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Abstract

The biogeographica reict phenomenon of extant land vertebrates at the peciesleve has been consderedin re

lation to climatic changes snce the Quaternary. Three mgor relic patternsoccurring in China have been illustrated. The
results seemly are not in agreement with the theory of the East China Qaciation, a longstanding controversy [ Acta Zoo-

logica Sinica 50 (5) : 841- 851, 2004].
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1 Introduction

In mainland Ada, mgor Peistocene glaciations
came into existence in the north, minor glaciationsin
the Centra High Ada, where the huge Tibetan
(Qinghai- Xizang) Plateau lies and the highest moun-
tain ranges of the world, the Himalaya, Karkorum,
Kunlun, Tianshanin the West Chinaoccur. Opinions
have varied greatly concerning the extendon of the
glaciated areas in Sberia (Nilson,1983). Whether
or not Quaternary glaciation ever existed in the medi-
um and low mountainsof East Chinaisalong digut-
ed question. The famous Chinese geologist , Prof. Li
S-Guang (J. S. Lee) and his followers claim that
glacid relics were found at over 100 places, even on
the hilly land 200 ma s.I. at 22°N in East China. A
group leaded by Prof. Shi Yaeng came to different
oconclusons. The main point is that goart from High
Ada, where the glaciers have developed digtinctly,
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gaciers existed mostly in afew high mountains along
the eastern margin areas of Tibetan Plateau. Moun-
tains lower than 2 000 m over the area of East China
were beyond the condition to glaciers during Quater-
nary (Fig.1) (Shi et d., 1987).

In an early paper on East China Quaternary
Qaciation, Prof. Li S- Guang (1942) recognized that
“ based on pdaontologica evidence, other than a mix-
ture of cold, temperate or tropica fauna elements, a
particular glaciad biota has not been known in the
glaciated area hypotheszed” (Li, 1975). Then, a
theory of Ice age refugia—~ Pantu Ground ” of the
East China was proposed ( Kahlke, 1961). Recent
studies on Quaternary paynology , mammals, loess,
paleosls and cave deposts show that the climate os
cillated from temperate to subtropica many times
during the Quaternary in North China. A smal nunr
ber of relics of Mewzoic plants, as ginkgo Kinkgo
bitoba, water fir Metasequoia glyptastroboides and a
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Fig. 1 Didribution of partial Quaternary glacier relics in Eastern China( Shi et al. ,1987)

large number of Tertiary plants had been growing for
along time and survived several Quaternary cooling

periods (Shi et a., 1987). The Yangze crocodile
Alligator sinensis and the giant sdlamanders Andris
davidianus, which are judged as gecies of the ther-
mophilic Tertiary fauna (lllies, 1974) , are ill ex-
tant in the lower reaches of Changjiang River and
over the most part of East China, repectively. The
record of the Plestocene zoogeographicad evolution
and its existing tendency indicate that there was a
broad fauna trandtion zone between Orienta and
Palaearctic redms in East China (Zheng and Han,
1991; Zhang, 2002) . The resultsof these studies are
in esentia agreement with the theory of refugium
rather than of glacid land in East China.

The synthes s presented herein is based on inter-
pretations of relict distribution of extant land verte
bratesin China. It isan attempt to assemble impres
sons accumulated during the author slong term stud-
ies on extant land vertebrate distribution of China
that the relic phenomenon could serve as evidence for
paeoenvironment changes; and providing information
for the of East China Qaciation controversy.

The concept of relictnessin thispaper isthat of a
biogeographica relict (Udvardy, 1969) , which oc
cursin iolation from its main center of distribution
induced by climatic change. Two examples, well
known in the biogeographical literature, are the
azure-winged magpie Cyanopica cyana and the three
toed woodpecker Picoides tridactylus, which have

been defined as temperate woodland relict and boreal-
alpine relict regectively , induced by the vicisstudes
of the Peistocene climatic changes wiped out the
gecies from the connecting areas (Voous, 1960,
guoted from Udvardy ,1969) . Their relic areas range
sparately in China and the Iberian Peninsula
(Fig-2) . The following examples of most digtinct
relic patterns, which are characterized by digunctive
distribution at gpecieslevd , would be obvioudy relat-
ing to the quegtion arose in termsof evolution timein
the Quaternary. In order to focus the question con-
cerning to cimatic fluctuation, big game mammals
are not beincluded in thispaper. A list of 87 ecies
with those patterns has been attached (see Ap-
pendix) .

