4 species) branches into two subcla-
des, S. modesta and S. tsinlingensis in one and Sc. in-
det. and S. rupicola in the other; notably, populations
of Sc. modesta shared no haplotypes between Lantau
(HK) and Nan Ao (NA) Islands (Figure 1). Clade
B (3 species) notably contains “Sp. ” cherriei, which
is taxonomically classified in the genus Sphenomor-
phus , as in Honda et al. """ ; however, phylogeneti-
cally it clusters with the American Scincella species
(Figure 1). Clade C has only Sc. reevesii; its popula-
tions shared one haplotype among Lantau Island
(HK), Dinghushan (DH), and Guangzhou ( GZ);
another haplotype occurs only on Lantau ( Figure 1).
2.3 [Estimates of divergence times

We estimated divergence times of the 12S rRNA
gene among species at two distinct nodes; the highest
value of § =45. 32 for node a and § =33.07 for node
b; these BI analyses under different evolutionary mod-
els estimate consistent mean rates of evolution () for
the 12S rRNA gene, given the range from 2.2 x
1077 10 6.5 x 10~°"*" substitutions /site/year.
Node a represents the origin of Scincella with a mean
age from 10. 0 Mya (95% HPD =34.77. 8.8 —11.2
Mya) to 29.6 Mya (95% HPD =49. 16 26.2 -33. 1
Mya) , meaning the age of TMRCA of the genus Scince-
lla was in the lower Miocene of Tertiary. Node b repre-
sents the separation of the East Asian clade A from the
North American clade B at a mean age from 7.3 Mya
(95% HPD =25.20: 6.3 —8.2 Mya) to 21.6 Mya
(95% HPD =36.51. 18.8 —24.2 Mya), meaning
the time of isolation of the East Asian species from the
North American species including Sp. cherriei occurred

only slightly later in the Miocene.
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Figure 1

Bayesian phylograms of 20 skink species collected from America and South China (7 species with locale codes and individual

identification number) and downloaded from Genbank (13 species without locale codes) , based on mitochondrial 12S rRNA

sequences, with Bayesian posterior probabilities shown above internode branches, Sc. = Scincella, Sp. = Sphenomorphus, A.

= Ateuchosaurus , K. = Kaestlea, and locale codes CD = Chengdu,

MS = Mississippi, NA =Nan Ao, TX =Texas

3 Discussion

3.1 Separation of Sc. lateralis and its Asian rela-
tives

Our principal hypotheses, the Chinese origin and

Grayian distribution of American Scincella, are strongly

supported. The phylograms not only show monophyly

for the Scincella species tested, but also support an A-

with Sc.

merican lineage and two Asian lineages,

DH = Dinghushan, GZ = Guangzhou, HK = Hong Kong,

reevesii ancestral to both. The North American species
of Scincella are a monophyletic lineage nested within A-
sian taxa, indicating a single dispersal event.

The Beringian land bridge (BLB) and the puta-
tive North Atlantic Land Bridge ( NALB) have been
postulated as routes of floristic interchange between
FEurasia and North America in the Tertiary that have
contributed to modern global floral and faunal disjunc-

[43]

tions The BLB was a determining factor in the

structure and biogeography of terrestrial faunas across
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the Nearctic and Neotropical regions during the Plio-
cene and Quaternary'*'. Because there are no relevant
species in Europe, we reject the NALB and postulate
the BLB route for ancestral Sc. lateralis. Several North
American lineages may have entered this region from
Asia during the Miocene; particularly important was a
mid-Miocene connection of continuous temperate decid-
uous forest providing habitats for amphibians and rep-
tiles otherwise excluded from high latitudes'®’. Our
molecular clock estimate, 7.3 — 21.6 Mya, agrees
with this mid-Miocene timing. The BLB existed
through most of the Miocene, being first interrupted a-
round 4.8 — 7.4 Mya but still existing intermittently

5746 Other disjunct taxa

until 11 000 years ago
should be tested genetically and compared to climatic
and sea level data to verify separation times.
3.2 Systematic position of Scincella indet
Recognition of Scincella renders Asian Sphenomor-
phus paraphyletic. Although Macey et al. '*' considered
only one species of Sphenomorphus, Sp. indicus, their
phylogram suggests the generic paraphyly as well. Our
results show that the morphological basis for generic
separation of Scincella and Sphenomorphus is compro-
mised by not only the Chinese Sc. indet. , but also the
Central American “Sp. ” cherriei, both of which lack
the spectacle scale. The presence of a spectacle scale
has previously resulted in the placement of the Indian
species travancorica in Scincella. 1t is now placed in
the genus Kaestlea by Eremchenko and Das'"! based
on the prominent elongate postoculars that are either
granular or absent in Scincella and Sphenomorphus.
Our only Genbank sample of Kaestlea travancorica e-
merged near Ateuchosaurus. Since the spectacle scale
is presumably a derived character, the obvious implica-
tion is that this spectacle has been independently either
developed or lost in separate lineages of Scincidae.
Close relationship of Sec. indet. with Se. rupicola con-
firmed by our mtDNA assessment adds to the difficul-
ties of generic definition of Scincella and Sphenomor-
phus but reinforces our view that this character cannot

