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Abstract: Endemism describes the phenomenon that the distribution of individual species/taxa is critically
restricted to a specific region. Seed plant genera endemic to China (endemic genera) are those with their main
geographic distribution range within the borders of China. The geographic patterns of endemic genera can
not only guide conservation planning, but these organisms are also important biological resources. We gath-
ered data of 173 localities on environmental and spatial factors, and regional seed plant genera richness
(GRN), endemic genera richness (EGRN) and endemic genera ratio (EGR), which was calculated by dividing
EGRN by GRN. Multiple regression and variance partitioning were used to examine how environmental and
spatial variables affect GRN, EGRN, and EGR. Our results showed that: (1) EGRN and EGR had stronger
spatial variability than GRN, with highest values (richness and ratio) in central China and lower near national
borders and continental edges. GRN exhibited an evident latitudinal gradient. (2) EGRN and EGR were
mainly determined by habitat heterogeneity and spatial factors. Regional theoretical EGR was constrained by
its geographical location, and was further adjusted by habitat heterogeneity (topographical complexity) and
climatic factors. Geographical patterns of GRN, on the other hand, were mainly determined by climatic con-
ditions and habitat heterogeneity rather than spatial factors. (3) Seed plant genera endemic to China could be
rather difficult to define, and probably reflected inadequate information on phylogenetic evolution of local
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flora. Further studies are needed to examine the variance explained by spatial factors through a phylogenetic
lense. Finally, flaws in the definition and classification of seed plant genera endemic to China were dis-
cussed. Theoretically, genera endemic to China should not be defined according to the political borders. But,
in practice, nearly all the lists of seed plant genera endemic to China proposed by several authors were based
on the relationship between the geographic distribution of specific genus and national borders. Thus, we
recommend that, the concept of seed plant genera endemic to China should be used carefully in both theo-

retical research and biodiversity conservation practices.

Key words: seed plant, endemic genera, habitat heterogeneity, climatic factor, spatial factor, spatial pattern
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HuX R ) (Anderson, 1994). X4 ILG ) 43 B al
ARl BRIRIE R R ERET . AT S
IR AE TR AR B, £ A
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I, A ATIX TR BRI [ LR, A2
ATBUA P BREICE T 2E, 1989).
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7E 25 0] B B AT (<700 km), 34N RIAE S H
A W W1 23 W) H A SCHFAE, Moran’s TLVRF & LE
B, FrEBEERXRZ, BEEERE. s
#E 2 A3 N, Moran’s DZHT AR, A & Lufi . 4
HlEFE R BT, IR ERR . 7E
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X EEEHR)

Table 1 Correlation between genera richness (GRN), endemic
genera richness (EGRN), and endemic genera ratio (EGR) of
seed plants in China. Richness data were In-transformed.

B EEE BHEEEE
GRN EGRN
HHBEFEE EGRN 0.703*
T JE L] EGR 0.311% 0.852*

*P<<0.05, Significant at 0.05 level based on Dutilleul’s method (1993)
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Fig. 1 Geographic patterns of genera richness (GRN), en-
demic genera richness (EGRN) and endemic genera ratio
(EGR) for seed plants.
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Fig. 2 Changes of genera richness (GRN) (a, b), endemic genera richness (EGRN) (c, d), and endemic genera ratio (EGR) (e, f) of
seed plants along with longitude and latitude. Richness data were In-transformed.
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Fig. 3 Moran’s [ of genera richness (GRN), endemic genera
richness (EGRN), and endemic genera ratio (EGR) of seed
plants at different distance classes
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X 8 BT, AR BT S U (8.2%) FH A5k A
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7 A HAE ] . S a5 B2, X
R @ Le i 5, 2 R) R TR ST A o e K
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BSTAR FH d52 7N (1.9%), A PR -1 1% 8] B2 8] 1)
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TAAEACHAR M . (EAFE R I, AR5 5 Tk Fl < 0%
SZAE NS A EEEERAET
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3 it

