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Abstract

Asian turtles face an extinction crisis, and so it is imperative that systematists

accurately determine species diversity in order to guide conservation strategies

effectively. We surveyed mitochondrial and nuclear DNA (mtDNA and nuDNA)

variation of the heavily exploited Mauremys mutica complex, a clade of Asian

turtles that contains the endangered M. mutica from Japan, Taiwan, China and

Vietnam, and the critically endangered Mauremys annamensis from central

Vietnam. We discovered extensive mtDNA and nuDNA variation among samples

that did not correspond to the currently recognized taxonomy. Both nuDNA and

mtDNA data suggest thatM. mutica is paraphyletic with respect toM. annamensis.

Surprisingly, M. annamensis exhibits a previously unknown mtDNA structure in

the form of two clades that are paraphyletic to M. mutica. These data reveal that

the currently recognized taxonomy of the mutica complex does not reflect the

genetic diversity of our samples. Unfortunately, many conservation-oriented

captive-breeding efforts for turtles are also based on trade samples such as the

ones studied here. These efforts include plans to breed trade-rescued individuals

and release their progeny into the wild. Because our genetic survey reveals that the

taxonomic identity of these samples does not reflect genetic diversity, we raise

serious questions about the efficacy of these programs. In order to address

conservation issues and provide more accurate estimates of evolutionary lineages

within Mauremys, we recommend continued surveys for wild populations of

the mutica complex to provide new genetic material and additional distributional

data, attempts to extract DNA from historic museum specimens and a shift in

conservation focus to in situ preservation of wild populations and associated

habitat.

Introduction

Asian turtles face an extinction crisis (van Dijk, Stuart &

Rhodin, 2000; Turtle Conservation Fund, 2003), underscor-

ing the importance of accurately determining species diver-

sity to guide conservation strategies (Parham et al., 2001;

Stuart & Parham, 2004). Unfortunately, determining species

boundaries of Asian turtles has proven challenging because

of the widespread hybridization of distinct lineages in the

wild and in captivity (Parham et al., 2001; Spinks et al.,

2004; Shi et al., 2005; Stuart & Parham, 2007; Spinks &

Shaffer, in press), a phenomenon that is exacerbated by

the pervasive transportation and captive propagation of

turtles for profit (Parham et al., 2001; Shi & Parham, 2001).

These challenges faced by systematists are directly relevant

to the captive-breeding efforts that are increasingly being

championed as one of the long-term solutions to the survival

of Asian turtles (Hudson & Buhlmann, 2002; Turtle

Conservation Fund, 2003).

One heavily exploited species complex in dire need of

detailed systematic study is the Mauremys mutica (Cantor,

1842) complex (‘the mutica complex’ hereafter). This group

of medium-sized (�20 cm), aquatic turtles is widely distrib-

uted (�2600 km west to east) from central Vietnam to the

islands of southern Japan (Fig. 1a). Currently, two named

species are recognized,M.mutica andMauremys annamensis

(Siebenrock, 1903), although previous studies using mor-

phological and genetic data conflict in the inference of their

relationship, and suggest that the current taxonomymay not

accurately reflect lineage diversity (Honda, Yasukawa &
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Ota, 2002; Barth et al., 2004; Feldman & Parham, 2004,

hence ‘mutica complex’). Despite its once-widespread dis-

tribution, M. mutica is listed on the IUCN Red List as

endangered (IUCN, 2006) because it is one of the most

heavily exploited turtles in the food and medicine trade in

China (Lau & Shi, 2000; van Dijk, 2000). Mauremys

annamensis has a much more limited distribution and is

considered to be one of the world’s most endangered turtles

(Turtle Conservation Fund, 2003); it has only been observed

in the wild by scientists twice since 1939 (ATCN, 2006a;

Parham, Stuart & Orlov, 2006). All reported localities are

restricted to central and southern Vietnam, an area of

intense wildlife harvesting (Le, Hoang & Le, 2004).

Establishing patterns of genetic variation among the

mutica complex is important for guiding the usage of limited

conservation resources and informing captive-breeding ef-

forts (Parham et al., 2004; Stuart & Parham, 2004). The

latter issue is especially relevant for M. annamensis because

it is essentially unknown in the wild and trade specimens are

being used in captive-breeding programs with the ultimate

goal of reintroduction into the wild (Schaffer, 2004, 2006;

ATCN, 2006b). Among the numerous problems associated

with the translocation and release of confiscated wildlife

(outlined by IUCN, 2002), the risk of genetic pollution

through artificial introgression (e.g. Fitzsimmons et al.,

2002) is especially high for heavily exploited Asian turtles

(Buskirk, Parham & Feldman, 2005). In this study, we

survey the genetic diversity within the mutica complex using

mitochondrial and nuclear DNA (mtDNA and nuDNA)

sequence data. Most of our specimens are from trade

seizures, markets or turtle farms, although we also include,

to our knowledge, every known-locality genetic sample

obtained from the wild.

