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Biogeography and hotspots of amphibian
species of China: Implications to reserve
selection and conservation

Youhua Chen* and Junfeng Bi
College of Life Sciences, Wuhan University, Wuhan 430 072, P.R. China

Studies on species’ biogeography, biodiversity are of worldwideé*3. The World Conservation Union’s (IUCN) 2001

remarkable significance in biogeographic regionaliza- Red List of Threatened A_mphlblans suggests that more
tion and systematic conservation. In this article, we em- than one-third of the species are threatened globally. Itis
ployed various numerical approaches to investigate reported that during 2004, about 168 amphibian species
distributions of amphibian species of China at differ- were extinct Wwww.geo.d¢. Several studies have revealed
ent geographic scales. Distributional information of that™’ amphibian groups show specific composition in
224 amphibian species was first accumulated to build any given geographical unit. Information on these rare
a database. The database was then analysed by (i) Geospecies are highly useful in reconstructing biogeographi-
graphical Information System for richness mapping; (i)  cal history of a regioh®®. In this respect, studies on am-
cluster analysis and parsimony analysis of endemicity phipian species are significafit2 China is one of the
I%nbé?%ergg;aﬁnfrﬁﬁ'gﬁggﬁﬁgﬁ;-?ﬂg L‘g;}glee?ﬁgm';?: richest areas in the world in terms of amphibian species
ity analysis rank the quadrates, for nature reserve (herein.denoting toads'and frogs) gnd Is a conf_luence of
two main zoogeographic realms, viz. Palaearctic Realm

selection and (iv) species potential distribution model- X 1314 .
ling for revealing species potential distribution @nd Oriental Realmi~. More than 300 amphibian spe-

boundaries. Our results indicated that most species cies have been recorded in China. Among them, many are
were restricted to a latitudinal region between 27-30 endemic to China. One feature of these species is the nar-
and about 31% of the species belonged to vulnerable row distributional range they have in China, including Tai-
threat category. Hotspots for species diversity were wan provinc&'®. Geographical Information System (GIS)
mainly detected in most areas of Sichuan and Yunnan. is of important use in biogeography as it provides a visual
Seven zoogeographic regions and six endemic areas wergepresentation of species distribution anditeabstatud®.
identified. Compared with biogeographic regions of rep- gcological niche modelling is being increasingly adopted
gl\(/a;}lamammﬂ?ngr?d bﬁlc?nésc') somﬁ_ regions V\;ec;.?f fount to study the potential distribution of a species based on
ppIng g biogeograpnic regions ot ditferen climatological data inputs. It is one of the best tools cur-

species. Complementarity rarity-based analysis car- ? ) )
rigd out 37 op'ﬁmal grid célls thgt could repreysent the rently available for assessing the effects of climate changes

152 selected species based on rarity values. The currentO the distributions ofspecﬂésAssomate_d mathmatical
potential distributions of 224 species based on Domain techniques contain two categorigsParsimony Analysis
and GARP models had similarities as well as divergent of Endemicity (PAE) is a technique to identify areas of
aspects. Some shifts existed between the current and fu-endemism designated by species with convergent bio-
ture distribution ranges based on Domain model. Our geographical histofy*° The PAE uses the parsimony algo-
study represented the first attempt for a combined rithm to obtain an area cladogram. It begins by compiling
quantitative analysis for amphibian species distribu- presence/absence information for taxa at samplditiesa

tion in China. and then groups the localities into a cladodgraifhe PAE

has been used widely in many biogeographical studies in
Keywords: Biogeography, biodiversity, parsimonyrecent years'?®> Multivariate analyses are popularly ap-
analysis of endemicity, amphibians, geographical infoplied in biogeography and ecology. Herein we use cluster
mation system. analysis for endemic amphibian regionalization at the

level of provinces, which are geographical units. We cal-
THE loss of biodiversity has become an issue of glob&ulate Euclidean distance with Ward'’s algorithm in cluster
concern. Amphibians, one of the most susceptible groupsalysis, and the dendrogram used is showed here.
of animals, are representative of the loss of population Perhaps our study is the first attempt for a combined
and speciés Since 1980s, there have been increasing repoasalysis for amphibian species distribution in China. The
about the decline and extinction of amphibian populatiof®AE and cluster analysis procedures provide useful informa-
tion for identifying areas of endemism/hotspots that may
*For correspondence. (e-mail: haydl@6.com) have been overlooked formerly. The GIS procedure and
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species projection modelling provide useful information fo€hina for our analyses were obtained from National Fun-
strategic conservation planning. damental Geographic Inforation SystemNFGIS) (http//
nfgis.nsdi.gov.cn).

