View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

2R gRE: 10384 N5 R
228, 21620071151981 uDC

B r

7 e S DAR 7S

Pl HHERN I X R G R LR E
ESfE S

The geographical pattern and its determinants of terrestrial

vertebrate diversity

EBAF
BT L. FHRA HRK

+ b £ Ak @it
HXRXBH: 201054 A8 H
H LA 201045 A 28 A
F{5.4%F B #:

BRERRER: FCH B
¥ O A

&

2010 £ 5 A


https://core.ac.uk/display/41421372?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BXEFEFAILIREEE A

ANZAM AR SGEANAE T T T, 758 1% I FE )k
Ko RNAEWRLEGIEH S HADAN NGk O R R RIIWE TSR, 1)
FESCH LUE =05 s bR, IFAF S e A (T TR AU 5
AR GAAT)).

FON LA SO (R AS ARG S A 2 1) B (4D
FIFsOsR, RS CRMAESRGEEYEY SR BE 4D &
PRI E R, AE (ERY) ERE TR, GE/E EFES NI
RO R D1 or NS A RR, ARAT LIRS W21, m DA
PERE I 00

PN (BE4):
¥ H H



BIRFFAIRCEAERE A A

ANFIR TR AR SE b e N RN [ 22 07 2% 8 47 58 it
V) SERE Or BRI I RS2 218 3C, I 1) 28 A1 T B F R e W LAIE AT
FALR S CEARARBRAN TR0, SRV AR ST TR B4
T R B A T S A o AN TR BT TR S e A e i\ 4 [
(12 SN/ e 3 VA PN €8 SR IV -6/ i X T a2 P = VA M U AN IR
S G RS, SRHZ B AR Bl sl Hee s BRI 22 18 3

S DA @

C D LAEITRARE R R e MRS AR, T
01 B, RSN LB

C v ) 2. AR, W LA

CEAE A EAHNAS S5 AT “ v 7 B EAINY A A . DRE AL 18 S
Nt B2 T T RA R R iy BOE R A AR 30, R T TR AR

B 8 (R AL ST A TT AR S o L IR AN S 1, BRI
AR S0, $3E M EIRIAL )

/

RRAR
A

II



S

BoX O E

PRI R W] RE S A A B AR 2R 2 IR T U U, 1 2R 22 R PR IR DR R )
F& 7 2 255 (macroecology ) AT A= M i H 2 (biogeography )W 5T HH R A% Lo k) . +h
SR N R 2 . AR A AR E K Ik, o [ L A 5 R Ao T
Y ZREYE . SR, BRI ) s R 28 5 e ko B 05 A S 1 H 2 189
FAS G, Afi o [6 A4 2 FEPES2 B P2 1R B, DR AP 2 FEIE O ol $B A
MITHAT M2 2. b, 12401k, A TR EFEE WA 2 A, RIE
LG T KR ARG X . BAE20074F K, FE Oy 72395 Al {4 4%
G AR X (AR . G DO (AR ISR E A L4 37,2008), T
053 BT I e ORAP IX (R A1 R LA BRI S0 T 22 R 1R DR R BE A R ont T AR 40 22 R4
ISEERIEPR AP/ & o g A

AR SR BUHAT 1A TR 2% SR M g H 116040 AR DRI X, A 4E T i [E
JUT BT B bl AR 7S RGeS A, e TR (¥ VOB T 485 RSt A AE 31 420 (1 5
WPE, JERAAR. k. KA EEHEER, S0t ()T E BT HES)
W) E BTN FE IR RUBERS Jo S 5 PR IR IR O 2R, R o et 7 5 A
R B RS R ] £ 2 1. (2) )b E R HESI B 2 Ak 1
Bt (A B RS AR A, AAB PRI abL], RIS HOd R AR A5 A7 i R R ARG
AN