Methods

Specimens ofM. mutica were morphologically diagnosed by

having a weakly tricarnate to smooth carapace that is

usually brown, a plastron that is marked with few or

moderate black marks and a single, pale yellow temporal

stripe that does not extend past the eye (Iverson &McCord,

1994; Yasukawa, Ota & Iverson, 1996). Mauremys anna-

mensis is easily diagnosed from M. mutica in that it has a

black, moderately tricarnate carapace, plastron marked

heavily with black, and two to three yellow temporal stripes

that meet at the tip of the nose (Iverson & McCord, 1994;

Yasukawa et al., 1996). All specimens used in this study

were categorized according to these criteria.

Our sampling included five individuals previously se-

quenced by Parham et al. (2001) and Feldman & Parham

(2004) (Supplementary Material Appendix S1). These stu-

dies included a single field-collected, known-locality speci-

men of M. mutica (from the type locality at Zhoushan

Island, Zhejiang Province, China). Our study added two

additional known-locality specimens of M. mutica from

Hainan Province, China (Wanling, Qiongzhong County),

eight individuals of M. annamensis that were confiscated

from an illegal shipment within Vietnam, 12 individuals of

M. mutica and M. annamensis from a turtle farm in Hainan

M. 'mutica'

M. mutica

M. 'mutica'

M. annamensis

(a)

(b)

(c)

Figure 1 (a) Lateral view of the head of Mauremys mutica; (b) lateral view of the head of Mauremys annamensis; (c) map showing reported

localities for the mutica complex in the Tonkin Gulf region and eastern Asia. Black lines encircle the hypothesized distribution of the mutica

complex both in the Tonkin Gulf region (Hainan and Vietnam) as well as eastern China, Taiwan and southern islands of the Japan archipelago. All

shapes (circles, stars, question marks) indicate historical records. The stars show the type localities of the taxa (M. mutica in eastern China and M.

annamensis in central Vietnam), while the question marks represent questionable localities of the mutica complex in southern China due to the

turtle trade. The white-colored shapes show the locality of genetic material used in this study. Records from other areas in Japan (excluding the

Yaeyama Archipelago) are believed to be introduced and are not shown on this map (Goris & Maeda, 2004).
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(profiled by Shi & Parham, 2001 and Parham & Shi, 2001)

and one individual of M. annamensis from the pet trade.

Thirteen of our total samples (including four outgroups)

were from preserved museum specimens and 24 were photo-

vouchered using digital images (Supplementary Material

Appendix S1). The 24 photo-vouchered specimens were a

combination of farm, illegal trade seizures and wild-caught

specimens that were (at the time of this paper) either living in

the care of the turtle farmer, Cuc Phuong National Park

Turtle Conservation Center in Ninh Binh Province, Viet-

nam, or with one of us (H. S.) at Hainan Normal University,

respectively. Photo-vouchers are deposited in the Museum

of Vertebrate Zoology at the University of California,

Berkeley (Supplementary Material Appendix S1). Although

we do not have precise locality data for the M. annamensis

specimens from the trade seizure, we believe that these

samples were from the wild because there are no known

turtle farms in Vietnam breeding M. annamensis, trade with

China is unidirectional and the specimens were confiscated

off a truck in northern Vietnam (Ninh Binh Province).

These individuals were probably wild caught in Vietnam

and therefore most likely represent lineages that are not

influenced by genetic admixture in captivity.

Tissue samples in the form of liver, blood or tail tips were

frozen in liquid nitrogen, stored in 95% ethanol or stored in

lysis buffer. Total genomic DNA was extracted via a

DNeasy Tissue Kit (Qiagen Inc., Valencia, CA, USA)

following the manufacturer’s recommendations. An 892 bp

fragment of mtDNA that encodes part of the NADH

dehydrogenase subunit 4 (nad4) gene, the complete tRNAs

histidine (trnH) and serine (trnS) and part of the tRNA

leucine (trnL) was amplified by PCR using the primers L-

ND4 and H-Leu (Stuart & Parham, 2004) and standard

conditions. Purified PCR products were sequenced in both

directions using the same primers for amplification plus the

internal primers L-ND4int and H-ND4int (Stuart & Par-

ham, 2004). Sequences were aligned and the protein-coding

region was translated into amino acids to ensure that there

were no erroneous stop codons using Macvector v. 7.1.1

(Accelrys Inc., San Diego, CA, USA). For a subset of 25

samples, an �1133 bp fragment of the RNA fingerprint

protein 35 (R35) gene, intron 1, was amplified following

Fujita et al. (2004).

Phylogenies were reconstructed using the maximum par-

simony (MP) and maximum likelihood (ML) criteria as

implemented in PAUP� v. 4.0b10 (Swofford, 1998) and

Bayesian inference using MrBayes v.3.1.2 (Hulsenbeck &

Ronquist, 2001). For mtDNA,Cuora galbinifrons,Mauremys

caspica, Mauremys nigricans and Mauremys reevesii were

used as outgroups following Parham et al. (2001) and Stuart

& Parham (2004), while Cuora amboinensis was used for

nuDNA. Our MP analysis was conducted using the branch-

and-bound algorithm, with transitions and transversions

weighted equally for 1000 random addition replicates

and 100 pseudoreplicates. Characters were unweighted be-

cause the third codon position transitions accumulated in

a linear fashion and showed no indication of saturation.

