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Abstract

| utilized the resultsof research on the distributionpatternsof mammalian geciesin China, incorporating these

information as biologica evidencesin the sudy of paleo-environmental change. | used a method of quantitative mgpping

for theandyss. The examples discussed in thisartideillustrate how geologica events and resulting environmenta patterns

and other changes have afected animal distributions.
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1 Introduction

For biogeographic studies, seeking patterns is
the mogt badc task, followed by seeking to explain
those patterns. The
objective of this study is to shed light on a smple

what processes produced

relationship; anima distributions are the result of
adaptation to proceses of geologicd and pdeo
environmental change. The common characteristic of
modern biogeographic distributions is that they are
the evolutionary product of adgptation to an ever
changing environment.

1.1 Geological events and their
consequences in China

geographical

Snce the beginning of the Tertiary Period, and
the disgppearance of the Tethys Sea resulting from
joining of the Euradan plate and the Indian plate,
there have been tremendous changes in the geologica
structure  and  geographical  environments  of
continental China. The thrusting of the Indian plate
underneath the Eurasan plate, and the impactsof the
Himalayan tectonic movements snce the Miocene
epoch have been dominant forcesin shaping the latest
stage of Chinese physca environment (Liu et al. ,
1984). The uplift of the lofty Tibetan (Qinghai-
Xizang) Plateau has been the mgor cause of the
formation of the modern monsoon systemin East Ada
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(Tang, 1995) . Consequently, following three great
natura divisons of continental China have been
established (Plate ).

1) Eastern Monsoon China It is generaly
dominated by monsoon humid climate and forest
vegetation. A seriesof west to east trending mountain
ranges—the Yinshan Mts. , the Qinling Mts. , and
the Nanling Mts. —serve as barriers between the
great climatic zonesof temperate (Northeast China) ,
warm temperate (North China) , subtropical (Centra
and Northern Suth China) and tropica (Southern
Suth China) .
Qinling Mts.-Hua River line, which has formed an
important physcal geographical divison between

The most disinct barrier is the

north and outh in eastern China dnce the Pleistocene
(Zhou, 1984).
climatic fluctuations, shifting of climatic zones was
manifested latitudinally in this realm. With minor
exceptions, the great tendency in this shifting wasfor
the tropicd , humid
outhwards snce the Early Pegocene from the

In conformity with world-wide

rainforest zone to regress
Changjiang river area to the sosuthernmost border in
the Late Peistocene, and then move dightly
northwardsin the present time (Liu et al., 1984).
The oold temperate climatic zone, part of the
taga of the Shberia,

to Northeat China in

periglacial has expanded

uthward the Early
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Peistocene, and then retreated back to the
northernmost section of that area dnce the Midde
Pleistocene. Obvioudy, this reAm has not been
covered by ocontinental ice sheet and served as a
refugium —* Pantu Ground” (Kahlke, 1961) .

The Loess Plateau in the middlie reaches of the
Yellow River indicates an expanson of dry-cold
with the loess dust surce being the
Northwestern Arid China area, snce the Early
(Li, 1998).
northeastern China and southeastern China areas the

climate,

Peistocene Interposed  between
Loess Fateau area is climaticdly semiarid , while the
loess depost plain of the north China plain is semi-
humid in the present time.

2) Northwestern Arid China  The s-cdled
Dry pole of Ada, named by the German geographer
Troll, is located in southern Xinjiang (Li, 1998).
Ared differentiation within this realm is related
mainly to decreas ng moisture conditions from east to
west as shown in the vegetation sequence of semi-
arid/ steppe, arid/ steppe-desert and extremely arid/
Snce the Late Cretaceous and the early
Tertiary , a generd trend of desccation in northwest
China has occurred , accelerated by the rain-shadow
created by the uplift of Tibetan plateau snce the
Early Pleistocene (Shi et al. , 1995) .