T EA S YI634 78, A RIEOE 14% . b, FEREE )T 2761
B, WIMEE326Fh, TCATHR410%0, 9251336F, WHFLH689Fh. T IERUI LAY
X PR AT 186, CATRAT216%, S2RA 10508, WHFLKAA472H, 435k
H i 1 A B ) P 1K157.06%,  TBAT 2K 11152.68%, 52K1178.59%, MFLA
[168.51% . I8k HIH(E R SE(GIS) K DIVA-GISFEHL T 3= 22194 PR BT ik [H
T MR AT EE, AT DL R 4518

1o GRIIX PSS RIICAT 28 - 22 00 A TRV Li s LR, BREFs DY )14 38
b4 LA TEA T &4, MAbT7 7 Anbs S2R FL 2874 [ IR 23 A i
FIEE s N7z, LT A A 44, HRYT R LA KT LAtk LA R G 4 5 e 1Y)

e i XN B 1 X

I



WStV ME S 4 22 A P 1 3t PR ey S L e R 3R

2. PRI SRR RS a R s, SRR SR 507 A ge R B 1 B
BHESI DI A (1) 73 A1 L5 3 A BT S DI R AL B BB IS, H
IR I B RO ZE 57 o 1T R SR 2 BT LU H, A ORI XL 31— 2 2L
FIIN, PR i e s i A /s 2 g AN S, AL S s i B ARk [X
ANBEE H M NAEHE S H AR X R i e KA o FEANIRI A 20 28 v b, Bl A
B SRS 205 L IR G D imn #8- SAER  Al K 2 H A 0 Mgy 1) |,
PURSRBEARER R AE P R B 03, AP I3 A, o =07 iAok

3. ARG b, SRR 220k, R e R R R
IV EAFAE W ARG T B HE S 73 2800 18], PR R i 2003 S8 F T AE AR
HEHBAICRR

4. BXRBEEHESN T ZRRARM M E R LR, Ea@ryeEn, g
HESH YIS — ARG L L (10 18 v i A o= P00 oy, LBt o e P 8 v o T
Wz B, RS- R OB A iiaze PRSI H (1 B A A S
AW, AHE I RVE L e il B FER . ERR KR BRKIEETY
P BB K R B BB KE . ISR AT STk i i) e AR A B L
50, AR TR B FRE . BT KR B ZE KA,
BT th IR B AR AR AT 500, WA . BRI, B
Ve BRI AT s Fa KR TR LRI Y (1 B R AR S A 1000, R AR AR T4
JIBIUVE T L A B ) Bl de TERIA L AERROKE ., BRZK =TT 1
i TR KA ORI A . e, PRSI SEm I 2O00 PV . fid
HEARURAN e 208 s TRATZR I T2 28 M A 5200 e T340 Foeve =10 AN 5
TBRKE SR T E R A O R fe TR A R i LR
(g = 25 DS 32 0 A AU ) R v TR R g 1 ) e il o EH R 0 A B R K 43 2
YUE R R MES )k A B RS SR (0 A BT 7, X S A A S — 2L
i

5. R R AR A HESh ) (KIp 2 FEVE LT S AR A T s D dee e, FLIOZ S
FRH AR, B2 FEE S WIS Y HURE ) 2 ARG TR HEZh YN =
MRG0 HBZFEEI TR il S o TS, RIARZS A7 BRI T4 HObR ], ABALFAA
fi WY A, T AN DAL R B 11 XU A A X B2 R A T 1 U5 i 6K

v



KRB BEWCEHESIY; DR e B, B AR



WStV ME S 4 22 A P 1 3t PR ey S L e R 3R

Abstract

Biodiversity is a front edge field in sustainable biosphere ecology,and the large scale
pattern of Dbiodiversity is the core for research in macroecology and
biogeography.China has the biggest population but very low per-capita quantity of the
resources. Therefore,China  depends  more  than  other  countries on
biodiversity.However,due to big population,increasing demand and unreasonable use
of resources for rapid economic development,biodiversity in China has been severely
threatened.Protecting biodiversity becomes our first imperative.So we have built up
quite a lot nature reserves till now.By the end of 2007,Chinese mainland has 2395
nature reserves of different protection level(Ministry of Environmental Protection of
the People’s Republic of China,2008).So it is of great significance to evaluate and
analyze the layout of these nature reserves and protective effects on biodiversity that

the large scale pattern of biodiversity brought.