Nodal support was assessed using 1000 nonparametric boot-

strap pseudoreplicates (Felsenstein, 1985), with 100 random

addition sequence replicates per pseudoreplicate.

For ML analyses, Modeltest 3.5 (Posada & Crandall,

1998) was used to infer the best-fit model of sequence

evolution under the hLRT criterion. Analyses were initially

performed with 1000 random addition replicates with step-

wise addition of taxa and tree bisectional-reconnection

(TBR) branch swapping. A single tree from the results was

chosen, and analyses were iterated in a successive-approx-

imations approach until the parameters stabilized (Sullivan

et al., 2005). Bootstrap proportions were calculated using

RAxML 2.2.3 (Stamatakis, 2006) with 1000 pseudorepli-

cates under the GTRCAT model of sequence evolution.

For Bayesian analysis, models were selected for each

partition using MrModelTest v.2 (Nylander, 2004) under

the hLRT criterion. The mtDNA dataset was partitioned

using first, second and third codon positions and tRNAs

(Brandley, Schmitz & Reeder, 2005) while a single model

was used for the entire nuDNA dataset. Searches were run

using four chains, four million generations and sampling

every 1000th tree. Burn-in was estimated in the program

AWTY (Wilgenbusch, Warren & Swofford, 2004) by plot-

ting the cumulative posterior probability of nodes against

the generation time. The analysis was run twice with random

starting trees and the results were compared.

Results

mtDNA

An 892 bp fragment of mtDNA including nad4 and adjacent

tRNAs was obtained for all samples. Products from sequen-

cing produced single peaks and there were no erroneous stop

codons within the protein-coding regions. The average

nucleotide frequencies in the fragment were A=0.349,

C=0.266, G=0.134 and T=0.252, showing the character-

istic bias in the light strand of mtDNA against G (Kocher

et al., 1989). From our dataset, 179 nucleotides were

variable and 117 were parsimony informative, while uncor-

rected pairwise distances within our ingroup ranged from 0

to 7.5%. The MP analysis resulted in a single most parsimo-

nious tree (length=255; CI=0.749; RI=0.902). For ML,

The model HKY+Gwas used with a Ti/Tv ratio=8.7318, g
distribution shape parameter=0.1822 and base frequencies

of A=0.3539, C=0.2606, G=0.1337 and T=0.2518.

After the iterative likelihood approach, the result was a

single tree (�lnL=2531.126; Ti/Tv=8.7317; shape=

0.182171). Bayesian analyses were run under the following

models: first position – HKY+I+G, second position –

HKY, third position – GTR+G and tRNA – HKY+I+G.
The first 500 generations were discarded as burn-in. Both

independent Bayesian runs gave essentially identical like-

lihood estimates and tree topologies. The same tree topol-

ogy resulted from all three analytical methods, although the

support values differed (Fig. 2).

Our analyses resulted in a strongly monophyletic mutica

complex, with 100% support from all analyses (Fig. 2).
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Contained in the mutica complex were two major, well-

supported clades that differed by uncorrected pairwise se-

quence divergences of 6.2–7.5% (Fig. 2). One clade included

the M. mutica specimen from the type locality in eastern

China as well as many M. mutica specimens attributed to

mainland China by the Hainan turtle farmer from whom the

samples were obtained (see ‘Discussion’). Because this clade

included a specimen from the type locality, we call this the

‘truemutica’ clade (Fig. 2). The second clade includedmutica

from Hainan and M. annamensis, and is referred to as the

‘Hainan–Vietnam’ clade. The Hainan–Vietnam clade in-

cluded three haplotype groups for which monophyly is

strongly supported. We refer to these clades as annamensis

1, annamensis 2 and Hainan based on either known prove-

nance samples or dominant morphotypes contained within.

Nu DNA

An�1133 bp portion of the nuclear intron R35 (Fujita et al.,

2004) was collected for 25 samples. For the analyses, 31

nucleotides were variable and 14 parsimony-informative,

with uncorrected pairwise distances within the ingroup

ranging from 0 to 1.5%. TheMP analysis resulted in a single

most parsimonious tree (length=51; CI=0.902;

RI=0.945). For ML, the model HKY+G was used with a

Ti/Tv ratio=1.009, g distribution shape parameter=0.016

and base frequencies of A=0.2792, C=0.177, G=0.212

and T=0.3318. After the iterative likelihood approach,

four equally likely trees resulted (�lnL=1929.15; Ti/

Tv=1.041; shape=0.016), which only differed by the

placement of terminal branches. Bayesian analyses were

run under the HKY+G model. The first 500 generations

were discarded as burn-in. Both independent Bayesian runs

gave essentially identical likelihood estimates and tree

topologies. Similar tree topologies resulted from all three

analytical methods (Fig. 3).

