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ZME Bl BRBD KAW EHRE Fam O KIER
("0 MO FP B0 U A5 AR E L SR = /TRl K 2EMRAA B, AR E 0710005 *JAldbll 2 AR S ik i e,
JufaE 071000; *yTdbgll KFAaRl2= 4B, Wb 071000)

& E iz A X 48 s A (TWINSPAN) #r Bk #4 % 555 3¢ 2 4 (DCCA) % 7 Sk 2 & 07 7
B EFENRPRRAMDBEELQTEAREA TR EREN, EFNRFRRAMEY
BETX NS LA HHM+RELE+LELHE N+ E T+ ESEBERE #
HHEE+ B L EBRE FEGEF- SN ERE LT+ ZR2E4 9 -STFE+H AL E£5
FH E A - F+EEFLF-HA T EERE A+ L -FA+ LR 3-8 R+
He S+ EMERE A+ A R+ T M- B4 et 8 4+ EA Y, DCCA ik
AR AL ERDPRYHEFNRP X RRA AN HES QAN ETEDF T BE AL
EHFRETHMERT TN 34.02%, %, L EF F 15.67%, #F EF 5 10.05%, = [
BTk 6.00%. E4EHTFE N ELEH230%) , LEMMBETFHZELIEHRKL
(0.93%) , 13 A0 6 B F = X EAE A &/ (0.16% ) .65.98% = e AL Bty 3 2+, ¥T &b
VA B T R A 2 XA A B B b R A 3R 4R R S A Tk

KB AL B W8 Mk BRSBTS AR

Quantitative classification of natural plant communities in the Saihanba National Nature
Reserve, Hebei Province, China. QIN Peng-yao', YANG Hui-juan®, JIANG Feng-ling’,
ZHANG Shu-bin', TIAN Xiao-min', HUANG Xuan-rui', ZHANG Zhi-dong'* (' Hebei Province
Key Laboratory of Forest Trees Germplasm Resources and Forest Protection/ College of Forestry, Agri-
cultural University of Hebei, Baoding 071000, Hebei, China; >College of Garden and Tourism, Ag-
ricultural University of Hebei, Baoding 071000, Hebei, China; *College of Life Sciences, Agricultu-
ral University of Hebei, Baoding 071000, Hebei, China).

Abstract; Quantitative analysis of the relationships between the distribution of natural plant commu-
nities and environmental factors was studied using two-way indicator species analysis (TWINSPAN)
and detrended canonical correspondence analysis (DCCA) methods, in the Saihanba National Na-
ture Reserve in Hebei Province. The results showed that the natural plant communities in the
Saihanba Reserve could be classified into eight types, i. e., Sanguisorba officinalis + Carex
heterostachya + Trollius chinensis community, S. officinalis + Elymus sibiricus + Geranium platyan-
thum community, C. lanceolata + Ophiopogon chingii community, Spiraea pubescens — Tripolium
vulgare community, Armeniaca sibirica + S. pubescens — T. wvulgare + C. lanceolata community,
Quercus mongolica + Betula costata — Lespedeza bicolor + S. pubescens — C. lanceolata community ,
Betula platyphylla + Populus davidiana — Corylus mandshurica + Rosa davurica — Phlomis umbrosa
+ C. lanceolata + Thalictrum aquilegifolium community and Picea asperata + B. platyphylla — Rosa
davurica + Salix taishanensis var. hebeinica — C. lanceolata + Commelina diffusa community. DCCA
analysis indicated that slope position and soil nutrients were the main influence factors for the spatial
distribution of natural plant communities in the Saihanba National Nature Reserve. Topographic,
spatial and soil factors accounted for 34.02% of the variation of species pattern. Of the variation,
soil factors accounted for 15.67% , topographic factors 10.05% and spatial factors 6.00%. In the in-
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Science Foundation of China (31370636) and the Special Fund for Forestry Scientific Research in the Public Interest (20150430304 ).
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teractions among all factor combinations (2.30% ) , the interaction between soil and topographic fac-

tors was the largest (0.93%) ,

and the interaction among soil, topographic and spatial factors was

the least (0.16%). The unexplained portion accounted for 65.98% of spatial distribution, which
might be due to anthropogenic disturbance or interspecific competition.