Winclada*®® is used to perform the PAE at different
geographical levels. First, we integrated the locations of
We gathered information on 224 amphibian species to comer species into ranges of 2_4_provinces. Each species was

used as one operational unit in the form of present/absent

pile a database which was derived from an exhaustive re- : . . .
in each geographical unit. If a species was present in one

view of earlier published literature and websites. On_ " : . in th h |
every species we recorded the following data: scientif Cartlcular unit, we tagged Lin the sprea_lds e_et, or else
) gged. Thus we compiled a 224 matrix which in-

name, common name, conservation status, distributiongl : : S .
%Jded all information of species in all the provinces and

) : o C
points and related coordinate. All the data were obtaln% b32x 152 matrix which included 152 species that have
from the following websites and literature: China Specieg i T pec

Information Service (CSISpitp://www.chinabiodiversity. i entlfled_expllcn point distribution records_ln all tBGZ_
com), Global amphibian assessmemitg:// www.globalamphi geographical quadrates. Then the two matrices were intro-
%s’ ord. Amphibian Species in .the Worldht ] duced for PAE and cluster analysis. Cluster analysis
bians.ord, P P hi(p:/ was carried out by STATISTICA* 6.0.

research.amnh.org/herpetology/amphibia/indeX;fitina : i
Red Data Book of Endangered Animals — Amphibia and We also p_erform_ed complementarity .a”"?"%fer re
" og e .~ serve selection using the 282152 matrix, in order to
Reptilig®*, Identification Handbook of Herpetology midentify rid cells with a defined size. which comple-
Chin&®, Systematic Searches of Herpetological Species 9 h other i f ! -omp Th
of Chin&®, Acta Hebpetolocica Finidd, An lllustrated Mented each other in terms of species composition. The
Key to Chinese Amphibias Atlas of7 Amphibians of selection procedure was iterafiieWe selected minimum

) 2o . . grid cells to represent all the 152 species concerned using
China® andRare and Economic Amphibians of Chiha Rebelo and Siegfried’s rarity algoritihh The selection

égotgeredcagf:j;vere listed in a spreadsheet running to 0VBFocedure had the following steps: We first assign each grid
The databése was then submitted to GIS for spati%?” a rarity value according to the following formula:

analysis such that current distributional hotspots Were o - it - SKai

identified and potential distribution of species in China y

\\//vie;\(;:'v p?)roée(zﬁc;' gfﬁ‘.’g ggn?é%/viﬂl?ae dg?jn?rrslesg févr\;arg]:rv(\:/ﬁerek is the total number of unreserved quadrates and

website:http://www.diva-gis.ory, Most of the computa- ai is the number of unreserved grid cells containing the

. iﬁ‘l species. The grid cell with the highest summed rarity
tional procedures we employed were based on these soft: . .
ware value was nominally reserved and removed from the matrix,

We have adopted a method based on ecological nic%)g(:"ther Wlth all the species present in th"?‘t .g”d c_eII. The
summed rarity value for each of the remaining grid cells

modelling to detect significant hotspots for conservation . .
. . . “was recalculated and the next highest quadrate was conti-
planning. We used a batch of species for calculation: . . )
: R . nued until all species were represented in the selected
mapping the potential distribution as a whole with all the . :
S ) . adrates. If more than one site had the same rarity value,
records. The digitized maps obtained could be interpret : . :
we choose the one with higher richness.

as the suitable sites for all the species. At the meantlme,.l_O minimize the effects exerted by the possible fact

we used CCM3 climatic modelling results to predict th o : . X .
shifts in distributional range of all the 224 species und%wt the amphibian species located in the territory of China