3) Tibetan Frigid Plateau This, the highest
plateau in the world with apine dimate and
vegetation, is characterized mainly by cold steppe and

desert.

cold desert in the inner part, while in the
utheastern margin of the plateau, the Himalayan-
Hengduan mountain system, is digtinguished by
vertica natural zones from tropical or subtropica
forests in deep river gorges to apine tundra. The
plateau was almost norrexistent during the Piocene.
Snce the middle Quaternary , and up to the present ,
it had reached from an average devation of 3 000 m
to more than 4 000 m above sealevel. The continued
uplift of the plateau has intendfied the dpine climate
itsef , and increased the forces of aridity in the inner
part of the plateau. The vedgiges of Peistocene
glaciations are regtricted to ome valey glaciers,
piedmont glaciers and, in part, to ome smal ice

sheets, but there has never been a great ice sheet

(Shi, 1991). In the course of wlift and climatic
fluctuation, the forest has in generd retreated from
the interior of the plateau to the southeastern lower
landscape of the
utheastern margin has undergone vertica shifting
(Zhang e al., 1981). dimaticdly, the
utheastern flank of the Himalayan and Hengduan is
attributed to ream.
topographicaly, the Himaayas are insgparable from
the Tibetan Plateau.
1.2 Didribution patterns of land vertebrates in
China

Based on invegtigation and study of entire gpecies
ranges, the most obvious patterns in the distribution
of existing land vertebratesin China, goart from parr
tropic and parrborea patterns, is a tendency of
geographical diverdfication (Zhang, 1999). There
are nine main patterns occurring, showing a great
extent of congruence with geographica regiondization
of Chinaat different scales, and which can be divided
into two magor categories: (1) four great zond
patterns: Bored , Centrd Adan, Orienta , and Old
world Tropical; and (2) five regiond patterns:
Highland, Himalayan-Hengduan, Southern China,
Northeat China and Continental Idand. Each
pattern is based on occurrence of characteristic or
endemic gecies, but some ecies range further
outdde of
depending on barrier efects of physca environment
or digersal abilities of ecies in the continent.
Thus, atrandtion zone must be built up between two
adjacent patterns. Furthermore, based on faund
dominance as a whole, they belong to ether
Palagarctic and Indomalayan (Orienta) redms, the
concept of which has been recognized by
biogeographers since the time of Wallace (Darlington,
1957) . The relationship of the nine patterns can be
shownin Fig. 1. Although there remain insufficient
data for a few rare ecies which are treated as
exceptions, it provides badc facts as generaization for

margin, while the origind

the monsoon However ,

the man pheres of the patterns,

one of the garting points in further study. A more
detailed pattern clasdfication with subdividons has
been givenin a monograph ;' Zoogeography of China’
(Zhang, 1999) .
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Fig.1 The distribution patternsand their relationship
o land vertebrates of China

Pdaeartic Redm. N: Bored E: Northeas C: Centrd Asan

P: Highland Indomdayan Ream.

Southern China O: Orientd T: Old World Tropic, idand pattern

omitted

H: Hengduanr Hmdayan S:

2 Methodology

2.1 Ceological events

The geologica events described above have
already been brought to light by geologicad and
paeogeographica researches and have been accepted
as part of geoscience theory. This dtuation alows us
to have enough faith in the resultsof basc research on
geologicd and paeo-geographica events to discuss
distribution of plants and animas, and to avoid the
danger of having biogeographers and paleogeographers
recirculate the same information in new hypotheses.
The above statement is in accord with Andd’ s
(1979)
tectonic theory and biogeography, supported by
Briggs' s (1987: ) datement that,“ If these
enthugagtic remarks were indeed true, the task of
biogeographic ressarch would be greatly smplified !”
Additionaly, dated fosdl records of locations could
been reviewed to indicate the genera tendencies of
historical migrations. This article utilizes the results
of geologica research in China, incorporating this
infformation as geological evidence in the study of

ideas on the reationship between plate

mammal distribution.
2.2 Zonelandscape system

* Kysekin, A. P.

Snce 1949, a series of physcal regiondization
works on both national and loca scales has been
conducted. S far , the most comprehensve study was
completed in 1958 and revised recently by the
Working Committee of Physca Regiondization of
China, Chinese Academy of Sciences (Nationa Atlas
Compilatory Committee 1999). According to this
Committee, the three great natura divisons with
digtinct geologicd histories repectively , as described
above, has been defined. Subsequently, 12 naturd
zones and 90 natura regions have been identified.
Natura zones have relatively uniform temperature and
moisture conditions as well as amilar zona il and
vegetation. A natura region has not only uniform
zond features (climatic, biological , and il) , but
ado farly uniform azonad characteristics (geologica
and topographica) . It isequa to* landscape” defined
by Russan geographers ( Kysekin™, 1960). A
naturad unit of region or landscape reflects more fully
the tota physco-geographic environment , in which
habitats repeatedly.
Obvioudy, it may be to a great extent a reflection of

varied animal occurred
natura environmenta characteristics rather than a
political boundary such as provincial divisons. Usng
the zonal-landscape system for zoogeographica study
has been suggested firs¢ by Rusdan zoologists
(Kysekin ") and its methodology has been introduced
with a concrete goproach for gpplication in China
(Chang et al., 1964; Zhang, 1995). The
digtribution data have been inputted into the natura
region or landscape system for analyss.