We selected 160 nature reserves that have experienced overall scientific investigation
and been made into species catalogue,including nearly all significant terrestrial
ecosystem in China.According to the data which were collected and integrated we had
obtained terrestrial vertebrates database,basing on environment
information,i.e.climate,altitude,longitude and latitude etc,this article tried to analyze
the following aspects: (1) species diversity at large scale in major taxa of terrestrial
vertebrates in China and its relationship with environmental factors,and discuss key
formative factors of species diversity at large scale; (2) the change of B diversity in
China’s terrestrial vertebrates with space and distance,as well as the formation
mechanism of B diversity,that is the relative importance between niche restriction and

diffusional limitation.

China has 6347 species of vertebrates,accounting for nearly 14% of the world’s
species.Among them,terrestrial vertebrates have a total number of 2761,what the

specific ratio is,amphibians have 326,reptiles have 410,birds have 1336,and mammals
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have 689.The protected areas of we selected have 186 species of amphibians,216
species of reptiles,1050 species of birds,and 472 species of mammals,which are
accounting for 57.06% of amphibians,52.68% of reptiles,78.59% of birds,and 68.51%
of mammals .Through the geographic information system (GIS),DIVA-GIS extracted
the 19 environmental climatic factors.From analysising all data using R software,the

main conclusions are as following:

1.Amphibians and reptiles of protected areas mainly distributed south of the Yangtze
River basin,which included the South to involve Sichuan,Hubei and Jiangxi
provinces,while the northern part distributed less;birds and mammals of the country
were more widespread distribution,almost throughout all provinces of the country,but
south of the Yangtze River and the Yangtze River basin had more significant
advantages.A total distribution of each taxa in nature reserves had hot spots in

common,mainly in cross-sectional mountains,central China and the Lingnan region.

2.The cluster analysis result of groups in nature reserves indicated that cluster mode
of each group fully demonstrated the interaction as well as obvious difference
between geographic distribution of terrestrial vertebrates and species splits which was
closely related to the geographical environment.Species accumulation curve showed
that when the number of nature reserves was big enough the increase in species would
slow down,even inconspicuous to tell;therefore increasing and expanding nature
reserves were necessary,and we should maximize their benefits,avoiding blind
investment.In different taxonomic categories,the number of family,genus and species
of terrestrial vertebrates increased with latitude increasing.Along longitude,the
patterns of species richness for each group were hamp-shaped,which were quadratic

curved correlation.

3.0n a certain taxonomic rank,certain uniformity existed in each taxa,especially genus
was obviously correlated on the level. While in different taxonomic ranks of terrestrial