: . : . k ad not been widely surveyed and to obtain a more accu-

further predicted climatic condition.hitp://www.cqgd. : .
i . rate result, we excluded some provinces. Figure 1 shows
ucar.edu/cms/ccm3http://eed.linl.gov/cccm/hiresolu.htiml S . )
. T . all the distributional points and quadrates we used in our
We manipulated the pjection procedure by adopting stud
Domain mode?* and Genetic Algorithm Rule-set Proc-> - Y-
ess modér-3,
Software employed were DIVA-GIS and DesktopResults

GARP** respectively. The default climatic variables in-
built in these two software were used. In all 19 variabldsatitudinal distributional pattern and IUCN
including annual mean temperature, isothermality, annuaitegories of species in China
precipitation and precipitation seasonality were used in
DIVA-GIS. In Desktop GARP, there were 14 variablesThe interrelationship between species richness and latitude
including topography, slope, etc. The maps produced askown in Figure 2 suggests that geographic area from 27
combined with Arcview 3.3. The WorldClim databaseo 3C°N lat. was the host range for amphibian species in
(http://biogeo.berkeley.edu/worldclim/worldclim.htm) pro-China. Figure 3 shows the percentage of species of China
vided correlative environmental datasets. Base layersfailing into different threat categories of the IUCN.

Data gathering and approaches for the analysis
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Figure 1. a, All the amphibian species distributional points used in our study and recorded in our data-
base.b, Quadrate geographical units used in our study. In all there are 232 grid cells whose labels were

marked.

About 31% of the all species € 69) was in the vulner- of Hunan could also be identified. Other regions, such as

able category; five species, viRana wuchuanensiR.
minima Scutiger maculatyreolalax liangbeiensiand

Leptolalax ventripunctatuwere in the critically endan-

gered category.

Map of amphibian species hotspots based on
richness

most of the territory of Yunnan, Fujian, Taiwan, Hainan,
Guizhou, Hubei and a narrow area in Xizang also show
high level of richness to some extent.

Cluster analysis and PAE

The dendrogram of cluster analysis based on Ward's algo-
rithm is shown in Figure 5. The similarity matrix was cal-

Figure 4 depicts the amphibian species richness map. \Wldated based on Euclidean distance. Sichuan and Yunnan
used the 1x 1° grid highlighted in different colours to were first clustered into a group for their significant
show the richness. The hotspots (high richness valued)undant species. Hubei, Shananxi and Gansu were classi-
could be found in the middle and south of Sichuan Profied as another group. Most southeastern and northeast
ince. The narrow range from north of Guangxi to the soutfrovinces were divided into two groups respectively.
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The PAE was performed using heuristic search to identiénd retention index is 0.4703. By operating strict consensus
the best trees. At the level of province geographic unitef 68 trees, we obtained the strict consensus cladogram
24 x 224 matrix (24 geographic units and 224 specieshown in Figure @. At the level of 2 x 1° geographical
carried out 68 best trees. The length of all trees is 30@uadrates, 238 152 matrix carried out more thd®00
consistency index is 0.5955, homoplasy index is 0.404Best trees and the calculation procedure $ones flowed

out.
We used the restriction that 1000 trees hold at each
w ' step, and the strict consensus cladogram carried out by
¢ :: Winclada* (Figure ) and the 15 groups marked therein
_2*;: 40 have been updated into the geographical map (Figg)re 5
g 30 We denoted a group as an endemicity region which involves
g " more than three clade branckfes
? o The parsimony analysis produced consistent assem-
S SE BB S B SL S B8R FB 85888888 blages _of areas. Neve_rthelt_ass, the re_Iationships among some
Latitude clades in our study either in 24 provinces or 232 quadrates

were not resolved. One reason for this was that some
Figure 2. Interrelationship between latitude and species richiéss. geographical units had too less records to manipulate using
axis represents the latitude; herein we use the equal latitude intervihe computer. The consequences from the PAE were differ-
for example, 18 means the latitude interval between 18 anf, 19 :
cluding 19. Y-axis represents the number of species involving in thgnt from the Clu_Ster analySIS' In the de_ndrogram of clus_ter
related interval. analysis, Hubei, Gansu and Shananxi were clustered into
a group, while in the cladogram of the PAE at province
level, Hubei was a branch of the geographical group, includ-

ing Hubei, Zhejiang, Fujian, Anhui, etc. Despite the dif-
ferences, they have similar aspects such as the group
involving Hunan, Guangxi, Guizhou can be obtained in
‘ both methods. Comparing the two approaches, a PAE
. cladogram supplied more useful information and could
DD Lc NT vu EN CR