The basc information of the animal distribution
data of this paper have been quoted from following
major contributions: (1) Amphibians and reptiles by
Fei (1999) , Zhao and Adler (1993) , and Vorobev
(1988) ; (2) Birds by Cheng (1987) , Dementev et
al. (1951 - 1954) and Zheng (2002) ; (3) Manr
mals by Zhang et a (1997) , Wang (2003) , Corbet
(1978) , Sokolov and Orlov (1980) , Panteleev et 4.
(1990) and Flint et a. (1965) .

2 Bored-dpine reict

During dimaticaly induced fauna diglace
ments, digunctions frequently developed in the cold
adapting boread-alpine pecies of Holarctica (lllies,
1974) . Smilar distribution patterns are known from
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Fig- 2 Rangesd 1,threetoed woodpecker Picoides tridactylus; 2,azure winged magpie Cyanopica cyana; 3, Ussuri large

white-toothed shrew Crocidura lasiura

China. Southwards shift of the boreal fauna extended
asfar asthe Centra China mountainsisindicated by
number of gecies which have remained relic popula
tion there ater the northwards retreat during the
ocourse of climatic fluctuation in the Quaternary. Ex-
amplesof thisinclude the by following gecies:

(1) Amphibians Sberian sdamander Sala-
mandrella keyselingii : its main range ocoincides a-
most completey with the areaof taigas, and extentsa
bit further to the northeastern part of the Northeast
China at about 45°N. A relic population of the goecies
has been recorded further south, the Tongba-Dabie
mountains at about 32°N in Henan province, Centra
China (Fig. 3) (Wu and Qu, 1984) .

(2) Reptiles Adder Vipera berus: the ecies
isdigtributed mainly in the southwestern part of the
taigaincluding northern part of North East China and
Alta mountains, Xinjiang and further to the decidu
ousforest zone of Central Europe. A few records of
relic population has been known to the south of Qin-
ling mountains at about 33 N in Centra China
(Fig-3) (Song, 1989).

(3) Birds Ura owl Strix uralensis: the main
range of the gecies crosses from northern Europe
through Shberia reaching the coast of the Far East and
including Sakhalin Idand and Jgpanes idands. A rel-
ic population occursin the northern Hengduan moun-
tansat 30 - 34° N in Suthwes China (Fig. 4)
(Cheng, 1987) .

(4) Mammas Root vole Microtus eoconomus :
the main range of the ecies covers most of the taiga
and much of the tundrain the north and extend to the
Central Mongolia and Tianshan mountains in the
uth where it greads as apine taiga and wooded
steppe. A relic population exists in the northeastern
margin of the Tibetan Pateau about 32 - 40° N
(Fig-4). The narrow- skulled vole Microtus gregalis
is distributed continualy in the taiga of Sberia and
gpread duthwards adong the mountain chains of Da
Xinganling and Tianshan in China. The relic popula
tion of the gecies occursin Funiu mountains, about
32 - 35°N in Henan Province.

3 Tropical-subtropical relict

Palasontological studies show that prior to the
first cold period of the Quaternary, a thermophilic
fauna most belonging to groups now occurring in the
Oriental region asociated with tropical-subtropica
forests, was distributed over most of China (Zhou,
1984) . Asdimatic deterioration progressed since the
Peistocene in China, the gecies were forced far
uthwards egecially in the cold stages (Zheng and
Han ,1991; Ji, 1985). In the course, rdict popula
tions may have remained in the north where ref uge
habitats existed , while the main ranges retreated to
the areas reaching lower latitudes in different dis
tance. The following gpecies may be examples:

(1) Amphibians Large odorous frog
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Fig-3 Ranges of 1,Sberian salamander Salamandrella keyselingii ;2 ,adder Vipera berus; and 3,boreal dig-
ging frog Kaloula borealis

Fig.4 Rangesd 1,Ural ow Strix uralensis; and 2,roct vole Microtus eoconomus

(Odorrana livida = Rana livida) maintainsitsrelic River (Fig.5) (Fei ,1999).