Key words: plant community; TWINSPAN; DCCA; environmental interpretation.
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PRIRHE RIS H oA 1) 32 5 285 7 SO &
AN I B R 7 ] DL o 038 SR R A 4%
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(Rosa davurica) . IIT (Armeniaca sibirica) (11T T
(Malus baccata) 55 ; % 5 X ) i 3= B AT HoHi ( San-
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thum) | P% £ M & 5 ( Carex lanceolata ) 18K 22 %1
( Ophiopogon chingii) 5.
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5 mX5 m, AN 1 mx1 m. 7E RIRMRBESR | H
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Fig.1 Study area and distribution of sample patches in the

Saihanba National Nature Reserve.
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FAb, HAa e SE BRI 2 | 3 A5 R - B
FERE(11x38). L4 10 mx 10 m 43P 3 04 500 v A
RI(DEM ) %4l Ry it 38 i b O A7 & 48 22 (topo-
graphic position index, TPI) #F 17 3% 17 (% =K B 1 43
% .1)F-H1,-0.5SD<TPI<0.55D , ¥ JF >5°,2) I14¥,
TPI<—-1.0SD;3) ¥, -1SD<TPI<-0.58D;4) H¥¥,

x®1 FREEFHEERESRIGS
Table 1 Selection and identification marks of environmen-
tal factors

WA T (]
Environmental factor Code
HHEHF 3 pH Soil pH S-pH
Soil factor T HEA PR Soil organic matter (g * kg’]) S-OM
L5 Total phosphorus content (g - kg™") S-TP
25 # f Total nitrogen content (g « kg™") S-TN
2R Soil depth (cm) S-Dp
AL 1 Altitude (m) T-Alt
Topography B Slope (°) T-Slo
factor Wi Aspect T-Asp
A7 Soil position T-SP
Z[HAF Z:J% Longitude Lon
Spatial factor i Latitude Lat

-0.5SD<TPI<0.5SD , 3% ¥ <5°;5) L3%,0.5SD<TPI
<1SD;6) 1%, TPI>1SD. H:rf, SD g TPT 54B484%
TG e PR bR o 2511 Bt 25 500 O 386 o, 38 437 7k 5 3
L1 T3 A TRASP ( transformation of aspect ) 5 FCR A
D5 WS 1) R4 R 0~ 110172191 TRASP $i5 s
K, FRHE Ty A BB # e B 3 0 AR R dE I R
30°; 1 ARE R PE 30°. 3B AUWF .
1-cos[ (m/180) (aspect—30) ]
2

A s aspect FETT B3 M) 7 60 A

Je Xt R YR VE () Rh-BE AR B ) 1T TWINS-
PAN 43251 DCA HEF, X143 Hh A W) 9 2510 | P4
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(R,,) A5 (A DA 7 F L A7~ 52 B AR AR 0 (R )
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PR s (] - AR R A R s R EE R
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WinTWINS 2.3 5€ i, DCA Fil DCCA HE/Fi# i Cano- lictrum aquilegifolium) Mt 38 3k 3¢ ( Vicia unijuga )

co 5.0 5T K.
HERS5H

2.1 RIRFEDRET YL L

FEPHA Y 38 S BEHL T L 5% 360 N IF, 4y
J& 54 F1.196 J&. b Fr K 16 B K 45 Bl REA
299 Ff BRI FR 5 16.4% , RAFF Y 9.7% , 3 kAL
hi 8.6% , SR} i 6.1%. Mt TR0 5070, J&@ 1Y 4r A
X EL, EEIRAER (13 ), ZREE (11
i) B RE (10 F) &8 (3R 2) = FE2EE
FREEEBR WY A SR g R
BHELA A LB B S R AR ( Tha-