vertebrates,species and higher taxonomic category had strong correlation in quantity.
VII
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4.In a appropriate range,species richness of terrestrial vertebrate taxa generally
increased with temperature and rainfall increasing.The selected best models of
amphibian based on AIC including 9 variables about Mean Monthly Temperature
Range,Min Temperature of Coldest Month,Mean Temperature of Coldest
Quarter,Annual Precipitation,Precipitation Seasonality,Precipitation of Warmest
Quarter,Precipitation of Coldest Quarter,elevation and area; The selected best models
of reptile based on AIC including 5 variables about Mean Temperature of Driest
Quarter,Mean  Temperature of Coldest Quarter,Precipitation of  Driest
Month,Precipitation of Coldest Quarter and area; The selected best models of bird
based on AIC including 5 variables about Annual Mean Temperature, Temperture
Seasonnality,Mean Temperature of Driest Quarter,Mean Temperature of Coldest
Quarter and Precipitation of Wettest Quarter.The selected best models of mammal
based on AIC including 10 variables about Annual Mean Temperature,Mean Monthly
Temperature Range,Isothermality,Max Temperature of Warmest Month,Mean
Temperature of Driest Quarter,Annual Precipitation,Precipitation
Seasonality,Precipitation of Driest Quarter,elevation and area.The main factors of
amphibian among these were Mean Monthly Temperature Range,Min Temperature of
Coldest Month and Mean Temperature of Coldest Quarter; the main factors of reptile
were Mean Temperature of Driest Quarter,Mean Temperature of Coldest Quarter and
Precipitation of Driest Month; the main factors of bird were Annual Mean
Temperature,Mean Temperature of Driest Quarter and Mean Temperature of Coldest
Quarter; the main factors of mammal were Annual Mean Temperature,Mean Monthly
Temperature Range and Max Temperature of Warmest Month.It showed that
temperature and moisture were the main environmental factors to determine species
richness patterns of Chinese terrestrial vertebrate,which was consistent with previous

studies.

5. B diversity of vertebrates in Eastern China can be ranked as amphibians and reptiles
in the highest,followed by birds and mammals.This indicated a negative relationship

between P diversity and dispersal ability of each taxa.For terrestrial vertebrates,the
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environmental factors on the formation of B diversity were more important,which
niche restriction was greater than diffusional limitation,but the dominant position was
not in evidence.The double interaction of environmental factors and geographic

distance had greater impact on formation of B diversity.

Key Words: terrestrial vertebrate; species richness; geographical pattern; B diversity

IX



H F

ST T oot 111
TSI EL oot VI
I SE T S et X
TETLH Sttt XI1
B BT T coeveereeeee e 1
L1 AR RS B TTHEIE oo 1
LT A RETERE S e 1

112 AEMZRETEREICEE coooooee e 2

1.2 WP BEHEERS SR TEIE R oo 4
1.3 BEFETETE MBI IEIE R oo 7
1.4 AT E BTGB S e 8
1.5 WFFE IR B RTR oo 9
1.6 BRI HT ITVE oo 9
161 BBl oo 9

162 —MEERMERITELE oo 10

1.63  T7 IR Z S AR TTZEIT B et 10

S EE o R HE S I HL AR SR oo 11
2.1 TR crreeiieeee ettt 11
2.2 MBFG TTYE oo 11
22,1 IR, S BRGNS ) R 11

222 BT TV e 12

23 BERGTTIR s 12
231 FERCEHESIIIFN I AT oo, 12

232 FHBERIIE ZRHIANE oo 13

233 HBBEIIIFERUNL oo, 14

234 BRWEA 3 EB TCHIZ A TERE A oo, 15

2.4 ARTEPEZR oo 16
W= BENCEHESI ISR 5 2 FEGOM I ) B e 30

X



WStV ME S 4 22 A P 1 3t PR ey S L e R 3R

3.1 HI S oot 30
3.2 FERHGTITE o 31
320 B 31

322 BRI T e 31

33 GERIGTTIR e 31
3.3.1 AR T LW S P S PSR R ) — S 31

332 BENCEHESIY 23 GO A BUE s 32

333 AREEBIZR et 32
FVYE SR HESI A R PRI IR R s 36
A1 TS oottt sttt 36
B2 BEBFEG TTVE oo 36
421 FABEIIE oo 36

422 BT TV e 36

43 BT oo 37
431 BB THITEE e 37

432  IEL-FE EEAUSAL I LA LRI ER 38

B4 ARTFEBZR oo 39
SR P E RS MESI I RBERIBZAENE oo 56
5.1 U B ceereeiee e ettt ettt ettt ettt ae e, 56
5.2 FEBEHGTIE oo 56
520 HFFEDRI e, 57