Within the mutica complex, three clades were recovered

corresponding to taxonomy and geography: annamensis,

eastern China mutica and Hainan mutica (Fig. 3). Although

not all the support values were strong, M. annamensis

Figure 2 Phylogram resulting from maximum

likelihood (ML) analysis of mitochondrial DNA

from turtles of the Mauremys mutica com-

plex. Trees from the maximum parsimony

(MP) and Bayesian inference analyses had

identical topologies. The mutica complex was

strongly monophyletic with respect to the

outgroups in all our analyses. The arrows

indicate the presence of distinct mitochondrial

clades that are 6.2–7.5% different with an

nad4-based marker. Support values for each

node are given in the following order: MP

bootstrap, ML bootstrap and Bayesian poster-

ior probabilities. The numbers before each

species name correspond to the vouchers

listed in (Supplementary Material Appendix

S1) with the source of the specimen (farm,

trade seizure, etc.). Specimens with reliable

collection localities are shown in bold.
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renders M. mutica paraphyletic, with eastern China

M. mutica being more closely related toM. annamensis than

Hainan M. mutica.

Discussion

Our study further elucidates the genetic diversity and major

genetic groupings within the mutica complex reported by

Parham et al. (2001) and Feldman & Parham (2004). We

also recover a deep mitochondrial divergence (6.2–7.5%)

between the eastern Chinese M. mutica (the true mutica

clade) and those from the Tonkin Gulf region (The

Hainan–Vietnam clade). Both mitochondrial and nuclear

datasets agree that the true mutica clade is genetically

distinct and that M. mutica is paraphyletic with respect to

M. annamensis. Developing a more accurate picture of the

geographic distribution of the two mutica clades (true

mutica vs. Hainan–Vietnam mutica), and determining where

they come into contact (if at all) will prove challenging

because the distributional gap between known-locality spe-

cimens of both clades is in southern mainland China, the

most active region in the consumption and import of turtle

goods. This highlights a recurring problem associated with

studying the phylogeography of Asian turtles: there are so

few unambiguously field-collected specimens that establish-

ing accurate geographical distributions is difficult (Parham

& Li, 1999; Parham & Wang, 2000; Fong, Parham & Fu,

2002). However, if this distributional gap is real and ancient,

it could explain the high sequence divergence between the

mutica clades.

The high level of divergence of mtDNA used in this study

between the true mutica and Hainan–Vietnam clade

(6.2–7.5%) exceeds that between many pairs of widely

accepted turtle species sequenced for the same marker

(o5%; Feldman & Parham, 2002; Parham et al., 2004;

Stuart & Parham, 2004). Therefore, within M. mutica,

current taxonomy is potentially underestimating lineage

diversity due to the presence of M. mutica in three mtDNA

clades (true mutica, annamensis 1 and Hainan; Fig. 2) and

two nuDNA clades (Hainan, eastern China; Fig. 3). Pre-

vious systematic studies have noted considerable regional

morphological variation within M. mutica (Iverson &

McCord, 1989, 1994), with individuals in the north-east of

its range tending to be brown in coloration and black in the

south-west of its range. We compared these findings with

additional literature and specimens (from museums, turtle

Figure 3 Phyogram resulting from maximum

likelihood analysis of the R35 nuclear intron

from turtles of the Mauremys mutica com-

plex. Trees from the maximum parsimony

(MP) and Bayesian inference analyses had

almost identical topologies. Support values for

each node are given in the following order: MP

bootstrap, ML bootstrap and Bayesian poster-

ior probabilities. The numbers before each

species name correspond to the vouchers

listed in (Supplementary Material Appendix

S1) with the source of the specimen (farm,

trade seizure, etc.). Specimens with reliable

collection localities are shown in bold.
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farms, trade seizures and markets; Supplementary Material

Appendix S1 and S2). There seems to be some concordance

from these results, for example, the turtle farmer’s categor-

izations of individuals (mutica samples 11–12, 14, 16, 26–28,

30–32) into ‘mainland’ and ‘Hainan’ were all correct based

on similar criteria as Iverson & McCord (1989, 1994).

However, with our limited known-locality specimens, we

are unable to definitively tie morphotypes of M. mutica

to geography. If consistent diagnostic characters can be

adequately demonstrated, it may be justified to resurrect

junior synonyms of M. mutica [e.g. Mauremys schmackeri

(Boettger, 1894) forHainanmutica andMauremys grochovskiae

(Dao, 1957) for Vietnam mutica]. But an adequately in-

formed taxonomy of the mutica complex cannot be gener-

ated without detailed genetic and morphologic studies of

specimens with reliable locality data. For now, we urge

taxonomic restraint and feel that it is most judicious to

maintain the current taxonomy, while treating the geneti-

cally distinct M. ‘mutica’ populations from Hainan and

Vietnam as distinct units for conservation (with quotes to

denote their uncertain taxonomic status) separate from true

M. mutica from eastern China andM. annamensis.

Although our mtDNA and nuDNA trees have different

topologies, a similar pattern arises –M. annamensis is nested

within M. mutica. In the case of the mtDNA phylogeny,

M. annamensis is more closely related to M. mutica from

Hainan, while the nuDNA infers M. annamensis to be more

closely related toM. mutica from eastern China. Differences

in the topologies may be due to biological factors (e.g.

introgression or retention of ancestral polymorphisms)

and/or anthropomorphic factors (e.g. translocation or

artificial hybridization), but we are reluctant to favor

one explanation over the other based on the available

sampling. One unexpected result from our study was that

M. annamensis samples seized within Vietnam had haplo-

types corresponding to two distinct mitochondrial subclades

(annamensis 1 and annamensis 2) that were paraphyletic to

those of mutica from Hainan and Vietnam. Based on this

high level of genetic diversity within M. annamensis, we

predict that the range of M. annamensis may be larger than

currently realized (Iverson, 1992; Parham et al., 2006). If so,

this genetic break may correspond to phylogeographic

patterns seen in several other Vietnamese vertebrates (Garza

&Woodruff, 1992; Roos & Nadler, 2001; Stuart & Parham,

2004).