population in the southeastern Shaanxi , to the south (2) Reptiles Green pit-viper Trimeresurus
of Qinling at about 34°N , while the northern limit of stej negeri has a relic population recorded in Changbai
its main rangeislaying to the south of the Changjiang Mountain at about 42°N in North East China, where
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Fig.-5 Rangesd 1,large odorousfrog Rana livida; 2,green pit-viper Trimeresurus stejnegeri; and

3, rhesus monkey Macaca mulatta

atemperate zone is Stuated (Zhao , 1979) (Fig.5).
These Oriental ecies are manly distributed in
utheast Ada, with a northern limit goproxi mately
coincided with the northern boundary of the north
subtropical zone. In contrast to the green pit-viper ,
the Banded cora snake Calliophis macclellandi hasa
relic population in the border area at about 33N in
Gansu and Shaanxi ( Zhao and Adler, 1993)
(Fig. 6) , dong the most northern limit of north sub-
tropical zone and, the northern limit of its main range
is bounded by the central subtropica zone.

(3) Mammads South China hare Lepus sinensis
distributed mainly in central subtropical zone of East
China, a relic population record has been known at
about 42°N in Changbai mountain, North East China
(Fig.-6) (Luo, 1988). Probably it belongsto the rel-
ic population of the same geciesin the Korean penin-
sula. Anislated population of rhesus monkey Maca-
ca mulatta occurred at about 41°N in the north of
Beijing, which population was at the northernmost
edge of the gpeciesin Ada. A few individuas of the
population dissppeared due to human impact in the
end of 1980s (Fig.5) (Zhang et a. , 1989). Now,
the main range of this gpeciesin the area of subtropi-
ca zonein Chinais more or less continuous in terms
of geographica distribution on a smal scade map , an
inwolated population laying just north of the Yelow
River at about 35° N in border area of Henan and
Shanxi. The black giant squirrd Ratufa bicolor

could be an example of those gecies, which have re-
treated farther outh. The main range of this Pecies
isin the Indo-China Peninsula, but remainson a mar-
ginof it in southern Yunnan Province and a relic pop-
ulation in Hainan idand (Fig. 6) both belong to the
tropica zone of China.

4 Temperate-humid rdict

Depostion of loess indicating a tendency of
change toward aof dry and cold climate, beganin the
early Pleistocene, but its distribution was limited to
the north of the Qinling mountainsin China. By the
Late Peistocene, it had become much more
widegpread, reaching as far as the middle and lower
reaches of the Changjiang River. The widegpread de-
postion of loess disturbed the previous humid forest
land (Liu and Ding, 1984). The ecies of srict
mephytes, adapted to humid-temperate habitats
disgppeared in the main part of the deteriorated areas
and may have remained relic population scattered in
locally suitable habitats outsde or indde of the arid
land. Examplesof thispattern are given by following
oecies:

(1) Amphibian Bored digging frog Kaloula
borealis is distributed mainly around the eastern part
of north China, a semi-humid area, while a rélict
population occurs in Wenxian of southwestern Gansu
Province (Fig.3) (Fei et d. , 1999) , whereiswith
in the margin of the humid subtropica zone.
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Fig.6 Range of 1,banded coral snake Calliophis macclellandi; 2,South China hare Lepus sinensis; 3,black giant

squirrel Ratuf a bicolor

(2) Reptiles Takydromus amurensisismainly
distributed in the eastern part of North East China,
but a relic population has been recorded in southeast-
ern Gansu Province (Fig-7) (Yao and Chang,
1981) , in alocation near the rdict population of bo-
rea digging frog (see above) .

(3) Birds the Reed parrot hill Paradoxornis
heudei has two separate ranges, one of them in the
north, the centra areaof North East China, the an
other in the south, in Zgiang Province (Fig.7)
(Cheng ,1987) .