2

Fgk 22 4
2.2 MY ISR o

TWINSPAN &3z F B (IE 48 - Fh) 1943
PR RN S FETE 2T FE i 4TI LAY Fh-BE B 1Y
HEHHF (360%38) ﬁ%mﬂ,h%ﬁi%ﬁ%ﬁ
0~0.1.0.1~0.2.0.2~0.4.0.4~0.6.>0.6, 3t 5 % %
JE AN B B KPR ECH 100, 5 K 20KFEH 6,43
F R TP BEAN U/ IMER 5 (<5 WIASFR#EAT
A5 BRI R RIE RO 7. R
it TWINSPAN 1555 4 2K F R
SHTEL K 38 ANBEHAM LT 11 25 (&l 2).

DCA HE 7 il E 0% 1R 1 b 52 e — 58 10 A= 2506 1

x2 EFNAARPEREIZEDSIT
Table 2 Statistics of main plants in the Saihanba National Nature Reserve
B & i ER17] I i EA (7]
Family Genus Species Percentage Genus Species Percentage
258} Asteraceae 29 59 16.4 =8 Artemisia 13 3.6
ARAFL Gramineae 19 35 9.7 LW 3R Potentilla 11 3.1
Witk Al Rosaceae 15 31 8.6 BHEE Carex 10 2.8
F B} Leguminosae 7 22 6.1 Wi G & Vicia 7 1.9
JBIERL Lamiaceae 14 19 5.3 24 )@ Lonicera 6 1.7
FEEF Ranunculaceae 9 17 4.7 AR F B Lespedeza 5 1.4
42JEF Umbelliferae 13 15 4.2 HBARIE Poa 5 1.4
VFERL Cyperaceae 4 14 3.9 MEARJE Betula 5 1.4
H4F Liliaceae 8 12 3.3 HE Polygonum 5 1.4
Z 5%} Scrophulariaceae 5 12 33 5,3 J& Aconitum 5 1.4
ELys Polygonaceae 5 10 2.8 YLYEN & Veronica 5 1.4
HEARL Betulaceae 3 8 2.2 FEWLEJE Roegneria 4 1.1
HAFL Caprifoliaceae 3 8 2.2 HEEIE Ligularia 4 1.1
+F4EF}; Brassicaceae 6 7 1.9 HIFJ& Cotoneaster 4 1.1
A48k Caryophyllaceae 5 7 1.9 LS8R Pedicularis 4 1.1
B3t Total 145 276 76.7 B3t Total 93 25.8
D, | N=38
D, |N=22 D, [ N=16
D, | N=11 D, | N=11 D, | N=12
D, | N N=6 D, |N=5 D, |N=8
14

5 30 81 (o [27] |20] |22 |00

7 37 2o (35| |2 | B |

18 38 2% 17

0011 0100 0101 0110 0111 100 1010 1011 1

2 KRR 38 ANBEHLAY TWINSPAN ZrZSH iR A

Fig.2 Dendrogram of TWINSPAN classification of 38 sample patches in the natural plant community.
1~38 7052 38 A BEERL 1-38 represented the 38 sample patches, respectively. R [fi] The same below.
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Fig.3 Two-dimensional DCA ordination diagram of 38 sample
patches of natural plant communities in the Saihanba National

Nature Reserve.

DCA HEJ7 Bl 2 iy BB RERE 1 M 13.75% , Hh &
3ATLIE , R IEAE TWINSPAN 156 3 9
YA R B (K 3) AH T JE 3 2 [a] (1) % 2L v A S
B By A 2 2 S, R AT v R A 1 20 2R SR R R 558
Irah G L R A 25 5L K 38 A BEH AT 8 AN HETR,
I3

1) Mokt + 7 FE 5 ( Carex heterostachya ) +45 3%
TEREE (C)) AT RER A RE 2.3 .4.6.9,
12 F1 13 RSy ok SR8 & BB A, T2
He B R T2 ( Galium verum) \ZZE ( Polygonum bis-
torta) B8 ( Pedicularis tatarinowii ) . FL ¥ 59 K

P2N

(Agrostis gigantea) . KR E ¥ ( Carex rhynchophysa)
5.