The incongruent morphological and molecular variation

among our trade samples also reveals their limitation as a

conservation resource. Because current captive-breeding

efforts for endangered Asian turtles rely entirely on taxo-

nomic assignments based on morphology, the potential for

these programs to foster the admixture of formerly discrete

genetic lineages is extremely high. In the case of M. anna-

mensis, established programs include plans to breed trade-

rescued turtles and release their progeny into the wild in

Vietnam (Schaffer, 2004, 2006; ATCN, 2006b). Without a

better understanding of the geographic patterns of genetic

diversity in the mutica complex, these efforts may inadver-

tently lead to the disruption of natural population substruc-

ture through the release of animals into the incorrect

geographic area, outbreeding depression and/or the release

of hybrid individuals.

The next steps in resolving the genetic underpinnings of

the mutica complex are to increase efforts to locate and

obtain genetic material from wild-caught specimens. This

study includes three known-locality genetic samples col-

lected by one of us (H. S.), or our colleagues, but without a

concerted effort to obtain more known locality samples

from China and Vietnam, we do not expect this small

sample size to grow in the near future. However, another

potential resource for genetic material is historical museum

specimens. Natural history collections worldwide house

voucher specimens that were collected before the Asian

turtle survival crisis. Many of these specimens have detailed

locality information and could ostensibly provide genetic

data for extremely rare or extinct populations (e.g. Parham

et al., 2004). Unfortunately, most of these specimens are

fixed with formalin, which makes DNA extraction a challen-

ging and uncertain endeavor. Despite these difficulties, some

workers have successfully extracted high quality DNA from

formalin-fixed specimens (e.g. Shedlock et al., 1997; Schan-

der & Halanych, 2003), and so with some effort and the

advent of new techniques, it may be possible to unlock a

trove of genetic data from museum specimens.

Conclusions

Our study illustrates that the genetic diversity seen in the

mutica complex is greater than believed previously. How-

ever, the genetic divisions within this group do not match

the current taxonomy. There may be multiple natural and

anthropogenic forces acting simultaneously to create the

patterns of variation that we observed, but our ability to

untangle these forces is hindered by the fact that most

available genetic material originates from the turtle trade.

Unfortunately, this trade also happens to be the same source

of animals for captive-breeding efforts (Hudson&Buhlmann,

2002; Schaffer, 2004, 2006; ATCN, 2006b). Based on our

findings, we seriously question the probability of success

and efficacy of breeding and reintroduction efforts based on

trade animals (Dodd & Seigel, 1991; IUCN, 2002; Lau,

2002). This is not to say that repatriation and augmentation

(Reinert, 1991) are useless tools for conservation, but rather

we currently know too little about the complex systematics

of most Asian turtles (e.g. Spinks & Shaffer, 2007) to

proceed properly. While genetic samples obtained from

trade specimens can help elucidate minimum estimates of

genetic diversity, their lack of provenance and the risk of

genetic admixture in captivity severely limit their utility for

understanding geographic patterns of genetic diversity or

captive-breeding programs that recommend releasing ani-

mals into the wild. Breeding programs are useful in preser-

ving individuals, educating the public and gathering data on

reproductive biology (Schaffer, 2006), but it is prudent to

shift more attention to in situ conservation of populations

and habitats and understanding the geographic and genetic
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diversity through fieldwork before reintroducing turtles into

the wild.

The next steps towards unraveling the complicated pat-

terns of incongruent molecular and morphological variation

uncovered here will include: (1) intensive field surveys for

new genetic material with known provenance, especially

focusing on M. annamensis and Vietnam ‘mutica’, and (2)

increased effort to extract DNA from historic and formalin-

fixed museum specimens.
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DanMulcahy for helpingwith the phylogenetic analyses, Chris

Feldman for providing laboratory protocols, Roland Sosa

and Sam Yamamoto for providing training, knowledge and

support in the laboratory, J. Robert Macey for providing

support with laboratory work, Lee Grismer for providing

support and advising and theMcGuire lab for reviewing this

paper. Some of the sequencing was conducted in The Field

Museum’s Pritzker Laboratory for Molecular Systematics

and Evolution operated with support from the Pritzker

Foundation. This work is LBNL-59263 and was performed

under the auspices of the US Department of Energy, Office

of Biological and Environmental Research, by the Univer-

sity of California, Lawrence Berkeley National Laboratory,

under contract No. DE-AC03-76SF00098. This is UCMP

contribution # 1910.