3.1 BERMIENSHIES

FIF173AN X (o -7 A 2 )& 7 & FE(GRN,
LR MR8 ) A 8 F 5 FE(EGRN) AR A &
LI (EGR) I EHE, A SCI B TR A 8 =F B RIS
A JE Lo () A L B Ay A A Ry, B 35 SR SR IR K
Wi 122 5 R 5] S 0 B DX IR, i v T o 50 1) S Ay
bR = (b, ¢)o X4 R 5 Zhus5E(2007) 1 45 R
— 8, W SAEAFE LRI AT e 2

w2 FHFHEMEESEGRN). HFEEEEEEGRN)FIEEELLAI(EGR) SN MER FHIEITRE

Table 2 Regression coefficient of genera richness (GRN), endemic genera richness (EGRN) and endemic genera ratio (EGR) of

seed plants with each environmental factor

A5 JEFEE GRN

Fr R E 1 EGRN $FA ] EGR

Independent variables ik — RS —iK —ik —ik
Linear Quadratic Linear Quadratic Linear Quadratic
i AREA (—) 0.051* 0.008 0.005
R REL (+) 0.004 0.050%* 0.067* 0.084* 0.106* 0.102%*
FEXJIE TEM (+) 0.304* 0.304* 0.100* 0.192% 0.001 0.130%
A A TCM (+) 0.377* 0.376* 0.189* 0.353* 0.010 0.220%
EREWE PRE (+) 0.389* 0.506* 0.148* 0.308* 0.001 0.144*
It HFEWE PDM (+) 0.210* 0.282%* 0.108* 0.115% 0.005 0.006
WAEZEHL PET (+) 0.342% 0.380% 0.075* 0.214* 0.002 0.126*
SERRZEHL AET (+) 0.465* 0.520% 0.198* 0.309% 0.008 0.116*

+/— indicates positive/negative regression; AREA, Area of each region; REL, Range in elevation; TEM, Mean annual temperature; TCM, Mean tem-
perature of the coldest month; PRE, Annual precipitation; PDM, Precipitation of the driest month; PET, Potential evaportranspiration; AET, Actual
evaportranspiration. * P<<0.05, Significant at 0.05 level based on Dutilleul’s method (1993).
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Table 3 Summary of heterogeneity, climate, spatial and integrative models for genera richness (GRN), endemic genera richness

(EGRN) and endemic genera ratio (EGR) of seed plants

ot

HALhE

Model Independent variables R (%) AlC P

J& =5 % (GRN)

A3 S PR Heterogeneity model ~ AREA, REL, REL? 9.1 178 <0.001

SAEMER Climatic model PRE, PRE?, PDM, PDM? PET, TCM, TEM? 57.4 52 <0.001

Z5 (A5 Spatial model X, XY, Y24 X3, X*Y, XY? 46.6 96 <0.001

ZEG I Integrative model AREA, REL?, PRE, PRE?, PET, X, XY, XY? 66.7 35 <0.001
¥ J8 3 % (EGRN)

A5 FPER Heterogeneity model ~ AREA, REL, REL? 11.9 430 <0.001

SAFERLHY Climatic model TEM, TEM?, TCM, PRE, PRE* PDM, PDM?, PET, AET 60.1 305 <0.001

[ A Spatial model X, Y, XY, Y3, X, XY, XY%, Y? 58.0 306 <0.001

ZEO M Integrative model AREA, REL?, PRE, PRE?, X, Y, Y?, X?Y, XY? 73.9 240 <0.001
A JE HI(EGR)

A4 SRR T Heterogeneity model ~ AREA, REL, REL? 12.2 578 <0.001

S AFEREAL Climatic model TEM, TEM?, TCM, PET, PRE, PRE? 49.1 490 <0.001

ZE A  Spatial model X, Y, X%, XY, Y, XY, XY, Y? 53.5 471 <0.001

ZEA MY Integrative model REL, REL?, TEM, TCM, PET, Y, X%, XY, XY, XY, Y® 62.2 229 <0.001

