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Biogeographical patterns and environmental interpretation of plant
species richness in the Horgin Sandy Lands

Wang Yin', Wang Jian-Ming", Cui Pan-Jie', Zhong Yue-Ming', Li Jing-Wen'* , Chu Jian-Ming®
(1. College of Forestry, Beijing Forestry University, Beijing 100083; 2. Institute of Forestry Studies, Chinese
Academy of Forestry, Beijing, 100091)

Abstract. Energy, water, and habitat heterogeneity are important factors for species richness
distribution. Based on regional species richness data, corresponding climatic data, and
habitat heterogeneity, the species richness pattern of the Horgin Sandy Lands and its
dominant factors were studied. Results demonstrated there were 115 families and 1030 species
of plants in the Horgin Sandy Lands, which showed significant spatial heterogeneity. With the
increase in longitude, species richness decreased at first and then increased, whereas
latitude had less effect. Furthermore, the water-energy dynamics hypothesis was most suitable
for explaining the species richness patterns in the Horgin Sandy Lands. Our results therefore
indicated that water resource availability was the main factor affecting species richness in the

Horgin Sandy Lands.
Key words: Regional species richness; Water factors; Energy factors; Habitat heterogeneity ;
Horgin Sandy Lands

TERRRBA S NI H 5 EWTT ST, 2R ERERAESH R h.OuUE ™, i 2k
Py B0 858 00 3 PO H AT AR A S MR SE I 2 M BRI E e bR —— R E R R T N
U AR SRS A RS R O | 18 ARk, AR T RO R R DR R Y

Wik B 1. 2018-05-14, Rf&H M. 2018-05-23,
FEATUH . FBHE R ZE 9 IR A L IR (2017FY100205)
This work was supported by a grant from the Science & Technology Basic Resources Investigation Program of the Ministry of
Science and Technology of China (2017FY100205).
YEZ A L8 (1995-), B, WL, FF5805 A Y 2 re bk 51 £ 452 (E-mail . 953753455@qq.com) ,
« M IRAEE (Author for correspondence. E-mail; lijingwen@bijfu.edu.cn) ,



FHAE BURID U ALY R0 B AR R MO SR R 795

%6l
Yoh 4= 5 B R 2 () or A ks Ry, Bl . PREERE R R

X
Ut KSR AESE S R UAT . AR
REIAA T, BE R A8 0% 38 A 5 i 47 B G AR HE T B
HETSE M PR Z e 1) 28 [ Ak SR s KISl 1R
PLIA R0 KA RIRE R IR AL RV F R b 2
FEME R REEHS Joy P e PR 75 A3 S Bt A
RO RS R EEAREE 2 RSN, AT
PR ILAE AR Y Bl R BRI, AT N 2K
TR R E AT TNy 2 K. B YR EREE A&
FPT L ARARE T MR s A
A S S MR RN S B 3 2 ROk B i
PR R, RSP F S A R 2 2 R A
HZEMILFEMER, (HAE NN 2 e £ 052
FER S

HEAXT VM X IR A 58N Ry, T R b 4= 6 B
K& JR) 5 P 1Y) O R 2 i R U0 M AT ) VR W B 2 K
PERE BT, VD R SR 5 8ok £ 9
B, 228 T 2 R0 FE 1 25 BRI A
YIRS, TR T R B R B A R A A RS R, BT
BEXTY RN E RS R 5 AR O R oY R B A
ST, RPRE R KA A ml R HE S0 SR
i, HABMEENZER, 0455 mvk X 9 fh 3 5
MR B S O 2 7E R Bl DB, R RUBE i F 5
HAREEs 21

BRI VS b Ay v B K A 285 55 X 2 — 22
HoAR oy AR, AE 4R K & 286 ~460 mm, &
TR TR RRIE X, KISk T 2P0l
i, Ve, RAREGERIE™E, B RRRID
VO MR W) 22 R R IIF 5T 32 B4R TP 7R RE R R 4
?[—E[ZS’ 24] . *E%B:/%[ZS—QH *H}%iﬂimg[%’ 29] %ﬁﬁo
285, CEERRWH L, LTIEXTEMRID
VLR R i Fh & AR RS E T ik =
T HIEHEAFL R IO VD AN [F] PR 55 2L 2006 X I =F
B B AR X E R O T RS AR 2D

FRATTHE X H ] S VB S A B R A A A S
&, AR ERE TR, A MITERLGE A
SRHB PRI R | A DX R R AR ) o A R4 ARAR R
JRIL VD M 3 R Bk S A, FAR R AT A BIF 5T 4
JLO S R BRI D b AV L, TR
JRAC VD b DX ER ) B o3 A AR S 1, WHZ X U )
Yrh A= A (R A3 A A% Jmy 5 R B AR 1 Ok Rk AT
5%, ISR ERHR DV 1) Fh = 5 A% = 1