2) M+ i+ B R (C,) A WLHE
KRB A YRV, AL AETES 1.5 .7 Fi 18, F- B35
AFhR = EEMN ( Salix nipponica) a4 ¥ ( Cotonea-
ster melanocarpus ) F14x §& 1 ( Potentilla fruticosa ) , H:
o SRR AR SRS 1 RN 18 b AR, AT g
X BEAS AT T 45 40 A T 5 . A 2 Y R Dy
Hokiy BT B EERL PE A T B KK ( Trifo-
lium lupinaster) 3 B 38 (Artemisia lavandulifo-
lia) \ KW F ( Deyeuxia purpurea) . &R ( Ranunculus
japonicus) JKAZHE (Adina pilulifera) 5.

3) P M HE R+ R 22 FIRETS (Cy) A8 ILHE AR
I REAKE Y EVE ARG BEH 11 16 A1 1748 WL A Fl
ARBHLA it LT TSR T (Lespe-
deza inschanica) A Z BRI MM HAA R DY
FIPERE ke LS A1 ( Dianthus chinensis)
FIBAT R ZEEF S (Stipa krylovii ) , Forfv | B 41 2 55 A

PRk B B AR S PR A AR £ B UK
(Agropyron cristatum) AR IR 7 ( Stemmacantha uni-
flora) 87 ( Euphorbia fischeriana) \BEM 3% ( Viola
variegata ) ACEEHA ( Bupleurum chinense) 5.

4) ZBG5 L4 - YT ( Tripolium vulgare ) BEVE
(C,) : BATHEB XUZ Z54 AL 45 BEHE 10,1922 F0
24 WERZ FEARFF IR BHLA , FEAEF N
ARG AL T ¥ B 2L AR S P , EEAEE
ﬁﬁr%ﬁﬁ%ﬁ( Vicia cracca) BRI E R Bk
L OREM S AR IR AN/ NE B (Artemisia frigida) .

5) A+ LB LA - YA+ M e
(Cy) : BATHERERUZ S50, A AR BEBR 14 21,23 25
126 FEARJZ FEMHEMOTLA MR BLHLA T
LA Ak T B 0 b7, 32 2 1 2R b R KR A ( Ulmus
macrocarpa ) KA 53 5 BN SBI R BRAT s APt
B, FEE A AR RO RS BT 2R B 3% ( Potentilla
chinensis) \ILIF}( Lilium pumilum) .

6) %2 i Bk + i KE ( Betula costata) -TF T+ T
AP E RS (Co) : RA TR E 54
4, ARG BEER 15,2027 .29 .35 #1 38. 7% A 2% EZAR
P o St BRI, SR 5 ORER O3, A
A R LA AR 2R SR AR T A B
Fesy, FEAERCOY IR BRI T 5 AR
Tl it 3 B 2B A Bl O I Sk B8 (Scutella-
ria scordifolia) JWHS & & ( Carex arnellii) | JFEFN 5L F
VP2 (Adenophora tetraphylla) .

7) EIRE+ 111 47- B A% + 1L R BC-HE 95 ( Phlomis um-
brosa) +BREN T & F+ FEAA B REVE (C,) : A TR
AN AR BEE 8 28 31,3233 34 Fil 36.FF K
EEZPHAR A AL, FE ARG R
AN FIAE AR ( Sorbus pohuashanensis ) . A JZ 00 F Fif
BRI B, b Btk R 28 A Ao RIR
TN AL FEAZ AR G TR BB 5 R
JEAN B EBAE ARG BT 5 ( Filipendula palmate) |
R L ( Galium boreale ) FIAKHL B 2K ( Poa nemora-
lis).