40

Percentage
= N O
© © ©

indicate historical sequences of biotic divergence and iso-
lation92042

IUCN Red List Grade

Figure 3. 1UCN red list grade composition of amphibian species irBiogeographical regionalization for amphibian
China. DD, Date Deficient; LC, Least Concern; NT, Near Thre<51ter‘$l:)e(_"ieS of China

VU, Vulnerable; EN, Endangered; CR, Critically Endangered. Larges

percentage of species £ 69 amounts to 31%) were in the vulnerable

category. Based on cluster analysis and PAE, biogeographic divisions
for amphibian species in China can be divided into seven
regions (Figure 7).
A, Southwest region: Yunnan, Sichuan, East Xizang.
These regions located in the altiplano of lower altitude
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Figure 4. Amphibian species richness map in China. The colours

light to heavy, represent the richness from the minimum to maximut..
value, while white colour represents no data or no species detected cur-

rently. Sichuan, Yunnan, Guizhou, the range from north of Guangxi teigure 5. Dendrogram of amphibian species at the level of province
middle of Hunan, east areas along sea coast areas (including Zhejigapgraphical units, the cluster algorithm is Ward’s algorithm based on
Fujian, Taiwan) are the locations holding high richness values. Euclidean distance.

A
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Figure 6. a, Strict consensus cladogram of PAE at the level of province geographical units. The3®8estepsdng, consistency index (Ci) is
0.5955, and retention index (Ri) 0.4708.Strict consensus cladogram of PAE at the level°sfll geographical quadrates. The tree is 804 steps
long, Ri =42, Ci=18c, Endemic regions grouped by Winclada* heuristic search. Labels marked in the map denote the groups showed in the
cladogram of Winclada*.

are characterized by various climatic patterns (includinghina, and congruent with the region based on mamals
North Torrid Zone, South Sub Torrid Zone, South Temis poor for amphibian species habitat.
perate Zone, etc.), topographic types and rich precipita-D, Middle to South region: Guangxi, Guizhou, Hunan.
tion*?, all of which help gestate the diversified endemi@he species shared among the provinces incRaea
amphibian species. In addition, this region also retainssehmackeriR. adenopleuraR. margaretagR. lungshen-
number of virgin forests, as is regarded as one of tlgensis Polypedates omeimonti®achytriton labiatus
world’s species’ hotspots. This region can be divided int®aa shinj etc.
two sub-regions: (Al), Qinghai—Xizang Plateau sub-region E, Middle to Northwest region: Hubei, Gansu, Shananxi.
(includes Xizang) and (A2), Yunnan—Guizhou Platealihe climatic conditions of this region are affected by the
sub-region (includes Yunnan and Sichuan). Qinling Mountains, which stretch from east to west in
B, Southeast region: Guangdong, Anhui, Jiangsu, Zhejiarghananxi.
Fujian, Hong Kong and Jiangxi. The features of this re- F, Hainan Island: This is the second largest island in
gion include abundant precipitation and affluence in wat€hina, after Taiwan. It has monsoon tropicéhelte with
resource. annual average temperature of 222Q@nd annual rain-
C, Northeast region: Ningxia, Jilin, Liaoning, Heilongjianfall of 1500-2000 mm. Its topography is low on four sides
Shandong. The region covers most areas of the nomhd high at the centre. Because of the geographical isolation

484 CURRENT SCIENCE, VOL. 92, NO. 4, 25 FEBRUARY 2007



RESEARCH ARTICLES

from the mainland, it holds a good many amphibian speecognized as endemic areas, but had been overlooked in
cies most of which are endemic. For examgRgana former studie$***°
fragilis, Philautus menglaensiR. hainanensisPelo-

phryne scalptusAmolops hainanensid. torrentis etc. geserve selection by complementarity rarity-based