3 Results

The nine man patterns (Fig. 1) indicate a
sgnificant degree of gatia overlgoping of goecies
digtribution over the vast territory, and showing
highly nonrrandom patterns. The three oatial
phenomena that shagpe digpersd patterns, (1)
efective barriers; (2) partial barriersthat lead to the
formation of transition zones, and (3) corridors,
which have a filtering efect , are exemplified (Plate

) to illustrate how geologica events and resulting

1960 Zoogeography of Soviet Union. Study Review Vol. 109. Moscow Pedagogicd Inditute (in Russan) : 3 182.
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Fig.2 Transition ratio of Palaeartic and Indomalayan
mammal faunas in Eastern China

Number in right upper corner: Percentage of Pdagarctic mamma
fauna againg the totd of the both in the landscape. Number in left
lower corner : Percentage of Indomaayan mammad fauna agang the
totd of the both in the landscape

Marked by mesh: the area of landscgpes most dominated by the
faunas (Pdaearcticto north; Indomaayan-to south)

environmental divisons and other changes afect

the fosdl data

highlight the impact of paeo-geographica processes

on the exigting distribution.

3.1 Geographical

distribution patterns
The nine types of the patterns of geographica

animal distributions. Moreover ,

congruence  of mammal

congruence can be lis with character ecies as
follows.

1) Bored Cold temperate climate zone of taiga
evolved g nce post- maximum glacia age, shifting with
the Late
Eurasan water

mainly suthwards migration dnce
Peigocene. Characteristic gecies:
shrew ( Neomys fodiens) , wolverine ( Gulo gulo) ,
moose ( Alces alees), Sberian flying squirre
( Pteromys volans) , Euradan red squirrel ( Sciurus
Ikonnikov’ s mouse-eared bat ( Myopus
northern red-backed vole (Clethrio
nomys rutilus) , arctic hare (Lepus timidus) , etc.
2) Northeast Temperate climate zone of
forestland or forest-steppe developed from periglacia

land in the north and loess land in the south snce the

vulgaris) ,

ikonnikovi ) ,

Late Pleistocene. Characteristic gecies: giant shrew

( Sorex mirabilis), lesser weassd ( Mustela

amurensis ) , longtailed sudik

undulatus) , striped hamster ( Cricetulus baraben-

( Spermophilus
sis) , Maximowiczi’s vole ( Microtus maximo
wiczii) , Manchurian hare ( Lepus manschuricus) ,
etc.

3) Centrd Adan Arid cdimate zone developed
snce the Late Tertiary , and in a genera tendency of
desccation dnce the Hesocene.
long-eared hedgehog ( Hemiechinus

Chinee desert cat ( Felis bieti ),
Mongolian gazelle ( Procapra gutturcsa) , ground
squirrels ( Spermophilus spp.) , dwarf hamsters
jerboas,

Characterigtic
species:
auritus) ,

( Cricetulus spp.), many species of
Dipodidae and gerbils, Gerhillinae, etc.

4) Highland Tibetan Plateau and its adjacent
highland, apine and periglacial climate developed
Characteristic gecies:

snow leopard ( Panthera uncia) , whitellipped deer

snce the M. Peistocene.
( Cervus albirostris) , yak ( Bos grunniens) ,
Tibetan antelope ( Pantholops hodgsoni) , Himaayan
marmot ( Marmorta himalayana) , pine voles
( Pitymys spp.) , pikas ( Ochotona spp.) , woolly
hare (Lepus cicstolus) , €etc.

5) Suth China Subtropic-tropical forestland,
refuge of animads adgpting to warm climate during
outhwards shifting of climatic zones from the north
Characteristic gecies:

grey shrew ( Crocidura attenuata) , lesser horseshoe

dnce the Mid Peistocene.

bat ( Rhinolophus blythi) , outhwestern mouse-eared
bat ( Myotis altarium) , great everning bat (laio) ,
Tibetan stump-tailed macaque ( Macaca thibetana) ,
Chinese ferret-badger ( Melogale moschata) , muntjae
(Muntiacus reevesi) , hairy-footed squirrel ( Belomys
pearsoni) , etc.