References

ATCN (2006a).Mauremys annamensis recorded in natural

habitat after 65 years. December 19, 2006. http://www.

asianturtlenetwork.org/library/ATCN_news/2006_

articles/Mauremys_annamensis_recorded_in_natural_

habitat_after_65_years.html.

ATCN (2006b). Endemic Vietnamese pond turtles come home.

September 11, 2006. http://www.asianturtlenetwork.

org/library/ATCN_news/2006_articles/Press_release_

Endemic_Vietnamese_Pond_turtles_come_home_05_06.

html.

Barth, D., Bernhard, D., Fritzsch, G. & Fritz, U. (2004). The

freshwater turtle genusMauremys (Testudines, Geoemydidae)

– a textbook example of an east-west disjunction or a

taxonomic misconcept? Zool. Scr. 33, 213–221.

Boettger, O. (1894). Materialien zur herpetologischen fauna

von China III. I. liste der von der insel Hainan bekannten

kriechtiere. Ber. Senckenberg. Naturf. Ges. Frankfurt a.

M 25, 129–136.

Brandley, M.C., Schmitz, A. & Reeder, T.W. (2005).

Partitioned Bayesian analyses partition choice, and the

phylogenetic relationship of scincid lizards. Syst. Biol. 54,

373–390.

Buskirk, J.R., Parham, J.F. & Feldman, C.R. (2005). On

the hybridisation between two distantly related Asian

turtles (Testudines: Sacalia�Mauremys). Salamandra 41,

21–26.

Cantor, T. (1842). General features of Chusan, with remarks

on the flora and fauna of the island. Anim. Mag. Nat. Hist.

9, 481–493.

Dao, V.T. (1957). Rapport sur les recherches zoologiques

dans la region de vinh-linh (province de quang-tri, centre

Vietnam) (In Russian with French Summary). Zool. Zh.

36, 1209–1216.

van Dijk, P.P. (2000). The status of turtles in Asia. Chelonian

Res. Monogr. 2, 15–23.

van Dijk, P.P., Stuart, B.L., & Rhodin A.G.J. (Eds.) (2000).

Asian turtle trade: proceedings of a workshop on conser-

vation and trade of freshwater turtles and tortoises in Asia.

Chelonian Res. Monogr. 2, 1–164.

Dodd Jr., C.K. & Seigel, R.A. (1991). Relocation, repatria-

tion, and translocation of amphibians and reptiles: are they

conservation strategies that work? Herpetelogica 47,

336–350.

Feldman, C.R. & Parham, J.F. (2002). Molecular phyloge-

netics of emydine turtles: taxonomic revisions and the

evolution of shell kinesis. Mol. Phylogenet. Evol. 22,

388–398.

Feldman, C.R. & Parham, J.F. (2004). Molecular systematics

of old world stripe-necked turtles (Testudines:Mauremys).

Asiatic Herpetol. Res. 10, 28–37.

Felsenstein, J. (1985). Confidence limits on phylogenies: an

approach using the bootstrap. Evolution 39, 783–791.

Fitzsimmons, N.N., Buchan, J.C., Phan, V.L., Polet, G.,

Tong, T.H., Ngyuen, Q.T. & Gratten, J. (2002). Identifica-

tion of purebred Crocodylus siamensis for reintroduction

in Vietnam. J. Exp. Zool. (Mol. Dev. Evol.) 294,

373–381.

Fong, J.J., Parham, J.F. & Fu, J. (2002). A reassessment of

the distribution of Cuora flavomarginata Gray 1863 on

Mainland China. Russ. J. Herpetol. 9, 9–14.

Fujita, M.K., Engstrom, T.G., Starkey, D.E. & Shaffer, H.B.

(2004). Turtle phylogeny: insights from a novel nuclear

intron. Mol. Phylogenet. Evol. 31, 1031–1040.

Garza, J.C. & Woodruff, D.S. (1992). A phylogenetic study

of the gibbons (Hylobates) using DNA obtained non-

invasively from hair. Mol. Phylogenet. Evol. 1, 202–210.

Animal Conservation 10 (2007) 452–460 c� 2007 The Authors. Journal compilation c� 2007 The Zoological Society of London458

Genetic survey of heavily exploited, endangered turtles J. J. Fong et al.



Goris, R.C. & Maeda, N. (2004). Guide to the amphibians and

reptiles of Japan. Malabar, FL: Krieger Publishing

Company.

Honda, M., Yasukawa, Y. & Ota, H. (2002). Phylogeny of the

Eurasian freshwater turtles of the genusMauremys Gray

1869 (Testudines), with special reference to a close affinity

ofMauremys japonicawithChinemys reevesii. J. Zool. Syst.

Evol. Res. 40, 195–200.

Hudson, R. & Buhlmann, K. (2002). Turtle rescue–turtle

survival alliance executive summary. Turt. Tort. Newslett.

6, 12–14.

Hulsenbeck, J.P. & Ronquist, F.R. (2001). MRBAYES:

Bayesian inference of phylogenetic trees. Bioinformatics 17,

754–755.

IUCN (2002). Guidelines for the placement of confiscated

animals. Prepared by the IUCN/SSC Re-introduction

Specialist Group.. Gland, Switzerland/Abu Dhabi, UAE:

IUCN/ERWDA.