522 B AIHT oo 57

53 BEREGIIHT oo 57
53.0  MFPEREZS EE B AR e 57

532 BENCEHESIVIBZ FETEBITE LA oo 58

5.4 ARFEFEIZR oo 59
BI7NTE e 65
BEE LM oo 72
B e 81

XI



H

Contents
CRINESE ADSITACE. ...ttt 111
ENglish @DSIIrACt.....cocuiiiiiiiiecii ettt et enee VI
CRINESE CONLENLS ......ooieeiiieiie ettt X
ENGLiSh CONENLS ...t X1I
Chapter]l  ProleZOmeNa ............cccovoiiiiiiiiiiceeee e s 1
1.1  The conception of biological diversity and research Progress ... wemrreroomerieeriies 1
1.1.1 ~ The conception of biological diVersity ............cccoceviioiinininiieerenn. 1
1.1.2  The research progress of biological diversity ...........ccccococvvivrirrcennnee 2
1.2 The progress of geographic patterns of species richness.............cccccoeveveveneee. 4
1.3 Formation mechanisms of B diVersity..........ccccooiiioiciiiieninieeeieeeceee 7
1.4  The purpose and significance of this study........cccccoorreieeeeieeeccee, 8
1.5 The condition about the study area and data sources ............c.cccocoeeeirirenninnes 9
1.6 StatiStical ANalySiS.....c.cccciivieeriiiieieiiiiieeee et 9
1.6.1  ClIUSter analySiS......ccccoiiueiiieeieiiieieieee e 9
1.6.2  Screening of the general linear model .............ccccooveeivivirieiiiiiiee, 10
1.6.3  Variation partitioning and hierarchical partitioning.............ccccocovuene... 10
Chapter 2 The geographical pattern of terrestrial vertebrates in China......................... 11
2.1 PIOIACE ... 11
2.2 Materials and methods ............ccooiiiiiii e 11

2.2.1  Regional area, latitude, longitude and terrestrial vertebrate richness

ATAL . o e et 11
2.2.2  Statistical analysiS.......cococoioieiririirieieieeee e 12
2.3 Results and diSCUSSION ........c.ouririiiiiiiriiicieiieieee e 12
2.3.1 Distribution of terrestrial vertebrate SPecies...........cooveerrivrerririrnnnn. 12
2.3.2  Zooginic similarity among each taxa...........ccccoceeeeeinnnieiiiice 13
2.3.3  The species accumulation curve of each taxa ...........ccccoceevieeininnnnn. 14
2.3.4  The latitude and longitude pattern of each taxa............ccccooevrviirnrnces 15
2.4 The charts of thiS Chapter ..........cooooooiiiiiiiie e 16



WStV ME S 4 22 A P 1 3t PR ey S L e R 3R

Chapter 3 Cross-taxon congruence of terrestrial vertebrate .............cccoovevvveiiiiiinnnnes 30
3.1 PIOIACE .. 30
3.2 Materials and methods ... 31

32,1 DA 31
3.2.2  Statistical @NalySiS........ccooviiiiiiiiieieieieieeieeeee e 31
3.3 Results and diSCUSSION ........c.cuiueiiiriiiriiieieee s 31
3.3.1  Cross-group congruence of terrestrial vertebrate....................c.ccoc.o... 31
3.3.2  Cross-taxon congruence of terrestrial vertebrate.................ccccoooouee. 32
3.3.3  The charts of this Chapter ..o 32

Chapter 4 The relationship between terrestrial vertebrate species richness and

EINVITONIMECIIE .....oeieieetetcietetetete ettt s s s e s et b s s st s e st s s bbb s s s s e e e snsens 36
T PLElACE ottt ettt ettt ettt n s 36

4.2  Materials and MEthOdS ..........cocoieviiiieieiiieeee ettt 36
4.2.1  Meteorological data............cccocooiiiiiniiiice e 36