(4) Mammas Japanese mole Mogera wogura
is mainly digributed in the Korean Peninsula,
Liaodong peninsula and Jgpanese idands. Two relic
populations occur in lower reaches of Yellow River
and Changjiang River (Fig. 7). Chinese birch mouse
Sicista concolor has five separate relic ranges located
in mountain areas: Skhote Alin-Sungari in the east ,
Nanshan-Qinling, West Tienshan, Hindu Kush and
Caucasusin the west (Fig-7) (Hint et d. , 1965;
Corbet, 1978; Zhang et a., 1997). Ussuri large
whitetoothed shrew Crocidura lasiura has a main
range in Korea PeninsulaUssuri area and eastern
mountainsof North East China, and one relic popula
tion occurs in lowest reaches of Changjiang River ,
(Fig. 2) sparated by vast aric-semihunid land. De
Winton's shrew Soriculus hypsibius is mainly dis
tributed in the mountains stretching along the northr
ern margin of Schuan Basn and a relic population oc-

curs near Beijing (Fig. 7) .

5 Discusson

During the last glaciation of the Quaternary,
simulated by glacia episodes, arctic tundrafaunas e
volved in the northern hemigphere. A few mammas
of srongly tundra gecific, the polar bear Ursus
maritimus, polar fox Alopex lagopus, reindeer
Rangifer tarandus, oollared lemming Dicrostonyx
and narrow-skulled vole Microtus gregalis are repre-
sented. To the southern front of the glacia land, the
region of coniferous forest , the taiga, which though
not quite as extreme climaticaly is gtill characterized
by a diginctly low temperature. The fauna of the
taigaincludesal the tundra animals, but with the ad-
dition of most of more temperate latitudes (lllies,
1974; Marain, 1984) . Among them the wolverine
Gulo gulo and polar hare Lepus timidus stretch alit-
tle outhwards, reaching the northernmost area of
China, asociating with the taiga zone in North East
China and Altai mountains, Xinjiang. The root vole
Microtus oeconomus and narrow- skulled vole Micro-
tus gregalis gpread much further to the south and re-
mained relic populations. The relic range of root vole
occursin the northeastern margin of Tibetan Plateau
where periglacial habitats and apine glaciers ill ex-
ist. The relic range of narrow-skulled vole occursin
much lower elevation where is within the area of
Peistocene glaciation suggested by the scholar Prof .
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Fig-7 Ranges of 1, Takydromus amurensis; 2,De Winton's shrew Soriculus hypsibius; 3, Chinese birch mouse
Sicista concolor; 4,Japanese mole Mogera wogura; and 5,reed parrot bill Paradoxornis heudei

Li. S far known, in Central Europe, these two
geciesof voles survived the individua stadids at the
lower elevations, denoted warmer periods, character-
ized by a digunct occurrence, differing from typicaly
northern tundra species (Povolny , 1966) . No doubt ,
the relics of the two ecies of voles and other taiga
faunal species would be the evidence for the experi-
ence of relatively cold climate of the areasin the past
when the taiga extended southwards, but not neces
sarily under conditionsof glaciation. And, even much
of Sberia, where the taigaoriginated , shows no geo-
logic evidence of glaciation in the Pleistocene (Brown
and Gbon, 1983). Obvioudy, the changes of
uthern limits ranging from the borea relicin China
may indicate the extent of ocold climate during cold
stages of the Pleistocene. The animds of the taiga
could migrate outhwards at least adong oold ridges
with apine coniferous of the mountains in northern
China. The occurrence of the bored - apine relic
secies have reached mainly to the Qinling-Dabie
mountains in the east and to eastern margin of the Ti-
betan Pateau, the Hengduan mountains, in the
west , between 30 - 40°N.

During maximum glaciation , the Tibetan Plateau
was never covered by ice sheets, but under periglacial
environment with different scale of valley-pedi ment
glaciers mainly (Shi and Zheng, 1995) . Palynological
studies show that Snce the Fliocene the genera trend
of environmenta changesof the plateau has beenfrom

warm humid to cold arid climate and the forests have
retreated from the interior to the southeastern margin
in lower elevation. In the course of the wlift of the
plateau, dpine tundra faunas have evolved and
formed a digtinct highland pattern in distribution
(Hsl, 1978; Zhang and Zheng, 1981). Among
mammal s, the black-lipped pike Ochotona curzoniae,
Himalayan marmot Marmota himalayana, Blyth's
vole Pitymys leucurus white -lipped deer Cervus al-
birostris, etc. are ecidized for periglacid apine
meadow habitats. Their fosdls have been known
firgly in suthern Tibet in the srata of early
Holocene (Guo , 1976) . Neither fosdl nor relic popur
lation of them have been known from East China, but
their ranges extend to the eastern margin of the Ti-
betan plateau, around Hengduan mountains, where
glaciation has been confirmed occurring in few high
mountains during the Pleistocene, even now.