IUCN (2006). 2006 IUCN Red List of Threatened Species.

May 4, 2006. www.iucnredlist.org.

Iverson, J.B. & McCord, W.P. (1989). The proper taxonomic

allocations of Emys nigricans Gray, Emys muticus Cantor,

Geoclemys kwangtungensis Pope. Amphibia-Reptilia 10,

23–34.

Iverson, J.B. (1992). A revised checklist with distribution

maps of the turtles of the world, Richmond, IN: privately

printed.

Iverson, J.B. &McCord, W.P. (1994). Variation in East Asian

turtles of the Genus Mauremys (Batagurdiae; Testudines).

J. Herpetol. 28, 178–187.

Kocher, T.D., Thomas, W.K., Meyer, A., Edwards, S.V.,

Paabo, S., Villablanca, F.X. & Wilson, A.C. (1989).

Dynamics of mitochondrial DNA evolution in animals:

amplification and sequencing with conserved primers.

Proc. Natl. Acad. Sci. USA 86, 6196–6200.

Lau, M. (2002). Captive breeding and translocation-is it the

way forward for conserving endangered species? Living

Forests 4, 18–23.

Lau, M. & Shi, H. (2000). Conservation and trade of terres-

trial and freshwater turtles and tortoises in the People’s

Republic of China. Chelonian Res. Monogr. 2, 30–38.

Le, M., Hoang, T. & Le, T. (2004). Trade data and some

comments on the distribution of Mauremys annamensis

(Siebenrock, 1903). Asiatic Herpetol. Res. 10, 110–113.

Nylander, J.A.A. (2004). MrModeltest v2. Program distribu-

ted by the author. Sweden: Evolutionary Biology Centre,

Uppsala University.

Parham, J.F. & Li, D. (1999). A new locality of Cuora pani

Song 1984 with comments on its known range. Asiatic

Herpetol. Res. 8, 111–113.

Parham, J.F. & Shi, H. (2001). The discovery ofMauremys

iversoni-like turtles at a turtle farm in Hainan Province,

China: the counterfeit golden coin.Asiatic Herpetol. Res. 9,

71–76.

Parham, J.F., Simison, W.B., Kozak, K.H., Feldman, C.R. &

Shi, H. (2001). New Chinese turtles: endangered or invalid?

A reassessment of two species using mitochondrial DNA,

allozyme electrophoresis and known-locality specimens.

Anim. Conserv. 4, 357–367.

Parham, J.F., Stuart, B.L., Bour, R. & Fritz, U. (2004).

Evolutionary distinctiveness of the extinct Yunnan box

turtle (Cuora yunnanensis) revealed by DNA from an

old museum specimen. Proc. Roy. Soc. Lond. Ser. B 271,

5391–5394.

Parham, J.F., Stuart, B.L. & Orlov, N.L. (2006). Mauremys

annamensis: distribution record. Herpetol. Rev. 37, 239.

Parham, J.F. & Wang, Y. (2000). Palea steindachneri: dis-

tribution record. Herpetol. Rev. 31, 111.

Posada, D. & Crandall, K.A. (1998). Modeltest: testing the

model of DNA substitution. Bioinformatics 14, 817–818.

Reinert, H.K. (1991). Translocation as a conservation

strategy for amphibians and reptiles: some comments,

concerns, and observations. Herpetologica 47, 357–363.

Roos, C. & Nadler, T. (2001). Molecular evolution of the

douc langurs. Zool. Gart. (N.F.) 71, 1–6.

Schaffer, C. (2004). The Asian turtle consortium. Turt. Tort.

Newslett. 7, 29–30.

Schaffer, C. (2006). Vietnamese pond turtle program. Turt.

Tort. Newslett. 9, 13.

Schander, C. & Halanych, K.M. (2003). DNA, PCR and

formalinized animal tissue-a short review and protocols.

Organ. Divers. Evol. 3, 195–205.

Shedlock, A.M., Haygood,M.G., Pietsch, T.W. & Bentzen, P.

(1997). Enhanced DNA extraction and PCR amplification

of mitochondrial genes from formalin-fixed museum speci-

mens. Biotechniques 22, 394–396, 398, 400.

Shi, H. & Parham, J.F. (2001). Preliminary observations of a

large turtle farm in Hainan Province, People’s Republic of

China. Turt. Tort. Newslett. 3, 4–6.

Shi, H., Parham, J.F., Simison, W.B., Wang, J., Gong, S. &

Fu, B. (2005). A report on the hybridization between two

species of threatened Asian box turtles (Testudines: Cuora)

in the wild on Hainan Island (China) with comments on the

origin of ‘serrata’-like turtles. Amphibia-Reptilia 26,

377–381.