EIzgorlthm

G, Taiwan Island: Taiwan straddles the tropical an
subtropical zones where the tropics of cancer and t
north tropic cross, and has warm summer and mild wint
The climate is moderated by the warm water of the K
roshio Current. There are also several native species.
example,Hynobius sonaniMicryletta steinegeti Rha-
cophorus taipeianysRana longicrus R. swinhoana
Buergeria robustaRhacophorus arvalisRhacophorus
moltrecht etc.

elEigure 8 shows results of the complementarity analysis.
Efomplementarity analysis investigates the minimum areas
for nature reserve selection by protecting maximum number
of species. Based on the rarity selection algorithm, we ob-
tained 37 optimal grid cells for representing 152 selected
species, occupying 16% of all the 232 quadrates.

Potential distribution ranges based on different

Areas of endemism for amphibian species of Chinﬁwodels

En_demlsm could _be d_|st|ngwshed fror_n Species nphn.eﬁ?gure 9a shows the current potential distribution for all
using an appropriate index and mapping of such indices

can detect centres of endemfémEndemic regions are . - 224 species, Figurex3hows their potential distribu-

shown in Figure @ by integrating the PAE result at thetlon map under future predicted cllmatg using C(_:M3
o o : : .~ “model. Figure @ shows the current potential distribution
1°lat. x 1°long. quadrate level. The following six regions :
. - o s map for all the 224 species based on GARP model. A

could be identified as endemic: Taiwan Island; Hainan Is-
revalent feature shared among the three maps was that

land; Southwest region: Sichuan and Yunnan; East regmfpl.e most suitable areas were located south and east of China,

Fuj'an’_ Zhejiang and Anhw, North region: Henan, HUbeﬁ‘ncludmg Taiwan and Hainan Islands. Northern and west-
Shanxi and South region: Guizhou, Hunan and Guangxi, . ) .

; . e o 2'ern regions were not potential areas for survival of the
Some of these regions had been identified in previous

work®*3, The most endemic regions were: Southwest spectes. Especially in Figureciunder GARP model,

China, the richest area for amphibian species; and Hammr%')st_areas of Q_mghau, '”’?er Mongolia and Xinjiang are
. : ; evoid of amphibian species.

and Taiwan Islands. Long periods of separation experi- ! S .
; A o ) Comparing the two digitized maps based on Domain
enced by endemic species inhabiting these two islands : .
. g . model we could predict that the suitable ranges would de-
resulted in their high endemic values. The narrow range . . . - : .
) . rease in future climatic conditions, especially in the
from Guangxi to Hunan, Eastern Xizang also could hé : X .
western and northern regions, where potentially endemic

species had almost disappeared. The most suitable re-
gions would decline sharply, such as East Xizang. Based

."-I.' !
Rl R
n - -'l“_ oL " :f
- " n
N mEon .wkl.
=l el
i

Figure 7. Regionalization of amphibian species in China based o

cluster analysis and PAE. A, Southwest Region: Yunnan, Sichuan, >

zang; B, Southeast Region: Guangdong, Anhui, Jiangsu, Zhejian, F

jian, Hong Kong, Jiangxi; C, Northeast Region: Ningxia, Jinlin,

Liaoning, Heilongjian, Shangdong; D, Middle to East Region: Guangxi,

Guizhou, Hunan; E, Middle to Northwest Region: Hubei, GansuFigure 8. Map of thirty-seven optimal priority areas derived from
Shananxi; F, Hainan Island and G, Taiwan Island. complementarity rarity-based selection algorithm.
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genic influence on global climate has increased the rate of
extinction of amphibians worldwide. Further, infectious
diseases are now recognized as a major cause of decline
in populations of amphibiafs Many documented data
suggest that climate change has indirect influence on the
initiation of breeding activities of a few amphibians spe-
cies.