6) HimalayanHengduan Subtropical mountain
environment , natural zones shifting verticaly snce
the Pleistocene, but retaining environmenta diversty
of tropics and subtropics in low devation. Character
secies: Szechuan water-shrew  ( Chimarrogale
styani) , Yunnan snub-nosed monkey ( Rhinopithecus
beiti) , lesser panda ( Ailurus fulgens), takin
(Budorcas taxicolor) , flying squirrels ( Petaurista
spp.) orange bellied Himalayan squirre ( Dremomys
loktiah) , jumping mouse

Srechuan ( Eozapus
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setchuanus) , pikas ( Ochotona spp.) etc.
7) Orienta
Putheast Ada, has remained climatic stable in core

Tropica climate zone of the

area dnce the Tertiary, fluctuation in northernmost
part with generdly southwards migration during the
Peistocene. Characterigtic pecies: Hordield' s shrew

( Crocidura horsfieldi ), white-tail mole
( Parascaptor leucurus) , Many secies of flying
squirrels,  Pteropodidae and  horeshoe  bats,
Rhinolophidae, al <gecies of trident bats,

Hipposideridae , Dormer’ s bat ( Scotozous dormeri) ,
Taiwan tubed-nosed bat ( Kerivoula picta) , most
geciesof Primates, hog-badger ( Arctonyx collaris) ,
ydlowthroated marten ( Martes flavigula) , al
gecies of viverrid, Viverridae, Agatic golden cat
( Felis temmincki ) , Indian muntjac ( Muntiacus

muntjak ) , mainland  serow ( Capricornis
sumatraensis) , flying squirrd ( Petaurista p.) ,
orienta tree sguirrels ( Callosciurus spp.) , bamboo
rats ( Rhizomys spp.) old-world rats ( Rattus spp. ) ,
etc.

8) Old-world tropic

of thelow latitudinad areaof the Old-world, remai ned

Tropic subtropica climate

climatic stable dnce the Tertiary. Characterigtic
greater horseshoe bat
European

species: ( Rhinolophus
ferrumequinum ) , free-talled  bat
( Tadarida teniotis) , Schreiber’ s long-fingered bat
( Miniopterus schreibersi ) , leopard ( Panthera
pardus) , etc.

9) Idand Hainan and Taiwan, connected with
continent more than twice during the Pleistocene due
to sea level changes. Characteristic ecies: Hainan
moonrat ( Neohylomys hainanensis) , Hainan flying
squirred  ( Petaurista hainana) , etc. ( Hainan) ;
Taiwan long-tailed shrew ( Soricul us sodalis) , mono-
horned houseshoe bat ( Rhinolophus monocercs) ,
Taiwan macague ( Macaca cyclopis) , Taiwan flying
squirrel ( Petaurista pectoralis) , etc. (Tawan).

3.2 Remarkable barriers

3.2.1 Tibetan Pateau Alpine environment
beyond treeline is a forbidden land for amog al
secies adapted to lowland temperate or tropic
climate.

3.2.2 Great Himdayan Mountain Sysem  All
Pecies asociated with of the three patterns (South
China, Oriental and Old World Tropic) are restricted
to its outhern flank , reaching their upper limits at
different elevations; 0 far known from Chinese
territory are such ecies as Assam macque ( M acaca
-2500m (ZzZheng et al., 1981) ,
langur ( Presbytisentellus) - 2 800 m, yellow-throat
- 3000 m, Perny’ s
long-nosed squirrel ( Dremomys pernyi) - 3 100 m.
etc. (Ying et al., 1993). The uppermost limit of
Orienta geciesis coincident with the tree-line of the
subapine fores (4 000 4500 m). On the other
hand, ome of the highland elements reach their
lowest limits in apine scrubs, such as, blue sheep

assamensis)

marten ( Martes flavigula)

( Pseudoais nayaur) , wooly hare (Lepus oicstolus) ,
and Himalayan marmot ( Marmota himalayana) ,
etc. A few ecies, such as apine musk deer ( Mosch
sifanicus) , Tibetan hamster ( Cricetul us kamensis) ,
etc. , reach farther down to the lower limit of
subalpine fores (3200 m) (Feng et al., 1986).
Thus, a narrow vertical trangtion zone aong the
uth flank is created.