Siebenrock, K.F. (1903). Schildkröten des östlichen
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Appendix A 

A total of 37 specimens from several different sources were used in this study. Numbered 

specimens correspond to those in Figure 2. Ten of the DNA sequences used in this 

analysis were obtained from Genbank. Following is a list of all specimens used in this 

study with their voucher number, Genbank accession number for nad4, and Genbank 

accession number for R35 (if applicable). Outgroups: Cuora galbinifrons (FMNH 

255695; AY364617; n/a), Mauremys caspica (MVZ 234281; AY337340; n/a), M. 

reevesii (MVZ 236729; EF034110; n/a), M. nigricans (MVZ 234641; EF034111; n/a), C. 

amboinensis (FMNH 255262; n/a; DQ386654). Ingroup: 1) M. annamensis (MVZ 

251449; EF034098; EF587934); 2) M. annamensis (MVZ 238937; AY337338; 

EF587933) 3) M. annamensis (MVZ 251454; EF034103; n/a); 4) M. annamensis (MVZ 

251456; EF034105; EF587922) 5) Cuora X Mauremys hybrid (MVZ 230475; 

AF348241; n/a); 6) M. annamensis (MVZ 251453; EF034102; EF587929); 7) M. 

annamensis (MVZ 251460; EF034109; EF587926); 8) M. annamensis (MVZ 230462; 

EF034113; DQ386655) 9) Vietnam M. ‘mutica’ (ROM 25613; AF348279; n/a); 10) 

Vietnam M. ‘mutica’ (ROM 25614; AF348280; DQ386668); 11) Hainan ‘mutica’ (MVZ 

251447; EF034096; EF387929); 12) Hainan ‘mutica’ (MVZ230477; EF034105; 

DQ386665); 13) Hainan ‘mutica’ (MVZ237108; EF034104; EF587915); 14) Hainan 

‘mutica’ (MVZ 251448; EF034097; EF587925); 15) Hainan ‘mutica’ (MVZ 251452; 

EF034101; EF587917); 16) Hainan ‘mutica’ (MVZ 251446; EF034095; EF587930); 17) 

Vietnam ‘mutica’ (MVZ230476; AF348278; DQ386664); 18) M. annamensis (MVZ 

251455; EF034104; EF587923); 19) M. annamensis (MVZ 251457; EF034106; 

EF587928); 20) M. annamensis (MVZ 251458; EF034107; EF587924) 21) M. 



annamensis (FMNH 262238; EF034112; DQ386656) 22) M. annamensis (MVZ 252396; 

EF587914; EF587921); 23) M. annamensis (MVZ 251450; EF034099; EF587919); 24) 

M. annamensis (MVZ 251451; EF034100; n/a); 25) M. annamensis (MVZ 251459; 

EF034108; n/a); 26) M. mutica (MVZ 251443; EF034092; n/a); 27) M. mutica (MVZ 

251444; EF034093; EF587931); 28) M. mutica (MVZ 251440; EF034089; EF587932); 

29) M. mutica (MVZ 230487; AF348278; DQ386666); 30) M. mutica (MVZ 251441; 

EF034090; n/a); 31) M. mutica (MVZ 251442; EF034092; EF587916); 32) M. mutica 

(MVZ 251445; EF034094; EF587927). 

Institutional abbreviations: FMNH—Field Museum of Natural History, Chicago, IL, 

USA; MVZ—Museum of Vertebrate Zoology, University of California, Berkeley, CA, 

USA; ROM—Royal Ontario Museum, Toronto, Ontario, Canada. 



Appendix B 

For this project, additional material to Appendix A was examined but not sequenced: 

1) CAS-SUR 9142, Mauremys annamensis (Holotype of Annamemys merkleni; 

Savage, 1953), Fai-Fo, Annam, Vietnam; 2) FU R177, Mauremys mutica, Shaoguan, 

Guangdong Province, China; 3) MNHN 1884-437, Mauremys sp., Saigon, Vietnam; 

4) MNHN 6502, Mauremys sp., Saigon, Vietnam; 5) MNHN 1948-39, Mauremys 

annamensis, Fai-Fo, Annam, Vietnam; 6) MVZ 23937, Mauremys mutica, Kakchiek, 

Swatow, Guangdong Prov., China; 7) MVZ 23938, Mauremys mutica; locality: 

Kakchiek, Swatow, Guangdong Prov., China; 8) MVZ 230462, Mauremys 

annamensis; locality: Dongmen Market, Haikou, Hainan Province, China; 9) FMNH 

6588, Mauremys mutica; locality: Hainan Prov., China; 10) FMNH 6589, Mauremys 

‘mutica’; locality: Hainan Prov., China; 11) FMNH 6590, Mauremys ‘mutica’; 

locality: Hainan Prov., China; 12) FMNH 6592, Mauremys ‘mutica’; locality: Hainan 

Prov., China; 13) FMNH 168907, Mauremys mutica; locality: T’ai-chung Hsien, 

Taiwan; 14) FMNH 168920, Mauremys mutica; locality: T’ai-chung Hsien, Taiwan; 

The following references provide images that aided our comparisons: Siebenrock 

(1903), Bourret (1941), Dao (1957), Petzold (1963), Iverson & McCord (1994), 

Yasukawa, Iverson, & Ota (1996). 

Institutional abbreviations: CAS— California Academy of Sciences, San Francisco, 
CA, USA; FMNH—Field Museum of Natural History, Chicago, IL, USA; FU—
Fudan University, Shanghai, China; MVZ—Museum of Vertebrate Zoology, 
University of California, Berkeley, CA, USA. 
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