Regardless of the role that climate change may have
played in the past and in the current decline of amphibian
populations, future change in global climate willtegnly
pose challenges for the surviving amphibian populations.
It is important to consider the trends in global climate
change while planning recovery efforts for endangered
sepcie®’. Understanding distributional range and habitat of
amphibian species is necessary for further studies seeking
ways to reduce the rates of population decline. Some spe-
cies exhibited narrow distributional ranges, even just one
geographical point.

For instance,Bufo wolongensisonly survives in
Wolong Nature Reserve, Sichudtlyla zhaopingensisnly
in Zhaoping county, GuangxQreolalax nanjiangensis
only in Nanjiang county, Sichuascutiger muliensisnly
in Muli, Sichuan; Xenophrys daweimontionly in
Daweishan Nature Reserve, Hun&ynops wolterstorffi
only in Kunming City, YunnanTheloderma kwangsiense
only in Dayaoshan Nature Reserve, Guangxi. These species
need immediate attention. Contrarily, some species have wide
distributional ranges, and often can be found in many
provinces. For instanc8ufo andrewshas been documented
in Yunnan, Sichuan, Hubei, Guangxi, Gansu, Guizhou,
Shananxi, Zhejiang, and Qingh&ana quadranuis dis-
tributed in Shanxi, Shananxi, Hubei, Gansu, Yunnan, Si-
chuan, Anhui, Henan, and Hunan. However, many of them

Figure 9. a, Current potential distribution map of all 224 amphibianh ve suffered from habitat fragmentation and population
species in China based on Domain model. Colours from green to re

represent the suitability degrees of areas from the minimum to maleclines in the recent yedts
mum value, while white colour represents no data or not suitable areas.Biological invasion has penetrated into the amphibian

b, Future potential distribution map of all 224 amphibian species BopulationsRana catesbeiania native to north of America
China based on Domain model under predicted climatic condition using

CCM3 model. Colours from green to red represent suitability degreéd1d was introduced into China for its economic value. It
of areas from the minimum to maximum value, while white colouis believed that its capacity to survive and its higher re-

represents no data or not suitable area€urrent potential distribution ; it ; ;
map of all 224 amphibian species in China based on GARP model. It‘ljsr(:)dlmtlve abilities have led to potential decrease in the

a combination of 18 layers carried out by Desktop Garp. All the layef@Opulation sizes of native spedies

are merged by Arcview 3.3. Colours from light to heavy represent suit-

ability degrees of areas from the minimum to maximum value, while

white colour represents no data or not suitable areas. Comparison among biogeographic regions of

reptiles, mammals, plants and amphibians

on the results from ecological niche model, we found thqlh

suitable ranges of many species would decrease in futlfa%leuzcéogsi?/g;a?t;'%ﬁg'?:So?iiind?nrgfta&ﬁi'g'zr:esgsecﬁs
though they occupy large regions currently. 9 9

China. We have compared our results with those of other
publications and literature about the zoogeographic regio-

Discussion and conclusion nalization of China, and have found some overlap among
different animal zoogeographic regions. For instance, re-
Amphibian species need more attention gions A, F, G have also been identified by other work-

er$™®1% These results may reveal that the species
Amphibian species are one of the most sensitive grougistribution is closely correlated with the environmental
of animals to climatic changes. It is feared that anthropand climatic factors.
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In our study, East Xizang has significant diversity valendemism areas. For example, in the narrow range from
ues where many endemic species occur, and is identifi€diangxi to Hunan we find the Dayaoshan Nature Reserve,
as one hotspot, which is congruent with the observatiofiaping Nature Reserve, Manshan Nature Reserve, etc.
of Chenet al*®. They recommended that the Qinghai—

Xizang plateau be considered as an independent ®iogeography and biodiversity studies integrating
ogeographic division equivalent to Palaeoarcadmeand multiple approaches provide new insights

Oriental realm. They elucidated their viewpoint by studying

several endemic fishes occurring in the plateau. Based on Bacline in amphibian populations in relation to global
analysis of the diversified amphibian species, we suppafimate change during the past two decades has become a
their recommendation. hot topic in science. We have used two models to predict

As shown in Figure 4, most amphibian species are in ttiee potential species distribution under the current climate
southwest and southeast regions of China, which have pemd that predicted under future climatic conditfSnghe
lific precipitation and water resources. However, thergesults indicate that the habitat regions for amphibian
are no endemic species records in the northwest of Chirspecies would shrink and it is likely that the more suitable
In other words, distribution range of amphibian speciesiggions in the future would shift southwards.
concentrated in the southwest and southern regions of ChinaCluster analysis was employed for zoogeographical de-
Such distribution reflects a species dispersal in China, ilenitation of amphibian species in ChittaCombining
plants/animal species have high diversity values in theith the consequences of the PAE, seven regions are delim-
South and East and low values in the North and ést ited by cluster analysis at province geographical level.