3.2.3
with the northernmost limit of subtropic deciduous
broad

Qinling Mts.-Hua River line, ooinciding
leaved forest Many gecies of the
Indomalayan Realm reach their northernmost range
limits on the uthern flank below an eevation of
about 3 200 m, such as great striped shrew ( Sorex
cylindricauda) , short-tail moupin shrew (Blarinella
( Crocidura

quadraticauda ) , gray shrew

attenuata ) , Szechuan burrowing shrew
( Anourcsorex squamipes) , intermediate horseshoe
bat ( Rhinolophus affinis) , snub-nossd monkey

( Rhinopithecus roxellanae) , lesser panda (Ailurus

Wu,J. Y., M. M. Shao, Y. L. Zhengand S. Y. Song 1978 Mammd Faund Study of Qinling Mts.. Unpublished Pgper (in Chinese) .

[ ) , , 1978

Zheng, Z. X.,Z. J. Feng, R. Z. (Y. Z.) Zhangand S. Q. Hu

-]
1981 On the land-vertebrate fauna of Qingha- Xizang plateau with

cond derations concerning its history of tranformation. Memoirsof Beijing Naturd History Museum. No. 9. Bedjing. (in Chines) .

1981

(9)
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fulgens) , Chinese ferret badger ( Melogale thibetana) , yelow-throated marten ( Martes
moschata ) , smal Indian civet ( Viverricula flavigula) , bog-badger ( Arctonyx collaris) , smal

indica) , clouded leopard ( Neofelis nebulosa) ,
Chinese muntjac ( Muntiacus reevesi) , red and white
fly squirrd ( Petaurista alborufus) , Perny’ s long
nosed squirrel ( Dremomys pernyi) , Chinese pygmy
s field
mouse ( Apodemus chevrieri ), Himaayan rat
(Rattus nitidus) , Edward’ srat ( R. edwardsi) ,
etc. (Wu et al., 1978; Zhang et al. , 1997).

3.2.4 Eadern limit of aridinland/ northwest limit
of monson area, adong the margins of the Tibetan
Pateau in the south and the loess plateau and Inner
Mongolian plateau in the north, is a more or less
diginct divison between arid adapted elements of the
Paaearctic and humid adepted elements of the
Indomaayan realm (Zhang et al., 1997). Arid
adapted eements: beech marten ( Martes foina) ,
Palas
gutturcsa) , Daurian pika ( Ochotona daurica) ,

dormouse ( Typhlomys cinereus) , Chevrier’

s cat ( Felis manul) , zeren ( Procapra

clawed jird ( Meriones unguiculatus) , etc.

Humid adepted elements:
shrew ( Chimarrogale himalayiaca) , great horseshoe
bat ( Rhinolophus Jgpanese
pipistrelle ( Pipistrellus abranus) , rhesus ( Macaca
mulatta) , leopard cat ( Felis bengalensis) , etc.
(Zhang et al. , 1997) .

3.3 Corridor or gap

3.3.1 The Hengduan mountain system provides
eoologicdly diverse habitats in three dimendsons and
exhibits a topographicaly outh-north trend, serving
as afavorable digersa area forgecies of the adjacent
patterns (Zhang et al. , 1997).

South China:
sinensis) , Szechuan burrowing shrew ( Anourcsorex
squamipes ) , ydlow-bdlied weasdl ( Mustela
kathiah) , forest musk deer ( Moschus berezovskii) ,
Perny’ s long-nosed squirrel ( Dremomys pernyi) ,
Chinese field mouse ( Apodemus draco) , etc.

Oriental: house shrew ( Suncus murinus) ,

Himalayan water-

ferrumequinum ) ,

Chinese shrew ( Neotetracus

white'taled mole ( Parascaptor leucurus ) ,
Himalayan leaf-nosed bat ( Hipposideras armiger) ,
rhesus ( Macaca mulatta) , Assam macaque ( M.

assamensis) , Tibetan stump-tailed macaque ( M.

Indian civet ( Viverricula indica) , masked pam
civet ( Paguma larvata) , clouded leopard ( Neofelis
nebulosa) , sambar ( Cervus unicolor) , mainland
serow ( Capricornis sumatraensis) , Palas s squirrel
( Callosciurus erythraeus) , Chinese bamboo rat
( Rhizomys si nensis) , etc.