8) A2+ EAME- LR EL + TR LM ( Salix taishanen-
sis var. hebeinica ) -P% E1 1 &+ 75 75 ¥ ( Commelina
diffusa) FEV& (Cg) - RA TR G G450, (4% i A
PSR 30 1 37 Te R ZIEHF A m A2 Ak, Kb
T2 HBAH A, FEA M oAb I A FLAE AR HE AR 2
P TAT AT L B 2 . A R A AT Sy B B i
AR, FEAE RO BT R RS NEKE
% ( Saussurea parviflora) F1E$ Z#S L,
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Table 3 Main characteristics of eight plant communities in the Saihanba National Nature Reserve

TR T-Alt T-Slo T-Asp S-pH S-OM S-TP S-TN
Community (m) ) (g-kg™") (g-kg") (g-kg™)
type

C, 1474.69~1844.15  0.85~13.58 0.40~0.98 5.57~6.40 28.63~138.94 0.98~3.20 0.98~9.89
C, 1478.08~1817.29  4.48~11.60 0.44~0.95 6.30~6.45 103.13~166.43 0.21~2.04 1.17~3.62
Cy 1516.47~1836.28  1.66~11.28 0.05~0.91 6.03~6.44 84.05~197.02 0.26~1.70 0.39~3.69
Cy 1710.25~1869.23  2.18~10.58 0.20~0.89 6.23~6.37 98.35~114.30 0.71~1.04 1.58~2.14
Cs 1515.21~1677.05  4.62~17.68 0.10~0.79 5.46~6.35 114.41~161.51 0.63~1.66 1.55~4.54
Ce 1447.41~1668.38  5.47~11.10 0.00~0.95 5.71~6.40 99.21~136.40 0.57~1.36 0.55~1.89
(o 1464.53~1853.60  3.70~14.84 0.18~0.80 5.61~6.41 71.64~146.18 0.83~1.67 1.30~2.94
Cy 1580.49~1856.88  3.38~11.89 0.02~0.17 6.26 34.96~48.89 1.24~1.47 2.65~3.33

C: Hifg+ SR S R+ A R Sanguisorba officinalis + Carex heterostachya + Trollius chinensis community; C, i+ &1 + B H R
S. officinalis + Elymus sibiricus + Geranium platyanthum community; C: P& B +ERZZ BREYE Carex lanceolata + Ophiopogon chingii community ;
Cy: FEBHL - TEE Spiraea pubescens — Tripolium vulgare community; Cs: WA+ BS54 4 - AT + B 5T & S REYR Armeniaca sibirica
+ S. pubescens — T. vulgare + C. lanceolata community; Cg: SRR+ T+ 2 B L 5 - P AT T S AR Quercus mongolica + Betula costata
— Lespedeza bicolor + S. pubescens — C. lanceolata community; C; : P+ A7 - B 4 + L ] B0 T + 3% T - &5 B+ JE AN B RE VR Betula platyphylla +
Populus davidiana — Corylus mandshurica + Rosa davurica — Phlomis umbrosa + C. lanceolata + Thalictrum aquilegifolium community; Cg: z5 2+ I H#E-
LL1 3 B+ AT O -4 e P B+ 5 B VR Picea asperata + B. platyphylla — R. davurica + Salix taishanensis var. hebeinica — C. lanceolata + Commeli-

na diffusa community.

B Y | A A — 2 52
FLARE LI 3.

2.3 DCCA HEFF4r#r

L) T - B e 2 P (360 x 38 ) 1 B4 455 - T B 4F o
(11x38) A HLAl, #-4T DCCA HERF, 15 H ZEZE 0 [ 4R
PRAP X N RARAE DI ETS 5 A5 R (46 5 A 1
KT 4 U RF A 2 238 R F) #9 DCCA HEFP
S5 2 4 TTLAE I, BT 4 SHER Sh B0 R AE (8 2 A
AT LAE 7R 19. 1% B RE % RV Fh o3 A 28 A0 A DL &
39.1% W) Fh 5 PR A 1 OC 2R SR R IE K 55 ( Monte
Carlo test, fEFRIREL n=499) Wow, BEVE M IREE 1R 50
1 HEF Sl (F=1.6,P=0.008) FIFT A HEFE &l (F=1.2,
P=0.002) Y177 o ARG, R DCCA HEJP 45
SERE I, 0T DA Gy b it R Vi 43 A 5 BR 5% R[]
R,

