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Figure 1 The variations in Pearson correlation coefficients between the original distance matrix of the species composition and the binary matrix of
k-means clustering with different numbers of clusters (k) in pre-experiments. A: The results of the first pre-experiment based on 2,034 shrubland
communities. The vertical dashed line indicates the number of clusters with the highest value of correlation coefficients. B: The results of the second
pre-experiment based on 1,119 shrubland communities. The vertical dashed lines denote the numbers of clusters with the first three peak values
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Table 1 Typical shrubland alliances in northern China
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Figure 2 Geographic distribution of typical shrubland alliances in northern China
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Figure 3 Relationships between habitat conditions and community structures of typical shrubland alliances in northern China (See Figure 2 for the
corresponding shrubland alliances represented by different symbols). The error bar denotes standard error. The solid lines imply significant

relationships (P<0.05)

M33%, T EEATHI- AR 55 B AR, 20 0N
6%A112%. DA LA SCRI 3 (R S b E MR BAS b
SIS FH A HE NI SR G5 2250 WE N BN RR IR, A2
R, AR T BUIRIL 2191%, 1 HAUH
W, HEEBN AL, EE RN BRI
th, LK ST TR R ON0.8, W Y B A
ZRUN, P ATR S 4 G250 R AR T HEA.

AW T HE 7 R R 5 b R AR B 22
SO, BR TR SR N BE NS, AT
FORE R 7 R A T T b R R R iR &R B
K2 RIUAE TR NPTk i RV L G2~
VEARAIERY, o E AR AR e L3 BEE VA O e,
EAHIT R LA ERE M. RSP, o [ AR DR A7 2
JUME N~ /NP 38 L VRE M (79 5 5 o I R A0 1 o ) )

353



TRk A v [ b7 SRR AR AT R AL S A PR 1

F2 P EACRREARE RO SR SNSURFE

Table 2 Species composition, habitat conditions, and physiognomic characteristics of typical shrubland alliances in northern China

.. ekt FRFCPE WIRGR e 1na) . b HARZE AR BEARE RBEARE
RATR ; T %>HZ >309 i b ° oy o
HERGH WP AR %>60%) B RN (60%>0T % >30%)  WER(m)  BEE)  HEYe) BREm) EFECR) BERE)  EFECH)
IRUEHIEEAN  100% 100% —208~1111 0~0 - 0.4~0.7 22~63  0.3~0.5 5~9
HUEREN  96% 58% 1083~1459  0~31 0~317  03~2.5 17-90  0.0~1.1  1~60
~ i=Rvi0]
ﬁiﬁzg) L 1o0% 78% 514~1748  0~40 0~332  03~2.0 15~80  0.0~0.7  2~80
53 RS
£ ggi%) L j00% 70% 698~1908  0~35 3274  02~1.8  10~68  0.0~0.6  3~82
kT, BRI (Rhus
LE-S N 100% 61% chinensis), )5, 1R AR 273~1150  8~42 3287  13~2.7 7595  03~09  15~89
Quercus variabilis)
BAKE 7, 5 MR(Quercus mon-
TRHEA 100% 72% golica), BZ5(Rhamnus davur- 108~1266  0~40 7352 0.8~2.0 30~100 02~09  5~88
ica), ¥ (Rosa davurica)
i iroa-
S 100% 36% jﬁ%ﬁﬁi?@g@fim VA 4922330 2~48 15~331  0.9~3.8 50~100 0.1~0.9  5~90
YO IEHE 100% 78% T 1062~2342  0~38 0~351  0.8~2.5 26~100 0.0~0.7  10~95
PEIEEN  100% 63% FilES R 178~986 2~57 16~333  1.0~3.3  46~99 0.1~1.7  1~84
HEARIEN  100% 100% —169~1204  0~0 - 0.3~0.6  16~44 - -
EHATEAN  100% 100% 498~1357 0~0 - 0.6~0.9 46~64 0.1~04  6~42
WHETHEAN  100% 44% 4B N (Rubus crataegifolivs) — 98~1496 0~35 4~333  0.5~1.8 14~83  02~1.0  17~99
ﬂ%?&gﬁ t 100% 42% SHRUGLA, I, SRR 255~1405  11~43 17~307  0.5~1.7  29~96  0.1~0.7  8~73
SPUHTIN 100% 52% aw 838~1451 0~15 0~298  03~2.1 10~49  0.0~0.6  0~30
REBETHENL  100% 62% LRESLN, AL 748~1841 5-35 0~353  0.5~1.8  30~100 0.1~0.6  5~85
E 1
LA E L 100% 54% 4 XE“%Z? 314~1750  0~42 27~350  0.3~2.8 16~80 02~1.0  10~80
(Lespedeza floribunda)
AR YN 100% 46% BB (Salsola passerina) 653~1691 0~25 17~352  0.1~0.6  10~48  0.0~12  0~55
SIEE L
N a1 (Spiraea al-
*Téﬁﬁ% 100% 43%  pine), FRER 3368~3689  14~40  70~324  0.1~0.5  30~83  0.1~0.3  10~49
- (Salix cupu-
laris)
BHRIBGEN  100% 68% 928~2281 2~48 0~334  0.8~29 30~98 0.0~0.5  10~90
BEHIE N 100% 100% 1046~1460  0~30 68~299  1.8~23  15~58  0.4~09  1~85
JEBHEN  100% 100% 1177~1680  0~5 0~284  1.5~22 26~68 0.1~1.4  20~88
HFIREEA  100% 44% TOREL, TR, % 164~1492 0~40 40~329  0.7~22  20~93  0.1~0.8  5~88
meyZ YAy
ifiﬁ”}f% 100% 52% 535~2350  2~38 0~354  0.5~2.0 20~95 0.1~0.5  15~80
W iERR -, SEIE(Daphne
FRHFHEN  100% 26% JRART genkwa), # ).k 719~1590  9~45 0~345  0.5~1.7  30~95 02~05  7~64
(Leptopus chinensis), 8.4
R GER
—%g’f% 100% 54% ¥ %% 335~2178 2~69 0~320  0.5~34 20~95 0.1~0.5  5~90
-
H Eﬁw” 100% 100% 1260~1528  0~0 - 0.8~2.0 20~49  04~0.8 21~49
TEAIRE 100% 100% —2~22 0~0 - 0.7~2.1  30~82 04~14 17~36
I 2 HE N 100% 62% A 115~1170 0~46 11~340  0.5~2.5 20~100 0.1~0.9  5~91
FRACHE 100% 40% % 1B K (Grewia biloba) 101~1307  0~51 10~340  0.5~3.0  15~95  0.1~0.8  5~86