Bored : large whitetoothed shrew
( Crocidura beech marten ( Martes
foina) , mountain weasd ( Mustela altaica) , Lynx
(Felis lynx) , red deer ( Cervus elaphus) , roe deer
Sberian fly sguirrd
( Pteromys volans) , Sberian chipmunk ( Eutamias

U ssuri

lasiura) ,

( Capreolus capreolus) ,
sibiricus) , root rat ( Microtus ceconomus) , etc.

Highland: Tibetan fox ( Vulpes ferrilata) ,
Tibetan bear ( Ursus pruincsus) , snow leopard
( Panthera uncia) , apime musk deer ( Maschus
sifanicus) , Tibetan gazelle ( Procapra picticau-
data) , blue shegp ( Pseudois nayaur) , woolly hare
(Lepus oicstolus) , Himaayan marnot ( Marmota
himalayana) , etc.

Central Ada: Chinese deser cat ( Felis bieti) ,
Pallas scat ( Felis manul) .

Many families their highest ecies
dendties in the Hengduan range, including shrew

reach

( Soricidae) , mustdid ( Mustelidae ) , viverrid
(Viverridae) , cats (Felidae) , deer (Cervidae) , bovid
(Bovidee ) , siiurid ( Sciuridae) and pikas

(Ochotonidae) (Zhang, 1999) .
3.3.2 Loess Pateau serves as a digersal corridor
for eastwards expandon of a few gecies of Centrad
arid pattern to the north China plain, where they
encounter a sesmi-humid climate, while ome strictly
humid adapted gecies disgppeared there, forming a
gap, and digunct distributions (Zhang et al.,
1997) .

Eastward digersad: Daurian ground squirrel
(' Spermophilus dauricus) , mid-day gerbil ( Meriones
meridianus) , common Chinese zokor ( Myospalax
fontanieri) , lesser long-tailed hamster ( Cricetul us
longicaudatus) .

Gep in distribution:
( Sorex isodon) , Laxmann’ sshrew (S. caecutiens) ,

Eurasan common shrew
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lesser shrew (S. minutus) , De Winton' s shrew
(' Soriculus hypsibius) , Jgpanese mole ( Mogera
European freetailed bat ( Tadarida
teniotis) , Fukien mouse-eared bat ( Myotis frater) ,
water bat ( M. daubentoni) , David' s mouse-eared
bat (M. davidi) , Savi's pipisrelle ( Pipistrellus
savii) , Schreibers s long-fingered bat ( Miniopterus
schreibersi) , otter ( Lutra lutra) ,
squirrd ( Sciurus
(Micromys minutus) , etc.

3.4 Broad Transition

In Eastern Monsoon China, thereisalarge- scae
trangtion between two mgor fauna redms, the
Paaearctic and the Indomaayan, reflected by
progressve subtraction of fauna elements in opposte
directions There are 99 gecies of Paaearctic and
303 secies of Indomaayan involved in the study.
The extent of the trandtion is indicated by
percentages of each fauna against the tota of the both
in each landscgpe unit throughout the region (Fig. 2,
compare to Plate ).

Palaearctic: The highest proportion (100 %) is
Xinganling Mts. , the
northernmost region of the Northeast China, the cold
temperate zone. The proportionsis higher than 90 %
in the res of the Northeast China, the temperate
56 % to the north of the
Qinling Mts. and northern area of the Hua river.
Farther to the south in the subtropic zone, including
Taiwan, the proportion decreases to 499% 20 %,
and less than 10 % in the southernmost region of the
continent and on Hainan Idand.

Indomalayan: Except for the idands of the
South China Sea, where there are only few gecies of
rats ( Rattus) introduced by human
trangportation, the highest degree of 90% 93 % is
occurring adong the southern margin of the continent ,
the tropical climatic zone. In the mountair-hill areas
of the sutropic zone, it remains 85% 61 % with
graduate subtraction from the south to the Qinling

wogura) ,

Eurasan red

vulgaris) , harvest mouse

oconcentrated in  the

zone, and remains at 74 %

oldworld

Mts. Northward over the Qinling Mts. and reaching
to the southeastern part of Northeast China, thereis
a rapid subtraction from 44% to 2%. No
Indomalayan gpecies occur in the oold temperate

(taiga) zone.