As seen in current and future potential distributiohey are southwestern region, northeastern region, middle to
maps of species, we can conclude that the areas occupiedhwest region, middle to south region, southeast re-
by amphibian species will decrease in future. The suitalggon, Hainan Island and Taiwan Island. The PAE is used
ranges for species habitation will shift gradually to Soutto classify areas of endemism at different levels, but some
and East China, where there is sufficient food and suitlassified groups are still unresolved. The problem may
able climate. Our observations are in agreement withe solved by adding more distributional records and new
those on mammal$ statistical techniqué& The groups classified by PAE at

the I x 1° quadrate geographic unit level could be re-

garded as amphibian species endemism areas.
Hotspots and nature reserve selection for Mapping species distribution has been broadly stefdréd
amphibian protection As seen in our study, it focuses on current species habitat

regions, and attempts to predict their potential distribution.
Hotspots are considered as an easy way to protect bidditegrating to GIS, it becomes a powerful tool for biodi-
versity. Fifty-four hotspots in the world have been describegrsity conservation planning and biological control of
(http://mww.biodiversityhotspots.org/xp/Hotspots  South-  exotic species. Our study emphasizes mapping species
west China (mainly indicates Yunnan, Sichuan, Xizangjistribution to interpret the spatial distribution of endemic
is recommended as one of them. At a downscaling levelmphibian species. The distributional maps indicate the
based on complementarity analysis and hotspots, we recdirediversity of these regions in China.
mend the following regions as most ones for amphibian Complementarity analysisis a rational nature reserve
biodiversity protection. They are Hainan Island, Taiwaselection procedure that has been widely used since it can
Island, most areas of Sichuan and Yunnan, East Xizangptect maximum amount of species by selecting minimum
range from North Guangxi to Middle Hunan, as well aareas. We employed the rarity-based algorithm to obtain
the transitional zone of Anhui, Zhejiang and Fujian. Son&7 complementary areas for protecting the concerned 152
of these areas are also hotspots for other vertebrate speaiphibian species.
and plant®. Yunnan and Sichuan are areas that have maxi-Our zoogeographic regionalization, endemism centre
mum number of endemic plant species in the widrld  delineation and priority area selection are all based on

Nature reserves are one of the important practical agluster analysis, PAE, biodiversity mapping and comple-
proaches for biodiversity conservation, especially for theentarity analysis. Combining various methods to investi-
scope they offer foin situ conservation of natural eco- gate biodiversity and biogeography is a trend nowadays
systems and wild life speci@s Our systematic investigation on species distribution range

During recent years, the Chinese Government has &t employing multiple analytical techniques has seldom
tached much importance to the protection of biodiversitpeen seen in other publications from CHitta
About 799 nature reserves and over 200 centres have
been established for the introduction and propagation pliture studies on vertebrate species in China
animals and plantshftp://www.brim.ac.cn/books/cntrysdy
cn/index.htm). There are a number of nature reserves th&uture studies should enhance the analytical tools and ap-
cover most of the amphibian species hotspotgtoaches to evaluate vertebrate species distribution and their
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related information, especially their habitats and physio-
logical conditions in more detailed ways. All the amphibian

species located in China, both endemic and non-endem;fg;
will be taken into account. As global climate changesg;

have severely affected species compositions, we will also

take other vertebrate species into account in future studies.

We have gathered a lot of information on distribution and

habitat status of the endemic avian species, endemic maif-

mals and endemic reptiles in China. A database containing
all the information about endemic vertebrate species of

China will be built up in the future.
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