. notes a

be definitive for the genus Scincella. Ouboter'’
specimen of Sc. reevesii with a spectacle on one side but
a pair of scales on the other. The problems involved in
framing definitions in this complex of small brown

skinks are exemplified in Shea and Greer'*’’ | where

species were reshuffled among different genera. Ad-
dressing the taxonomy requires consideration of many
characters and lies far beyond our essentially biogeo-
graphical purview.

Scincella indet. and Sc. rupicola of Thailand are
so similar that we would have suspected them conspe-
cific. Sc. indet. is known from at least five specimens

collected from 1984 to 2006 %# 11

ing a spectacle scale, it appears to be a Scincella. Al-

Except for miss-

len Greer, then of Australian Museum at Sydney, pro-
phetically opined that it was similar to Sc. rupicola in
most respects, despite the generic character discrepan-
cy (pers. comm. to JL, 1998). The history of its rec-
ognition and other details are provided by Li et al. '**/.
Although Sc. indet. and Se. rupicola are closely relat-
ed, as revealed by our molecular analysis, the two spe-
cies do not share haplotypes of the 12S rRNA gene
(Figure 1), and the variation between them ( genetic
distance = 0. 089 ) is greater than the expected varia-
tion among populations within a species ( largest =
0. 006 within Sc. lateralis). All this makes it doubtful
that Sc. indet. is just a new distribution record or range
extension of Sc. rupicola. However, its relationship
with the new species of Nguyen et al. (2011) ">/ from
Vietnam and Hainan Island needs evaluation.

The relationship of Sc. indet. with Sc. modesta is
interesting. Sc. indet. is the closest relative of Sc. mod-
esta on mainland Guangdong ( Figure 1). Sc. modesta
ranges from east of the Guangdong border into Fujian
Province on the mainland® | but the Guangdong pro-
vincial records are only for islands such as Nan Ao and
Hong Kong’ s Lantau; these two populations do not
share haplotypes of the 12S rRNA gene ( Figure 1),
suggesting relict populations and possible replacement
on most of the Guangdong mainland by the abundant
Sc. reevesi. Comparisons between the island and main-
land populations of Sc. modesta may shed light on their
biogeography. Sc. modesta and Sc. tsinlingensis are the
most recent species, deriving from the same common
ancestor. Based on our data, Sc. modesta divides into
two populations: Nan Ao and Lantau, but our sample
size for Nan Ao is very small. We did, in addition,
note a striking color difference in the field: Nan Ao
Sc. modesta had brilliant red undersides of their tails,

as opposed to the dull rosaceous tints of Lantau individ-
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uals.
3.3 Relationships of Ateuchosaurus with Spheno-
morphus and Scincella

Ateuchosaurus is a genus of skinks containing only
two Asian species: A. chinensis in North Vietnam ( most
recently rediscovered by Truong et al. , 2008)"*! and
South China, and A. pellopleurus in the Ryukyus. Kar-
yotypic study of both species' ™’ suggests that the genus
is closer to the Eugongylus group of Greer' ™' than to the
Sphenomorphus group. Austin and Arnold™” moved it
from Lygosominae to Acontinae based on molecular
evidence. Our evidence, surprisingly, indicates that
Ateuchosaurus is closer to Sphenomorphus and Scincella
than is the recently described genus Kaestlea, whose
species were formerly placed in Scincella of Lygosomi-
nae'"*’. The subfamilial status of the two genera, Ateu-

chosaurus and Kaestlea , needs further examination.

4 Conclusions

North American Sc. lateralis and its relatives are
close to the Sc. modesta group and derived from ances-
tral Chinese Sc. reevesii in a single trans-Beringian dis-
persal event, a typical demonstration of Grayian distri-
bution. The timing of separation of Sc. lateralis from its
Chinese congeners is calculated as about 7.3 to 21.6
Mya in the Miocene of Tertiary when the Beringian land
bridge existed. Our DNA data and absence of the spec-
tacle scale in both Chinese Scincella indet. and Central
American “ Sphenomorphus” cherriei prove that this
character has arisen or been lost independently and
cannot be used for generic definition of Scincella. Sc.
indet. is both morphologically and molecularly a new
species different from Se. rupicola, but phylogenetically
closer to Sc. rupicola than to any other Indochinese spe-

cies tested.
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