FHE,
1 RS

1.1 HREHR

BRI 70 #i (41° 417 417 ~ 45° 12" 15" N,
116°25'33" ~123°42'52"E ) fif T # Bl 5 J5 1] [N 52
e R U A, R E A 57451 km?' | ik
87~2014 m, J& T KBkt Z WA, 23R 5
VR I U0 %3 BRI U b B A S TR
SRR K R Ay A TR DL A
1.2 YIMSHEERS

S (NS R ) 5 Sk, R R
B30 A Bcs . R B AS B R G ArcGIS
10.2, Z5BFHRID TS A T = R A ( DEM) FiAT
DX RIH A (O HH R B 1 0 2 B) BOHE 2 3R ),
BRI VD 1 X 3k 4 4324 1251 4~ 0.1° x 0.1° f) ¥
¥, SRIGTERIRID TS ML DEM |75 36 WIA% A8 45
ANRORE RV IR TE FRL . B 45 W ol A L s A B
Wi, TR 0T B AR AR R AR (A, A3 X
SRR R
1.3 SiR#HE

TEHUYIRR 4 5 B A3 Ak e 5 A RS i
FARERMER 10 MR AE IR %, AR RN
KAEF AR R F RS, KB FadE 414,
RS PRZEHE (AET) | AEREK & (MAP) | 1%
THHEEL (M1 Rk 535 8 (WD) 5 BeE N {145 6
A AEYEEE (MAT) | 4R 54 A #R (MTCM) |
AR R B (MTWM) | AF ¥ 38 78 28 /i
(PET) . SIBAE#2% (ART) FI'<l H %% (MDR)
Hrfr, PET 1 AET M\ Br A b BF 5 1% 75 /)N 4 A< A
BE 2 (nttp . /www. cgiar-csi.org) (4 0.1° x
0. 1°) RI; HARS AR M T A Ei s 190 3 45
P& % ( http./www. worldclim. org) (45 & 0.1° x
0.1°) 3KEL, MIHE TR Ml = 100 % ( MAP/
PET-1)""" WD WJi+8 )57k k. WD = PET -
MAP B~ 9 & 5050 S A5 B8 LA H: P9 38 i A 8508
S BIE TR,
1.4 XERRME

FHFARAG [ ( Elev) | BN MEAK B S0 55 5 1
R AR BT S I MR B AR HE R 2R U0 v %k
TR R ( DEM) IR T3 (45 M0 P9 o s i
S Rz 2) KE N 0.1°x 0.1°, S5tk



79 L7/ S

536 &

<o

01530 60 90 120

FoOTIRE (C)

FULERERE &

2K R (mmD
" [ ]<380

[ 381~ 400
I 401 ~ 420
[ 421 ~ 440
I 441 ~ 460
Il 461 ~ 500
Il > 500

01530 60 90 120

HRIERE

[ 601 ~ 1000
I 1001 ~ 1400
I > 1400

1
Fig. 1

K12 RMAT Fl RMAP 43591 3 4E ¥ [ 7K ( MAP)

FAE 257 i B2 ( MAT) B9 35 B, B & A4 A A% 9 Y
RMAT = MAT, . — MAT ... RMAP = MAP,, -
MAP,. .

1.5 HEHH

Pl = RO 5 4 A U A ER [l 09 3 B )
W2 HIEZS A AT K B . i FH — oo 2k ik [ml 15
(S 2 TR 73BT ) 230 B DX o 2 B S 4
G MRACER, DU R R I U Y R F
FEWT AR RE | AR A 23 (8] 3 A RS SRy o R X Sl ) Ao
FEESTRNZ . SR R T —u gtk ]
AT, LB E W0 F 5 S AN R BR 58 IR & A 6
Ao XF—ICEAE 115 73 B 22 B 3 A RE R I T
K3 PR R AR 85 S5 o P 2 ) 0 A I 1) e 4, 5 T
I PEFE SR B RE 1 X~ MK 23 [R5, SR T7 2293
fige R B E K 23 A BE 1 (K1 X W ol =R & LA SRy S i
IR/IN, BRI 1) 2o 49 R A 2R 58 S TR P A
BB EAT J7 2200 Fr .l o 5 22 2 R AR 3 4
PR Wk = A R R e A A DL s o
Mr#4 R F R3.5.0 58,

BERID D
Horgin Sandy Lands

2 R

BRI T EEEZTESTIED
FERIO Vb A 9 33t 4 115 B 1030 Ff, H
wh, FARHEY) 89 BE 912 B, AKAMEY 37 Bl 118
o WdE 21 9 NEA. 45 F (Asteraceae) |
RAFL(Poaceae) , ¥WHLFL( Cyperaceae) . A}
(Fabaceae) . BEFF(Ranunculaceae) . #% 4% Fk
( Rosaceae ), H & #t ( Liliaceae ), Z #t
(Polygonaceae) . ##}(Chenopodiaceae), iX 9
FHEY) 5 SRR 54.08%