Before the middle Pleistocene, the subtropical
zone extended northwards, reaching to the south at
42°N in North East China (Liu, 1984) . Aswmdciated
with the climatic optimum , the northern distribution
limit of the warmrpreferring anima ecies during
that time could be shown by the northernmost locar
tionsof their relics. A few of them occur at latitude of
42°N to the north of the Korea Peninsula, coinciding
with the northern limit of middle Pleistocene subtrop-
ical zone and is close the present northern margin of
warm-temperate zone. During outhwards retreats of
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the subtropica zone in the cold stage snce middle
Pleistocene, numbers of the warmrpreferring species
remained relic population in different places depend-
ingon their ability to adapt to the cold-resstant and
habitat conditionsin the areas retreated. The north-
ern limits of the main ranges of those ecies lie at
different latitudes with various contours coinciding
with suitable optimad environments. Some of them
have withdrawn from the subtropical areasor only re-
mainin the idands of Hainan and Taiwan, even out
of the territory of China. The tropical-subtropica
relics oould indicate that in East China dnce the Mid-
de Pleistocene to the Later Pleistocene, the climatic
conditions have fluctuated from temperate to subtrop-
ica within the limit of coldtolerant of the warm-pre-
ferring relic gecies.

The progressve development of arid climate and
loess depostion as mentioned above resulted in an arid
land of 0 caled’ North West Arid Region” in China,
which includes desert and steppe. To the east, the
region connects the forest- steppe region of the North
China and forms a relatively arid zone crossng north-
ern China. Theformer scale of the zone could beindi-
cated by digtribution of afew representative secies,
such as sand lizards ( Phrynocephalus $p.) in rep-
tiles and zokors ( Myaspalax p.) in mammals,
which range continuoudy over most land of North
China, eastern Inner Mongolia and the east of North
East China; no datain termsof biogeographica relic
have been learned from them. On the contrary, the
remarkable phenomenon of the extant widely disconr
tinuous gaps of the humidtemperate relic ecies
(Fig. 7) oould not be originated by crosdng the barri-
er of Po Hai Seaor vast loessplateau , except the pos
sble migration by chance of the reed parrothill , but
because the population disgppeared in the North Chi-
naplain, and points at a genera tendency of intensve
climatic deterioration of cold and arid with minor
fluctuation snce early Pleistocene during the evolution
of theloessplateau. The same could be true of al the
other two cases of mesphytic gecies. Obvioudy ,
arid condition is one of the most important negative
factorsfor glacier formation.

6 Conclusons

This ducidation suggests that snce the Quater-
nary, the following events could be identified. (1)
Eastern China has become a refugium for survival of
temperate and tropica-subtropical faunas during their
uthwards retreat in the cold stage; (2) a number of
taiga fauna have extended to the middle reaches of
Changjiang River, but no typicdly glacid relic has
been found in the lower lands of East China; (3) a
mong the faunal secies of southwards northwards
extenson asciated with taiga and temperate forests,

the numbers of mesphytic gecialized ecies have
been become discontinuous in distribution by the de-
velopment of the loess arid and smi-arid zone. This
concluson seemly is not in agreement with Prof. Li's
hypothessof East China Qaciation.

Acknowledgements | would like to express my deep-
est gppreciation to Prof. Shi Ya Feng, Prof. Zeng
Zhao- Xuan and three anonymous referees for their
comments.

Ref erences

BrownJH, Gbon AG, 1983. Biogeogrgphy. &. Louis: The C. V.
Mosby Co.

Cheng TH, 1987. A synopssof the Avifauna of China. Bejing: Sci-
ence Press, Hamburg and Berlin: Paul Parey Scientific Publishers.

Corbet (B, 1978. The Mammds of the Paaearctic Region: A Taxo-
nomic Review. London: Cornel Universty Press.

Dementiev GP, Qadkov NA , 1951 - 1954. Birdsof Soviet Union Vol.
1- 6. Mosow : Science Press (In Russan) .