R 11 BT AS 5 DCCA HEF il 4 40 56 1
SIFTATEN (SR 5) &8 AL S S i 2R
SEMYAIE DCCA 45 1 Bl 2 A OC, MAHE R 5L
K, T HEFR AR 2 (A7 B He o ZE I A SRR
XN RARMEYIRET 25 (8] 0 AR 1) £ 17 I R 7
RS —EE . AL & & L2 RE M NS

£S5 1NAHRETEE DCCA HFHEERE

DCCA %5 2 BB AHSC R W] L e 1k 3= A .

1 DCCA BEHUHEIF BRIk (151 4) 56 1 fih 2
A s ey g N o R R S VAN RIS
SN R MZRE N TR 5 2 B e T+
JEUREE Sl fn e A ML & AR 8 E R LR A
T HIRZ.

WS 1 BNZEBA, BEE 22 B R
{190 o N | o AN SN K7 H LTSRN
TR V& T AR I P B AL R VR T A SR 24
F4 EFNRPERAEYE LR DCCA HF

Table 4 DCCA ordination of natural plant communities in
the Saihanba National Nature Reserve

s BOUEN 2H H3M H4H
ltem Axis 1 Axis2  Axis3  Axis 4
FHIE(H 0491 0385 0274  0.502
Eigenvalue

Py 0943 0.888  0.930  0.000
Species-environment correlation

PRI 7 2% B A 2 1 57 100 133 191
Cumulative percentage variance of species

data

LB PN EIFEE S e 167 298 391 0.0
Cumulative percentage variance of species-
environmental relation

Table 5 Correlation coefficients between 11 environmental variables and DCCA ordination axes

Lon Lat S-pH S-OM S-TP S-TN S-Dp T-Alt T-Slo T-Asp T-SP
518 Axis 1 -0.500"*  0389** =036 -0471"* 0719°* 0.653"° 0338"° 0114  -0370"" 0270  -0.467""
55 2 i Axis 2 -0.055  -0.236 -0.076  -0388** 0.036  -0.062 0.495**  -0.078 0.080  -0.340""  0.167
55 3 i Axis 3 0.144  -0.304" 0.034  0.249 0.399** -0.124 033"  0.079  -0.060 0.155 0.111

#* P<0.05; * * P<0.01.
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B2 Axis 2

_1. . .
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4 FEFMLYX 38 A KIREWREIE 1) DCCA HEF Bl
Fig.4 DCCA ordination diagram of 38 natural plant communi-
ties in the Saihanba National Nature Reserve.

C, ~Cg N2, L3 3 Community type of C, to Cq saw Table 3.

TR b 3 pR BA 3 S B, AR AR, R AL
/b, SRR B AR R A R T 2T R R A A R
7% BEARTE I L PE B AR R Y BT AR A K
FEPHE 70 R Y BRI 5 BH Y, Bl 1 38 DL & i
Wb, Ak ARSI, LR TRBE RN, e %
(10" WA N 17/ I - O O ORI /<3 1 e ]
AR A DR ES BHE CEHY R Ty
RN 500, RZ R R E M L s
BRI R AP G5 L Y B3 A B
e AT IRR 3R YA YR C, 5 CoAER
IREEHL, (E RV C % T35 40 I 2R 3 . BE TR
Co Rl C, A KRBT AR AR, X 4 58 HILJ | 4 4
R I ZERIE b 5 L, H 2R, Y
LEHEAR | FEAFE P RE TS # /N BV Cg b= TR AR
T BRI S Y RN B
2.4 HEYIBEE 25 800 A0 B 3858 R 200 i