4.2.2  Statistical analysSiS......ccccoeiiririiiiiieieeeeee e 36

4.3 Results and diSCUSSION .......c.oiiiuririiiiieieiee s 37
4.3.1  The relationship between various groups and ecological factors......37

4.3.2  The selected best models based on AIC and the main factors........... 38

4.4 The charts of this Chapter .........ccccoioiiiiiicecceecc e 39
Chapter 5 3 diversity of each group of terrestrial vertebrates in eastern China........... 56
T B S 1<) ¢ o TSP 56

5.2 Materials and MEthOAS ..........ocooveveuiiiiieieiiicieee e 56
5.2.1  STUAY GIEQ...uiiieiiciieiceceeceeeeeeeteeee ettt ettt aens 57

5.2.2  Data ANALYSIS ......c.ceeveviiereeierereeeeteeetee ettt ettt ettt et eneereneans 57

5.3 Results and diSCUSSION.......ccueviuiiveriieiieecietieeetee ettt ettt ettt esns 57
5.3.1  The change of B diversity with space and diStance .............ccccoevevererverrverenene. 57

5.3.2  The formation mechanism of B diVersity ..........cccccceivrerevesreiereiereeeceeeeenen 58

5.4  The charts of this chapter .........ccccoeviiiiieiiiiii e 59
Chapter 6 CONCIUSION.......c.cueviveveieiiieiieiiie ettt aeseaenes 65
RETRIEIICES ...ttt 72



Acknowledgements

XIv



Ape =

¥-E WH

ki
i
=
]]lll-

L1 A HERSRARERE
111 £ S S

W2 FE % (biodiversity) ] , 5 ¥) 52 FH Fisher Ml Williams(1943) ZE R 5% 2 Hi4)
P22 B 5 SR IR HE 1K), (E AR 22 B ok — AR % L P T 7 A BRI 1Rl P ol A AT T
W) Y2 R R AR R 52 08 2 8OAFAR S IR FE (R AA5,1995), el & 7E 199247 F % 5
RIERS B CEMZFEE ALY 1 1E 8B (BRI 5 45,1994, F 45, 1997) . H
AT AT AN A2 2 FEPE 3R AR ) S 3L S R BE T B AR S A5 PR LU 5 e AR 56
(R AR AR AR KR, BLRRER L T TS R SR e A T
FERI DL e 5 HARAF R B U BRI A R G, 2R R A AR IE (S
7 F55,1994).

YRR A PR 2 S, AR 2 A EIREOKT . T
2. BNERNEEEBAEGERNZ L. WA ZRE. ESRA LR =A
“EM EUCRISOU AR DA R IR (S 0T, 1993), R DB AEA — U E
% T T IR MR (S T, 1994: K R 2, 1994; 7K <, 1999; 42158 11,2000,
Hir, K2HCFEE W) T IERE 5

LM REREI G AT AN U o2 KN, BEFEME, vE2FEME. o2 HF
Ve BEOCVE SR B A RS N R A H L DR b BN AR SR I 2 R
(within-habitat diversity). BZFEIERTLLE Ok WA FREERE R 1 AR (L R s AR
[ (Whittaker,1972), R AFR AP0 i 46 4 4 (species turnover rate) #FH%4QH
#(species replacement rate) R4 422 413 % (rate of biotic change)(Pielou,1975), B
2 A FEAS R BEVA VR 2 BT 22 e, AN TR0 B AN RS BA . AN ] 10
I IEE Rib, B2 FEMEROK (Magurran,1988). #5iIBZ FEPEN) T B A & P47
THEL MU TR . y 2 A PR IR R R 2 A, R R X IO
FOL RS, gk X3k 2 P (regional diversity). 4y 2 FEPEIIZERS
AR KBNS . SRR TE B A A g 5 (5 51, 1993)

TEMRZ R R b, FEASYR R BB FEIE. YR e —
SERNRET R H AN ERR AR AR AT DL A S AR ROR



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