Fe L, 1999. Atlasof Amphibian of China. Zhengzhou: Henan Science
and technicad Press (In Chinese) .

Hint VE, Chygynov UD, Smirin VM, 1965. Mammas of USSR.
Moscow : Meide Press (In Rusdan) .

Guo XD, 1976. Quaternary interglacid period and Pdeocimate in the
Areaof Zhumulangma Pke. In: Scientific Expedition Team, Chi-
nese Academy of Sciencesed. The Scientific Expedition Reports of
the Areaof Zhumulangma Pike (1966 - 1968) : Quaternary Geolo-
gy. Bejing: Science Press : 63- 78 (In Chinese) .

HsliJ, 1978. On the paaobotanicad evidence for continentd drift and
Himaayan uplift. Padaeobotanist 25: 131 - 142.

llliesJ, 1974. Introduction to Zoogeography. London: The Macmillan
PressLtd, 57.

Ji HX, 1985. Mammad distribution and its reflection on climatic changes
in the Quaternary of China. In: Proceedings of Symposum on
Qacid and Periglacid China (1985). Bejing: Science Press,
138 - 142 (In Chinese) .

Kahlke HD , 1961. On the complex of the Stegrodon-Ailuropoda fauna
of Southern China and the chronologica postion of Giantpithecus
blacki V. Koenigswad. Vertebrata PadAdatica 2: 85- 103 (In
Chines) .

Li SG, 1975. Inquiry into Qaciation of China. In: Li SGed. Quater-
nary Qadiation of China. Bejing: Scientific Press, 118 - 124 (In
Chinese) .

Liu DS, Ding ML, 1984. The characterigics and ewvolution of the
Pdaeo environment of China snce the Late Tertiary. In: Whyte
RO ed. The Evolution of the Eag Asan Environment. Vol.
Geology and Palaeoclimatology. Hong Kong: Univerdty of Hong
Kong, 12 - 40.

Luo ZX, 1988. The Chinese Hare. Beijing: China Forestry Publishing
House, 85 (In Chinese) .

Maran A, 1984. Systematic and Regiond Biogeography. New York:
Van Nostrand Eeinhold Company , 212.

Nilson T, 1983. The Pe stocene —Geology and Lifein the Quaternary
Ice Age. Dordrecht , Boston, London: D. Reidd Publishing Co. ,
311.

Panteleev PA , Terexina AN, Varshavskii AA, 1990. Ecogeographica
Change of Rodents. Mosoow : Science Press (In Russan) .

Povolny D, 1966. The Faunaof Centra Europe: ItsOrigin and Evolu-
tion. Systematic Zoology 45: 46 - 53.

Shi YF, Zheng BX, 1995. Timing and height of the Qinghai- Xizang
Plateau uplifting into the cryogphere and its impact on the sur-
rounding areas. In: Formation, Evolution, Environment Changes
and Ecosystem of Qinghai- Xizang Plateau. Beijing: Science Press,
136- 146 (In Chinese) .

Shi YF, Cu ZJ, Li JJ, 1987. Reassessment of Quaternary dlaciation



5 ZHAN G Rong-Zu: Rdict distribution of land vertebrates and Quaternary glaciation 849

problemsin East China. Earth Sciences2: 45- 54. Science Press, 101 - 114.
Sokolov VE, Orlov VN, 1980. Mamma Determination of People s Re- Zhou TR, 1984. Physico-geography- Pdaeogeography (Part ). Bei-
public of Mongolia. Mosoow : Science Press (In Russan) . jing: Science Press, 74 - 133 (In Chinese) .
Song MT, 1989. The Herpetofauna of Shaanxi Province. Acta Her- . 1990.
prtologica Snica 6 (4) : 63- 73 (In Chines) .
Udvardy MDF, 1969. Dynamic Zoogeography. New York, Van Nos » 1976.
trand: Reinhokd Co. , 205. .
Vorobeav ES, 1988. Amphibians and Reptiles of Mongolian People s (1966 - 1968) : ) . . 63- 78.
Republic. Moscow : Science Press (In Russan) .
Wang YX, 2003. A Complete Checklist of Mamma Spedies and Sub- » 1985.
ecies in China. Bdjing: Forestry Publishing House (In Chi-
nese) . - N © 138- 142.
Wu SH, Qu WY, 1984. A Prdiminary study of amphibian fauna of
Henan Province. Journd of Xinxiang Norma College 41: 89 - 93 Kahlke HD, 1961. -
(In Chinese) . . . 2:85-103.
Yao CY, Chang SZ, 1981. Three new recordsof reptilesfrom Gansu. . 1975,
Acta Herpetologica Snica5 (9) : 65- 68 (In Chiness) .
Zhang YZ, Jin SK, Li SH, Ye ZY, Wang FG, ZHang ML , 1997. : : : 118- 124.
Digribution of Mammdian Species in China. Bejing: China # , 1988. . : , 85.
Forestry Publishing House. ’ 1995,