XTRPRID TS M) b 5 B 5 PR AR i 10 G Rtk
gt atr, @R ER (R ), BURIDD HARE R
IKITE 286 ~460 mm, J& T2 T 52 i ik JE X
AEVETE ZE AR S 900 mm, 4E ¥R -0.98 ~
7.36°C, SMeHFEHAW RS S, &
iR, s AR, RORHEZE . FHIRE . BT
ZEHCE S A2 R RO R (R 2)
YRR SEPRZERGE . WIEIE R S R 1
W R MR (R 2); MiHEAH

2.1



%6l

FHAE BURID U ALY R0 B AR R MO SR R 797

1 BRI EEESHRETENXR

Table 1

Descriptive statistics for regional species richness in the Horgin Sandy Lands and

environmental variables used in this study

PRI A R iy fe/ME PrifEiR2E
Environmental variable Max Mean Min SD
7 % = B Species richness 612 279.60 100 4.27
ihI2 E % Geographic variables
MR Altitude (m) 2014 641.86 87 9.21
2% Longitude (E) 123.67° 120.07° 116.47° 0.05
i Latitude (N) 45.15° 43.42° 41.75° 0.02
7k 4B F Water factors
AEHFEIK R Mean annual precipitation ( MAP, mm) 460.11 339.79 285.97 0.83
FBE 45 %4 Moisture index ( M/) -94.31 -96.20 -96.89 0.01
SPRFEHE Actual evapotranspiration (AET, mm) 473.62 356.06 305.76 0.82
g2 EF Energy factors
IR E Mean annual temperature ( MAT, °C) 7.36 4.86 -0.98 0.06
WTEZE i Potential evapotranspiration ( PET, mm) 993.22 900.19 714.55 1.88
A H #1iR Mean temperature of warmest month ( MTWM, °C) 29.20 27.32 21.43 0.06
% A iR Mean temperature of coldest month (MTCM, °C) -16.83 -20.19 -25.91 0.06
SR H #:9% Mean diurnal range (MDR, °C) 1.40 1.29 1.19 0.00
SIRAER% Temperature annual range (ART, °C) 50.02 47 51 45.34 0.03
JK4y 5 il Water deficit (WD, mm) 676.50 560.39 308.84 2.09
41E R B4 Habitat heterogeneity
33575l Elevational range ( Elev, m) 855 197.05 6 5.59
AERR K G Range of MAP ( RMAP, mm) 8.5 1.94 0.08 0.04
AEIR R JE R Range of MAT ( RMAT, °C) 51 10.38 0 0.30
F2 RRLDHAS . BEEETSHIERE TN
Table 2 Correlation analysis among water, energy, and geographical factors in the Horgin Sandy Lands
K4y BT A EE T 7 4 5373
Water, energy, and geographical factors Longitude Latitude Altitude

7k 43 B F Water factors

SEhrZE U Actual evapotranspiration (AET, mm)
HBETE % Moisture index (M)
AEY %K B Mean annual precipitation ( MAP, mm)

sk =

it 2 & F Energy factors
A 3 Mean temperature of warmest month ( MTWM, °C)
% A Y33 Mean temperature of coldest month (MTCM, °C)
SIRAF# % Temperature annual range (ART, °C)
SR H %24 Mean diurnal range ( MDR, °C)
AEHIRE Mean annual temperature ( MAT, °C)
W IEZE B Potential evapotranspiration ( PET, mm)

0.357(US) **
0.332(US)
0.377(US) **

0.778(HS) **
0.612(HS) ==
0.390(US) ™
0.566(HS) **
0.738(HS) **
0.693(HS) **

0.150( US) ™
0.070(US) ™
0.153(US) ™

0.027(HS)
0.157( =) ™
0.432( +) ™
0.136(HS)
0.718(-) ***
0.049( =) ™**

0.206( US) ™
0.504( US) ™
0.214(US) ™

0.950( -) **
0.575(-) ***
0.175(US) ***
0.526( HS) ***
0.867(-) ™
0.786( -) ***

TE: wex P <0.001; “—"FORBIHER; “+" FOR PPN “HS” FoR B F WM W25 “US” FRoR e 1 1 — kil 2k

Notes: =#x P < 0.001; “

U-shaped.

Prik, AR WAERBUE S | iR E DU
XK(F2, P<0.001), [, BRIV FIEE
JES 2 A R ) R IR OC R, BB 48 B 1 3
R EE R TG LR (E 2, a, P<
0.001); 54 XMEMM (K 2. b, R® =
0.0323) ; BHRIL TS bWy Bh 3= 5 B B g 4 T 15 348 Wit

=" represents negative; “+” represents positive; “HS” represents hump-shaped; “US” represents

FIF(E 2. ¢, P<0.001).
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Fig. 2 Regional species richness trends in the Horgin Sandy Lands along with longitude, latitude, and altitude
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Fig. 4 Relationship between regional species richness in the Horgin Sandy Lands and habitat heterogeneity
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