a) T TS O R SR B 58 2.5 T X LB 9754 F 43 Ar 4 b) IEALTT IR D900, WIS 5 e 48 0. 3 B D9 0° I A A e
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3 JRIBEERTE5E—PRSE “HRFH(CCALA
CCA2)[MM KR

Table 3 Correlation coefficients between climate variables and CCA1
and CCA2

CCAl CCA2
1437 (Bio 1) —-0.03 -0.92
HEEFEAEBIo 4) —0.41 0.06
B4 ZER(Bio 11) 0.16 -0.72
&K (Bio 12) 0.86 —0.28
Rk ZEFTHE(Bio 15) 0.23 -0.13
R fFKE(BIo 17) 0.45 —-0.29
SR K BHER ST (MSR) —0.60 0.04
EKIEEMVP) 0.43 —-0.79

F 4 JERF RIS DR B L S AR R R BT A — A —
HEFHI(CCATHICCAR) - B17543 1156 22

Table 4 Correlation coefficients between leaf functional traits and
average CCA1 and CCA2 scores of indicator speciesa)

CCAl CCA2
log /-5 /& —0.63"" -0.32
loghb I i 071" 0.44"
logttFY & & 0.19 0.05
logt L & & 0.24 0.29
loghtfif & & -0.14 0.13

a) *, P<0.05; ***, P<0.001
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ORI 73 il s S BEE N K, ASHIE STy B HE A
HEREA LRSS P EBEG KR W, Hibl
1 7 PR eb AR BRI SR A HE AR e fi
MATH SEREMIREI. v [ 1 DL s 9 i e ST
LERENROSR A, BlansR xS JLHEN . MIHE RIS 2
SN, (EAH TR R s B AR B 1 KT
BEA, T2 ANBR ALK W PR A TE BOBE AR, o A
MRILIIF 2 BRI, AW FURGRI 6 . IR X 73 Ik
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T AL 1)t A 2 B A1 (48 %) T ELA 35 P IS 7E P