Therefore, the broad trandtion may be marked
approximately between the <outhern Ilimit of
temperate zone in the north (about 42° N) and
northern limit of the subtropic zone (about 28° N
24° N) in the south of eastern China (Plate ).

3.5 Fossil records in eastern part of China

The study of Quaternary mammals of China has

been mainly oconcentrated in the eastern part of
China. Based on the data available (Huang, 1986,
1979; Kahlke, 1961; Zheng et al., 1991; Zhang,
1984; Xu, 1992) , a few genera and Pecies have
been sdected to give a very genera picture of
migration tendencies ooincided with climatic zone
shifting during the Quaternary.
3.5.1 Orienta or Old World Tropic dements:
hyaenas ( Hyaena, Crocuta) , tapirs ( Tapirus) ,
hog-deer ( Axis) etc. ranged widdly in eastern China
and retreated uthward out of continenta China
totally or most © snce the Late Pleistocene or the
Holocene.

Mole shrews ( Anourcsorex) , muntjac ( Muntia
cus) , bamboo rats ( Rhizomys) , crested porcupines
(Hystrix) , civets ( Viverra) , etc. which extended
northward to southern part of Northeast China, have
retreated southward to the south of the Qinling- Huai
River line, following the suthward shift of the
subtropical and tropic zones dnce the Middle or the
Late Pleistocene (Ma et al. , 1992) .

Sambar ( Cervus unicolor) , muntjac (Muntia
cus muntjak) , etc. reached the southern flank of the
Qinling Mts. and lower reaches of the Hua River,
and gibbons ( Hylobates) reached the area of middle
reaches of the Changjiang River, in the Pleistocene,
but have retreated to existing middle subtropica or
outhern subtropica zones of Suth China snce the
Holocene (Huang, 1991a, b).

Musked pam civet
macaques ( M acaca) , etc. had reached North China,
in the northern limit of the subtropic zone during the
Early-or Middle Pleistocene (Teilhard, 1940; Zhang,
1981) .
almost no change compared with those of the present
northern limit of the warm-temperate zone , despite of

( Paguma larvata) ,

The northern limits have remained with
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the recent extirpation of rhesus ( Macaca mulatta)
svera decades ago near Beijing, caused by human
activities (Zhang et al. , 1989) .
3.5.2 Bored (Holarctic) elements: Eurasan water
shrews ( Neomys) , moose ( Alces) ,
( Gulo) , beavers ( Caster) , water voles (Arvicola) ,
etc. extended southward to differing degrees during
the Peistocene, the southernmost limit among them
reaching to the exising subtropical zone, but have
retreated dnce the Late Pesocene, back to the
existing cold temperate (taiga) zone of northernmost
Northeast China (Xu et al. , 1987; Zhou, 1963)
Stoat ( Mustela erminea) , arctic hare ( Lepus
timidus) , characteristic species with circumborea in
digtributions of the cold temperate zone, ranged
uthward to Northeast China as well.
known , their Pleistocene fosslsoccur only in Europe,
Sberia, Japan and North America ( Kurtén, 1968,
1980; Yoshinari , 1982) .
3.5.3 Humid adapted species: red-toothed shrews
( Sorex) , Chinese water deer ( Hydropotes i nermis) ,
otter (Lutra lutra) are presently absent in North
China and adjacent
femihumid areas exist.

wolverines

S far as

areas, where smi-arid or
Their fosdl have been
recorded there during the Later Tertiary and (or) the
Quaternary.

4 Discusson

Since the concept given by Wallace (1876) , the
Himalayan mountain system has been recognized as an
important topographic and climatic barrier in
zoogeography. There is a narrow trandtion zone
mainly aong its southern flank, pointed out by
Hoff mann (2001). A few examples there for the
trangtion zone have been given above. Through
time, with the uplifting of the Tibetan plateau and
the ever-increasng barrier efects of the Himadayan
ction and the plateau as well , Centra Adan aridity
gradudly increased, and a distribution pattern
developed where, dnce the Early Peistocene,
mammal s were increasngly adapted to aridity.