W5 PREE R - XoF S8 2 30 [X R ARAF W % 25 6] 43
AR RERE T 17 A0 T 0, 3 R I 4t
fiff R FE I X R SRAE VR 1Y) 34.02% , KBRS FE
5315 65.98% . HuIE A+ 1 ff B RE 1 R 11.92%,
HA 10.05% R N7 Frg | B A8k ; 3N 1
MIFERERE 1 17.19% , Horp 2l -3 K 7 T o i i 722
ot 15.67% ; 25 [0 [ 10 g e e 1R 7.37% , Herp
6.00% &5 1] K 15 | 36 9 28 £k, ZE 27 300 IX A 45 A
X RIRM YIRS S A ks R g e, R A & 25 R 7
() BRI AE oA AH B 22 (R R A 54 . TR 4 3
T BFE A 1E 4 0.93% , HJE 123 1] PR 1~ A48 &
YEH A 0.78% , =5 [a] Al 4 35 R 7 i 4 & V6 b
0.43% ,3 EIEE 1 L [ AR A 0.16%. 45 R &
B, 3R LRSS PR 2 5 1) 2 25 400 b DX R SR A

HWERET

Topography factor

10.05%
0.78%

’
+ERF =HEF
Soil factor ! p

15.67%

Spatial factor
6.00%
SRRBAERERRSY
Unexplained portion
65.98%

B 5 SEmRE AT B I | SR 2 ) A A S o
Fig.5 Variance partitioning of topography, soil and spatial fac-

tors for explaining community distribution.

YIREIE A I T R, T 3 IR PR T R (A
GAEHIA S =38 By AL [al A HIRHE 7 A Sy L IR 52
My (& 5).

3

3.1 AHWEEE AL R Ay FER BT A R
AWF5E R TWINSPAN 4325 5 DCA HEFFAHSE
BT K FE M X K ARAE RIS A T 8 2.
SE UMb XA P RE VR 16 53 A0 4 Jmy J2 1 R 45 4%
Tl R T2 5V FH B9 45 5. DCCA HE 1T LU - b 36
IRBETE R A 5 R 2 ] Y 56 &, (HJ& DCCA HE
P BEBL A A H A S v TR TR) ) SR BRI DCA
BEHCHE P IR B 12 g R A
TR AW AU E R R SE A
DX A ) B R BB R T 2 s R, 7E b
R v, R L DX R A B R e A R
ST ARSI 5T XA 9 B B AN, IR
FETE S R VE FHASBA S, AT 38 67 AN 38 B8 A 4 T E s i
F X G KA YRR AP A K R G R
AHEPIHETE 5 B A 6 I B 5 % 1 M X S g
M IO AR 22 | REIR I A BT S A K
MBI AR Y A WA BT i R SRR R
A AR TR AR FIE R BV 2o A A LR
YA Y R A BE A HLIX 3 5B | s A TR AR
HENRT bl Ape S Bk R BS LA ML
SR O N E AR ST R, K HE R K
TR 25 (0] 0 A AR RS R TRV 45Ot & B
PR 2 AL/ NI R P 30 35 B8 45 1 TR %
FEVE XA OS2 e o S 3. 3 3R O R R VR O A
M5 —EEHNE AT LR, LIRS T EREZH
DI A AR TS, IR B IS R
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I BB AT AREE , £ HEFR A B 1 X 8k
T AREARRE V. 5% 0 T A A KR B
FLHBAIVE R 2 d5e 2 U e BV S 10 43 A 1) A58 T
T AR e AR R R AR Yy gt
WFFTIAIE T 325 X R o0 A bt e 1 T2

ARMWFFE R I T —AREE T 1 il V5 2 8] o0 A ik
IR ST AR S IS B RGN R R R
WFFEH RV AFL 0 A 7 25 8] 43 A 19 2 5 7. DCCA HE
FPEARBERS LA A R B 24 R W BV MY | 48
23 [A) 455 B HEA TR 5 P 5 G R [B) 1Y) S i 0 T A
B (B 3 T 0 S (0 AR Bl - R B8 50 >R o i iy,
T o4& R B2 7 1 oI iR, e SR I
BhE-IR 8% 56 R 0 it R R R D3 A -4 ) s 25 T
FHRAWFFE.
3.2 HWTFoE