Zhang YZ, Quan GQ, Lin YL , Southwick C, 1989. Extinction of rhe-
sus monkeys Macaca mulatta in Xinglung, North China. Interna
tiond Journa of Primatology 10 (4) : 375- 381. . : : 136 - 146.
Zhang RZ (YZ), 1999. Zoogeogrgphy of China. Beijing: Science . 1989. ) 6
Press (In Chinese) .
Zhang YZ, Zheng CL , 1981. The geographica distribution of mammas (4): 63-73.
and the evolution of mammdian in Qingha-Xizang Pateau. In: , 2003.
Geologicd and Ecologicd Studies of Qinghai- Xizang Pateau. Vol.
. Environment and Ecology of Qinghai- Xizang Plateau. Bejing:
Sgience Press: 1 005 - 1 002. ' » 1984.
Zhang RZ (YZ) , 2002. Geologicd events and mammadian distribution 41: 89- 93.
in China. Acta Zool. Sn. 48 (2) : 141 - 153. ’ . 1981.
Zhao EM, Ader K, 1993. Herpetology of China. Oxford, Ohio:
Society for the Study of Amphibians and Reptiles. 5 (9 :65-68.
Zheo EM , Yan ZK, 1979. Newly found green pit-viper in Changba , 1999.
Shan, Jilin, and discusson on its geographicd distribution. Acta ’ 1979,
Herpetologica Snical: 1- 3 (In Chiness) .
Zheng GM , 2002. A checkligt on the Classfication and Distributuion of : 1:1-3.
the Birds of the World. Beijing: Science Press. , 1984. R ( ).
Zheng SH, Han DF, 1991. Quaternary mammas of China. In: Liu
TSed. Quaternary Geology and Environment in China. Bejing:



850 50

W x>

o> w

A

Appendix : Biogeographical relic list of extant land vertebrates in China

Boreal-alpine reict

: Sberian sdlamamder Salamamdrella keyserlingii (To).
: adder Vipera berus (Qs).
: Chinese grouse Bonasia bonasia (H) , boreal owl Aegolius funereus (T) , long-earedowl Asiootus (T) , U-

ral owl Strix uralensis (T) , three-toed woodpecker Picoides tridactylus (H) , white-backed woodpecker
Picoi des leucotes (H, Fuj, It) , Sberian rubythroat L uscinia calliope (H) , dusky warbler Phyllcscopus
fuscatus (H) , Palass legf warler Phylloscopus proregulus (H) , yelow-browed warler Phylloscopus
proregulus (H) , red crossbill Loxia curvirostra (H) , common rosfinch Carpodacus erythrinus (H) |,
Chinese nuthatch Sitta vilesa (T, wt) .

: northern hedgehog Erianceus europaeus (subt. , Eu) , east Sberian shrew Sorex minutissimus (H) ,
pygmy shrew Sorex minutus (H) , Laxmann s shrew Sorex caecutiens (T) , common shrew Sorex araneus
(H, subt.) , northern pika Ochotona al pina (wt) , Sberianflying squirrel Pteromys volans (To) , Eurasan
red squirrel Sciurus vulgaris (To) , northern red-backed vole Cletheionomys rutilus (wt) , narrow-skulled
vole Microtus gregalis (To) , root vole Microtus oeconomus (T) , common vole Microtus arvalis (T).