In conjunction with the formation of the Tibetan
plateau, the Hengduan mountain sysem arose, a
range oriented perpendicular to the Himaayas. This

topographic characteristic made the range a north
outh corridor for digpersd, or a ga
Himalayas—Qinling barrier. The richness of the
mammal fauna could be further explained from an
eoologica and paleogeographic point of view. The
dtitudina zonation of natural vegetation in this
mountain sysem, with its diversty of ecosystems,
provided a wide variety of habitats for plants and
animals, the posshility of
congderable overlgp in the distributions of mammals
representative of patterns of regiona
climate. The verticdity of the Hengduan mountain
system is great, and
intermediate latitudes, 9 globa cdimate changes
starting in the Pleistocene have had only a limited
impact on the range of montane landscagpes in the
region, with a shift in vertica vegetation zones of
only me hundreds of meters. Thus, prevaling
preserved heterogeneous
ecologica conditions within strictest possble limits.
This biologicaly diverse and higoricadly sable
environment was highly favorable for maintaining
species richness.

Environmenta change in eastern monson China
was much different from that of Hengduan. There
has been an horizonta shift with large scde
fluctuation, resulting in the formation of a
trandtiona zone between the Indomaayan and the
Palearctic redms. Darlington (1957: 472) has
postulated that only in eastern Ada, between the
Oriental and Palearctic faunas, is there full-scale

in the

and dlowed for

different

the mountains are in

factors pre-exiting,

trandtion without intermediate subtraction between
magjor faunas. The broad trandtion described above
generaly agrees with his point of view. The
trangtions of the two mgor faunas occurred amost
over the whole eastern China, except for the cold
temperate zone to the north of 50° N latitude, where
there are no Indomalayan ecies. Comparing the
strength of their regective trandtions, the Paearctic
one is stronger than that of the Indomalayan. The
genera tendency of mammals to migrate outhward
migrations over this vast area of eastern China during
the Quaternary could be an indicator that the present
faunal trandtion zone might be the heritage of this
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historical impact.

The location of the boundary between the two
magjor faunal read ms has thus been a contentious i ssue
in the area of eastern China. Hoffmann (2001)
reviewed the previous opinions of the southern
Palaearctic in China and adacent countries. He has
suggested a trangtion zone of the two mgor faunas
ooinciding with the area of middle and lower reaches
of the Changjiang River , between 28° N and 33° N
and marked the northern line of the trandtiona zone
as the outhern boundary of the Palaearctic. | have
conddered that the divison along Qinling Mts. and
Hua River line could more suitably serve as this
boundary. It isthe delimitation between the reative
dominance to the north and rgpid replacement to the
outh of the Pdaearctic faunal trandtion (Fig. 2). It
a2 exhibits a coincidence with the most important
geographic line of eastern China, the Qinling-Huai
River line (34° N, west 33 N, east) characterized
sutropical forest and
of January (Pate

by northernmost limit of
iotherm of main temperature 0O
).

The conclusonsof this work are asfollows.

1) The current distributions of mammals of
continental China can be divided into nine patterns.
Their range of different distribution types can be
ddineated in general terms, through the use of
different phydca geographic criteria that indicate
congruence. These distribution types are the result of
longterm adgptation to changing geographic
environments.

2) 9nce the disgpppearance of the Tethys Sea,
the most important geologicd event has been the
uplifting of the Qinghai- Xizang Pateau. The naturd
realms and climatic-vegetation zones that this event
gave rie to had different effectson different ecies;
depending on what typesof environments and regions
they adapted to. Animds adgpted to different natural

environments or natura regions were dfected to
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(Explanation of Plate)
(Pate )

A: Easern Monsoon China B: Northwestern Arid China C: Tibetan Frigid Pateau

1: Qingha-Xizang Plateau 2: Eastern limit of Arid area/ northwestern limit of Humid area  3: Divison of Pdaeartic and Indomaayan mamma
faunas (Min Mts Qinling Mts Hua River line coinciding theisotherm of mean temperature 0 of January)  4: Southern limit of cold temperate zone
(northernmogt limit of Orientd dements) 5: Southern limit of the most dominant areaof the Padaeartic mamma fauna (coinciding the southern limit
of the temperate zone in eagtern China)  6: Northern limit of the most dominant area of the ldomaayan mamma fauna (coinciding the northern limit
of the tropic and montane tropic-subtropic in southwestern China) 7: Corridor area

Base map quoted from Zhang, Y. Z.,S. K. Jin,S. H. Li,Z Y. Ye, F. G Wangand M. L. Zhang 1997 Digribution of Mammdian

Speciesin China. Beijing: China Forestry Publishing House.
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