AASTIFFE AT %01, - 43 M A0 2s 6] DR 7oA 4 A
TE 53R R (R ST i R R 0 v 1 A8 LR R BE .
TGS R RE TR s BB e 1, LR 7
A RERE ) B B o, 9B N IR 2, 25 ) R 7 o
. M T 0 - 38 PR 1 MG A e 2 A 400 b XK SR e
TEAT ARG SR Y 28.02% , 25 (R A F i BE T 6.00% , A&
fEREEB AT 1 65.98%. Pk R4 I IR N & X
MR AR 20 A B4 1 i R R B 3 2 P M AR B A AR
PEPRE B A A 2% , PR3 100 W fige R A B ARG A AR
LW 5T i AT A EE SR Tk — i A

xo6 HEEXBETRMHER

Table 6 Vegetation types and explained variation

VT JUARAS P A P HE P 53 B BR 58 PR 5 W RV 0 At
m s I BRIFSE (3R 6) AT LU Y, [l FE B 2R A AT
PR R HE I FR T 3 V5 L 3 S AT SR R AR )
I DK 1) AT i R A R 2R W 0 55 , PR 70.7 % R A )
9.5% , H: v R J5E X ) PR A5 A o E 7 B I LU AR ARHE DA
X5 ZE U, X () K ARAE PR V% DCCA HEF 77
65.98% A BE B M B 0 43, 31X 3 B b DX A7 7 HoAtl
PRI B2, I ZE 22 300 [ SR DR 47 IX D0 AR A A 7
A H AT AL 4 € FE LA B — &84, B
HIPR G X AT A AR > LG ] 0 A2 b 7 it A -
( Pinus sylvestris var. mongolica ) %5 N T hk4370 . ixX g
N ARG T A R 0 A1 0 R AR A R, %R
SRAEWI TR ¥ B RN TR ™ A4 T —E R 15
). 53— J7 T, PR 4P DX ST I, 3 O TR B A
KIRFEWIRETS 5340 T2 SR BR T N TR Aol b S +-
PR EATE T N ISRy, N Rk T KRR
FEP)BEVE 1 B R o A LA A, B4 X P i
WA BNGL, R W R 25 A S A A
X6 N TP A R 7 20 el e SRR A R
KAEB RGN W BT, &2 & ok i
(7 53 A0 AN 2 S IR ] S8 4 MR 3 2
S A R RESE e K SRAF I 95 0 A A% S G SR AR
S IV A A R DX 2R S B SRR AR E
TRHBER S RGR S DI RE Y & 4% | 75 Bt — 20
WESE R IRFE YR 00 3 A At Jmy B e P 1

X3 TEHZEA 75 S i R SCHR
Zone Vegetation type Explained variation (%)  Reference
ST PR R [ TR W 70.70 [5]
Middle and west of inner Mongolia Temperate desert steppe

FA BT I TEHY S B g 69.10 [12]
Songnen plain Temperate typical steppe

AR T I A T AR i Lk P I RS AR 39.16 [6]
Karst cluster-peak depression region, Mulun Subtropical evergreen and deciduous broad-leaved mixed forest

HAR LRI X I ke it 7 A AR 37.66 [17]
Hungou zone, Zhongtiao Mountains Warm-temperate deciduous broad-leaved forest

IPER =10 W2 i LR ZRAR 35.00 [2]
Lingkong Mountain, Shanxi Warm-temperate typical forest

SETILF SRR X TENH RS AAINEIA 28.02 BT
Saihanba National Nature Reserve, Hebei Cool mixed forest and shrub This paper
AR LLAb 3 B TR AR LA 22.58 [13]
The northern slopes of Qilian Mountain Cool coniferous pure forest and alpine shrubs

PHT PR BE A I FAGHE 7K B A S TR R DA 21.99 (1]
The riparian zone of Danjiangkou reservoir Subtropical edgewater typical forest and shrubs

RT3 T A 21.47 [28]
The upper of Minjiang River Warm temperate shrub forest

SR B I X RS S R AR 9.50 (23]

Dalaoling region, Three gorges

Subtropical evergreen broad-leaved forest
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