Tropical-subtropical relict (most in the northern margin of the subtropica zone)

: black knobby newt Tylototriton asperrimus (To) , bonyheaded toad Bufo galeatus (Ih) , South Chinatree

toad Hyla simplex (2) , large odorousfrog (Q) red-webbed treefrog Rhacophorus rhodopus (D) , beautif ul
pygmy frog Microhyla pulchra (W).

. Trionys steindachneri (N. subt.) , Sacalia bealei (C. , subt.) , banded cora snake Calliophis maccell andi

(W) , Achalinus rufescens (Qs) , Trachischium tenuiceps (Qs) , red-necked keedback Rhabdophis sub-
miniata (wt) , green pit viper Trimeresurus stejnegeri (t) , Pareas monticola (Fj. subt.)

: black-browed barbet Megalaima oorti (D. , Ih-t) , bluerumped pitta Pitta soror (D, lh) , maroon oriole

Oriolus traillii (lh, It) , black drongo Dicrurus macrocercus (H, Ih, It) , bronzed drongo Dicrurus
aeneus (H, Ih, It) , greater racket-tailed drongo Dicrurus paradiseus (Ih) , short-tailed green magpie Cis-
sa thalassina (D, subt. , Ih) , oot-necked babbler Stachyris striolata (1h) , yellow-browed tit Sylviparus
modestus (H, F, Gus , sultan tit Melanochlora sultanea (H, Gus, F, Ih).

: common European white-toothed shrew Crocidura russula, Hodgson s brown-toothed shrew Soricul us cau-
datus (H, Qs, It) , Horsidd s shrew Crocidura horsfieldi (Qs, H, lh. t) , Indian flying fox Pteropus
giganteus (Qs. T) , greater false vampire Megaderma lyra (n. subt) , little Jgpanese horseshoe bat Rhi-
nolophus cornutus (wt) , Schreiber's long-fingered bat Miniopterus schreibersi (wt) , wrinklelipped bat
Tadarida plicatta (wt) , hairy-winged bat Harpiocephalus harpia (H. It) , Chinese hare Lepus sinensis
(t.) , rhesus macaque Macaca mulatto (wt, h) , black gibbon Hylobates concolor (1h) , hairy-footed flying
squirrel Belomys pearsoni (To) , red giant flying squirrel Petaurista petaurista (W, Qs, It) , redand
white flying squirrel Petaurista alborufus (H, W, Qs, It) , Himadayan striped squirrel Tamiops macclel -
landi (To) , black giant squirrel Ratufa bicolor (1h) , Chinese bamboo rat Rhizomys sinensis (Qn) Chinese
porcupine Hystrix hodgsoni (wt) , pAdm mouse Vandeleuria oleracea (H) , pencil- tailed tree mouse Chi-
ropodomys gliroides (D, Ih) , black rat Rattus rattus (wt).

Temperate-humid relict (relic population occurring in monsoon regions separated by loessarid area. )

: oriental bell taod bombina orientalis, bored digging frog Kaloula borealis (W) .
. Takydromus amurensis (t. W) , Takydromus wolteri (subt. , t.) Takydromus septentrionalis (Subt. ,

t.).

: reed parrothill Paradoxornis heudei (subt. ,t.).

: Natterer' s bat Myotis natterei (t. , ct. , Eu.) , water bat Myotis daubentoni (t. ,ct. ,Eu.) , longfingered
bat Myotis capaccinii (subt. , t,. Eu.) , particolored bat Vespertilio murinus (t., ct. , Eu.) , Chinese
water deer Hydropotes inermis (subt. , t.) Chinese birch mice Sicista concolor (H, Tianshan,t.) , Ussuri
large white-toothed shrew Crocidura lasiura, De Wi nton s shrew Soricul us hysi bi us.

amphibian. R: reptile. B: birds. M: mammals.

Relic areas. ct: Cold temperate zone. D: Dayaoshan, Guangs. Eu. Europe. F: Fujian. Gus: Guangxi. H:
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Hengduan mountains. |h: Hainan Is. It : Taiwan Is. Q: Qinling mountains (Qs: outhernflank; Qn: north-
ernflank) . subt. : Subtropical zone. t: Temperate zone. T: Tibetan plateau. To: Tongbai-Dabie mountans,

Henan. tr: Tropic zone. W: Wenxian, Gansu (to the west of Qinling mountaing) . wt : Warm temperate zone.

Z: Zheijiang.