HAR [ £2; J3: X, longitude; Y, latitude

T4 HEFREME). SERFOMZEETFO) ML REZEYMHC. HS. CS. HCS)FTREMBRMIHTEMEF
EE(GRN). #6EFEEEGRNFIHHEE LLHI(EGR)EI 5 Z(%)

Table 4 Spatial variance in genera richness (GRN), endemic genera richness (EGRN), and endemic genera ratio (EGR) of seed
plants explained exclusively by heterogeneity (H), climatic factors (C) and spatial factors (S), as well as jointly by the interactions

between these groups (HC, HS, CS and HCS)

R PR T
s FEY) 12T
[ZIEE_ Pure components (%) Shared components (%) ﬁgﬁ fty “‘4‘772
Response variables Total variance explained (%)
H C S HC HS CS HCS
J&+ &% GRN 8.2 9.1 24 -6.3 12 36.9 -7.1 66.7
KR W EGRN 7.5 5.7 8.9 1.7 52 41.8 2.0 73.9
KA R L] EGR 2.5 1.9 9.8 6.8 6.1 35.9 3.2 62.2

o fERHIE L, WX =m PRSI
B R 2 (LA AERBREEHE, 1994b; W2 B RI5K
T, 1994), ZhuZ5(2007) K H 5 A SCRAL I F kT
FERW, W ) ZR-58 75 1 X R AT B = & P S,
P HUIX L FEIT S M DR S U (5 VS R RS )
R R L% AR RS FIN SRS —E W
JUBEFROCHE, DRI, 70 LA AN [ 3 X 3 R AT
2w BRI JE LL I, SRS B R R/

R R E B RIRE A JE A9 ) M o A A
HREEEWEAR, XUARAS T REEES
J& T H P A (R AR DG AR, 1T 5 e A3 g AH
KR (R ). 1 A R & AR & L il fE
B B R R R TE S, X3 HA R

[¥iMoran’s Z5fi 7% 7] PH 25 AR A4 1A AR & AN AR TR . 2
A g LL A it Moran’s TR 2H 25384 05N B i 3840
THARFEAAR, 18 F & B Moran’s  ThH 7 1] P 25 44
INFRSE R B, X5 AT B AN [ (1 H 2 53 A A e 3
DIAOC(KI3) . B a BEBE 2R B T i stk, 55 2F
W) 2 FE 2 2 B b6 I 00— R (Willig et al,
2003), th5Chen®5(2011)%}  [H Rt RV FFEE
FEM R e R —3 . FELERRE I, <100°E1HhX
JEF  PERAR, DR A 3 L S T 7 0 i e E XA
BT X (El2a). R R AR S L
S A8 R CR, 0 e L REAT 8 e
JiEIA R, R0 205 B A i RIS AR 11 1l DX 3 30 ]
Fit, DRI Sk X [ A e o R L A 3 A v A
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@ FE A, R R T AR s L)
AR T2 2 k07 kR M2, fraEE
BB RURR A T LA B A K B 1) 1 e 2 i 14
I, ST R T B R T AR JE L
B 55 E R T A R S F e R 2 . X%
J2 T [ R 7 e KBS AR R 1 B X ST [
ST =), X R R JE o A
Bl AR AN K, (R B 5L, i 9t e o AR R
J&e Si4k, hEREAE S R RO R R,
LR B 43 A 43 S0l 2 A2 b R ) S I A s AR e
FIHE eI R . SRR+ & AL, R A
Ja& P — s RN A o S R
Lo, e 5 A IR IR DR R A2 e U5 R s e
K, BRI A DRl PR AR DR A B3 55 o SX i RE AR RE Zhu
S5(2007) R IAF A T Lo 5 A f R 738 0 S8 2
MILEMEDC R, T HANREA & 1R 20 A0 H1 52 R B R 1
S U2 (NAR A, 1996) 7 22 50 i 1 25 S TR FE 2 1,
Ak DR i RE RO RN SRR, T R
2w BB S8 L9 RS RN /N (K 4) o