H RN IR RERL b, 5% SRR HON 18,
DA SCIN g, 0 2% HE M USRI 2% D BT 35 ol )
IAEAY AL i BRI 2k BRI B
PN SR I A [ R (G AR
79%), (EALH BTSN T IR, 7R 4035 R 5% IR R A
DN, TR A 30 S 1)~ 4 i B LU AR VP340 4E 2.9,
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HEN . RIBBMN(Tamarix hispida)#EN 50438 (Calli-
gonum mongolicum)E MNZEFEHHE N DL R BR A
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ca)ENGET =y LLEE MR tedb, 5 B R P DL &%
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lata)#EN . - 05F (Elaeagnus umbellata)#EN . % L
(Zygophyllum xanthoxylon)¥EN . 4> §&M¥(Dasiphora
fruticosa)FENTE. HI, A TEIV RS A+ E
CTTREN 3 Bk 5, 3B T EHE— DA A VR B Ah
A
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Figure 4 Ordinations of 29 typical shrubland alliances in northern China. A: CCA results. Table 3 shows the corresponding variables represented by
red arrows. Points with different symbols denote sites, and the coordinates of the abbreviations signify the average locations in the two-dimensional
space formed by CCA1 and CCA2. Error bar means standard deviation. B: Ordination of alliances along the first axis of CCA (CCA1). C: Ordination
of alliances along annual precipitation (Figure 2 shows the corresponding shrubland alliances represented by different symbols, and Table 1 shows the
corresponding alliance names represented by different abbreviations. Some abbreviations are not shown due to overlap). The dashed lines in (B) and
(C) denote the approximate dividing points for the gradients of water availability. TDS, temperate desert shrublands; TDBS, temperate deciduous
broadleaf shrublands; StDBS, subtropical deciduous broadleaf shrublands; SaEBS, subalpine evergreen broadleaf shrublands
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Figure 5 Relationships between the average CCA1 score and leaf thickness (A), the average CCA1 score and specific leaf area (B), and the specific
leaf area and leaf thickness (C) for indicator species of different shrubland alliances. The solid lines denote significant correlations (P<0.001) (Figure 2
shows the corresponding shrubland alliances represented by different symbols)
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Distribution patterns and climate limitations of typical shrublands in
northern China

GUO YanPei', GHEYRET Gheyur', LIU TongYan', ZHANG YiWei', KANG MuYi’,
MOHHAMOT Anwar3, LIU HongYanl, MA WenHong4, WANG RenQingS, YU ShunLi6,
YUE Ming’, ZHANG Feng® & TANG ZhiYao'

1 Department of Ecology, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China;
2 College of Resources Science & Technology, Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China;
3 Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumgqi 830011, China;
4 School of Ecology and Environment, Inner Mongolia University, Hohhot 010021, China;
5 School of Life Sciences, Shandong University, Jinan 250100, China;
6 State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China;
7 Key Laboratory of Resource Biology and Biotechnology in Western China, Ministry of Education, Northwest University, Xi'an 710069, China;
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Shrublands are typical vegetation types in northern China. Their areas are continuing to increase each year not only in China but also
worldwide owing to the intensification of global change, and they are becoming increasingly important components of terrestrial
ecosystem carbon cycle. Exploring the distribution patterns of shrublands and the underlying driving factors is necessary to
understand the adaptive mechanisms of plants to habitat stresses as well as the influences of environmental changes on vegetation
dynamics. In this study, we classified vegetation types with k-means clustering, explored the factors governing their distribution
through canonical correspondence analysis (CCA), and analyzed the relationships between climate and functional traits of indicator
species, based on the field data of 2,400 shrubland communities across northern China. We classified 29 typical shrubland alliances
with considerable differences in geographic distributions, habitat conditions, and community structures. The mean annual
precipitation was positively correlated with average species richness and plant coverage of each alliance. The first two CCA
ordination axes (CCAl and CCAZ2) represented water and energy availabilities, respectively. Shrublands from northern China
exhibited two gradients, namely, along the wet-cold to dry-hot gradient and along the cold to hot gradient when water availability was
relatively high. The leaf thickness and specific leaf area of indicator species were negatively and positively correlated with water
availability, respectively, indicating that water conditions regulated the trade-off between leaf functional traits. These results suggest
that water availability is a more important constraint on the distribution pattern of shrublands in northern China than the energy
availability. The water availability could not only affect community structures but also select for adaptive dominant shrubs along the
leaf economics spectrum to determine shrubland alliances. This study reveals an ecological process that shapes shrubland distribution,
and our classification of shrublands could serve as the foundation for a more comprehensive classification system for shrublands in
China.

community classification, community ordination, geographic distribution pattern, water availability, energy
availability, leaf economics spectrum
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