R R 4w JE R JE LL ) 5 AREAR A W%
(PIAH DGHE,  TRIRE 2 DR A A S T RS K (1) b X il [
Fo AH A 8 B AR 8 L S RELIFAH %
PR T, IR DR R R R
A FEAE, FEARFRI B - H AR SRR A A X 2
W BRI R A, T = B R AR AR AR )
X PLBHRs A 8 e 22 (R IEH S, 2005); AR A4
Ll b R B8 7E UK A R o e A i () AR A e R Tk
T P8 308 7 K v ot 118 2 A T it B 88 b IR 2R 85 %
FEVE, B R e 1 T W&, I H L bt
TEBR T TAE P 5, I L SE A 1R RUET HEA T 1
(R REL A9 e AT 0 RV /N T ok v R

P a8 LA 5 20 20 FE RN IR B DR 1 1) 1) K &%,
AT DLRE—HE S, 7RI R b, AT
2N H DR AT LA R, AR R T (B
M 1) 52 ) R A R - 0 S A T Ak« X — &5
[ERE R DA Pl AR S IG5 B — P IR X B
fige 22 e, W AMAEY) & 1) 23 A il TR, K53 A v
FEER H AR DX PR A 0 (R R ) e Bk, UL 8%
HIL P X R SR e %, A S X R R
LRSS, IR R R S L

R A (B EEA), H 2B IS ) 58 A AH ] o 5 A Hb
DXAFLESAE R AR A, U i R 1 ) L X
A8 F & R 8 Le A i =35 3408 52 bR
H (O IAE), H 25 [ R A7 AL — € 25, EAR
J& P X L, X I

BT S, B E RS R 3 Bk TR
(B DR 7RI AR 35 S Pk, TR AT 8 F s FE AR AT & L
8] 1Yy i B AR =) B 2 i 57 380 7% ] [R] 7 A0 A B S o
(R RRA A & Le il &, o B R 2
AR ke, HOOSHRIRIE, R -1 Bl AE
MAR/NER2, 3, 4).

P 2% 1) IR AN BTG T SRl b B A
B, IBER T A FE X R X RIS S, BT
AR & R A &8 LUl Re g 7r — e FE R b S A
YIRS AR S 3 R A8 2 FUrEE R
SRIHES:, R 8 LB B EIX R RAE KT E
ST RESS LG, 1) R P e (1) 7 22 P B i X
A2 /Dt RGNS BT ZAE— P .

33 PFERHMERBEEEVZHMERIFPHEX

FEA JB X VE 2 A ) 22 I DR 47 B O 0 52 e 410
HAEEENIRGE . 2R RaEmal 17
SV UK RSB A ok, e E THY RS
KRB A ) EAE D, B R B,
FE, Mk B xRkt . 54, Fef s
=5 AL A5 Ay DX A ) 22 A DA 1
BUERIR, VP2 BRI XA B 5P g Sh B ARy
A&, T HAERNE g s iR B s H A
YZAEVERMAE .

R, H AR R e ORI i 5t 2 RIAELE
—E A G Z A . BARE SO R T8 (14 5y
AN LIAT B S A bR, R H LT A b
FiA7 BRI 3 J7 kB LAE SO AR, e D AR AR
JE EARHE R & 1 o AnJu S SR G R . XEi®
B/ BERAC T [ R A R R 2 A TR R A S B T
feFAEH . DRIk, 520 AT JE AT ) S
JE(VPHESE, 2008). fEEEE b, ANCAEFOHE, 12
175 %8 v [H Fr A AR 40 g A tHE 30 L (%) 93 A1 e )
HATRA TR PR v RESE A B . B, JeAdE
Pl 2 300 T 2R 1 AR M B DX 25 5% AN g 19 40 AT, T
JE T E S A AR X (WA 8 . fESE# b, W
B B B A 2 TR TP I N,
HAFE R —DNRCERVEN Fa bR . XY, FE1T [E 5
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PEANE 7870 16 B [ 78 g 505 405 20w 6] S P 3t X
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