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Diversity differentiation of invasive plants at a regional scale in China and

its influencing factors; accroding to analyses on the data from 74 regions
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Abstract: A total of 282 invasive alien plants were recorded from 74 geographical units in China, and 11 environmental
variables including climatic and social factors were also recorded. Based on the above data, the geographical distribution
pattern of 282 invasive alien plants in the 74 geographical units and influencing factors were analyzed using Detrended

Correspondence Analyses (DCA) and Canonical Correspondence Analysis (CCA). The main results are as follows: (1)In
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the 74 geographical units, Conyza canadensis, Amaranthus spinosus, Erigeron annuus, Alternathera philoxeroides,
Chenopodium ambrosioides, Pharbitis purpurea, Datura stramonium, Amaranthus viridis, Pharbitis nil, Amaranthus
retroflexus, Bidens pilosa and Eichhornia crassipes are widely distribution in mainland of China. (2 ) Compositae ( 67
species) , Gramineae(32 species) , Leguminosae(29 species) , Amaranthaceae(23 species) , Convolvulaceae( 13 species)
are five main families, accounting for 58. 16% of the total invasive species in China. (3) Of the invasive alien plants,
43.97% originated from Tropical America, 18. 44% from North America, 14. 89% from Europe, 8. 87% from the
Mediterranean, West Asia to Central Asia, 4.26% from Africa and 3. 55% from South Asia. (4) The geographical
distribution of invasive plants in China were divided into three regions ; the tropical-south subtropical region, central ( north)
sub-tropical region, and the temperate region. In the first region, the main invasive plants are Lantana camara, Mimosa
pudica, Ageratum conyzoides, Amaranthus spinosus, Conyza canadensis, Euphorbia hirta, Ipomoea cairica, Alternathera
philoxeroides, Bidens pilosa and Synedrella nodiflora ;in the second region, the main invasive plants are Erigeron annuus,
Conyza canadensis, Amaranthus spinosus, Chenopodium ambrosioides, Lepidium virginicum, Phytolacca americana, Eleusine
indica, Mirabilis jalapa, Alternathera philoxeroides and Bidens pilosa; while in the third region, Amaranthus retroflexus,
Conyza canadensis, Pharbitis purpurea, Erigeron annuus, Hibiscus trionum, Chenopodium hybridum, Sonchus oleraceus,
Avena fatua, Datura stramonium and Amaranthus viridis are the ten main invasive plants. (5) The main meteorological
factors influencing the distribution of invasive plants in China, if ranked as from high to low, are annual average
precipitation, annual average temperature, annual extreme minimum temperature, frost-free days and annual accumulated
temperature, while annual extreme maximum temperature and annual sunshine hours were of little influence. Human
population density and transport density also play important roles on the distribution pattern. (6) The number of invasive
plants increased almost linearly with the increase of annual average temperature, frost-free days, population density,
transport density, annual extreme minimum temperature, annual average precipitation and annual accumulated temperature ,
and decreased linearly with the increase of latitude. The correlation between the number of invasive species and the eight
environmental factors reached a highly significant level, while annual extreme maximum temperature, longitude and annual
sunshine hours have little influences. (7 ) The main environmental factors influencing the distribution of different
geographical elements of invasive plants in China are latitude, annual average precipitation, frost-free days, annual average
temperature, transport density, annual extreme minimum temperature, population density and annual accumulated
temperature , while annual extreme maximum temperature, longitude and annual sunshine hours have weaker influences than
the former eight factors. As for the social and economic factors, population density and transport density both have
distinctive influences on the distribution of geographical elements of invasive alien species. The assessment of invasive risk
of alien plants should be conducted in regional level, for regional differentiation exists in the distribution of invasive species

in China.
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Table 1 List of 74 geographical units and their literatures

2 5 g 2
’E_j HBIX. Areas Eeifriifek Flfj X Areas Reiiri;@:
1 ZRA RN [11] 38 W [46]
2 HHE KB AERRPX [12] 39 WA i [47]
3 U4 G B AR AR X (13] 40 JUARA BN AR B R X [48]
4 JAREEZID [14] 41 Z A i [49]
5 PRI [15] 42 R B A KA X [50]
6 N4 B il [16] 43 ILTRREH [51]
7 JUEAE RN BRR X [17] 44 JTARAE DI [52]
8 M A KU B RS X [18] 45 HHE KA [53]
9 IR A AR X [19] 46 PR EARTIN k2 Y [54]
10 Wb B3kl AR RY X [20] 47 BRP A KT B AR IX [[55]
11 -3 Ceyii= A [21] 48 P ST 3 [ [56]
12 W 4 R B IX [22] 49 WA B a0 AR X [57]
13 M A R HLIX (23] 50 IS B AR X [58]
14 HE B R R [24] 51 LA R F HRMR X [59]
15 BIIRG & B 8RR X [25] 52 ERAERRRINX [60]

16 b LBD AR I ARME A AR AR X [26] 53 WA &4 e
17 TR TP [27] 54 PR E I AR X [61]
18 LA B KB F ARG X (28] 55 TP =3 10 AR X [62]
19 MEHABREX [29] 56 WA E 1L AR R X [63]
20 TR E RIS [30] 57 FadE R A AR IX [64]
21 LA hTM [31] 58 WA R EIDARR X [65]
22 WL B TR [32] 59 ERAEEWEZERLIX [66]
23 IR BRI [33] 60 PR RL RS2 e
24 LA [34] 61 WA RUH LD B AR PR X [67]
25 JoARA LT [35] 62 WL LT [68]
26 EVN [36] 63 b B B AR IX [69]
27 SRR E AN [37] 64 WAL IR H AR X [70]
28 Wi L E AT [38] 65 LTHEBEABTARRY X [71]
29 HEd A LT [39] 66 s3] [72]
30 P A B B AR X [40] 67 LA R T (73]
31 WP A AR I F AR X [40] 68 LD 548 K e [74]
32 WA K E AR X [40] 69 WAL R [75]
33 JURATNT [41] 70 HlERF I [76]
34 Jemi [42] 71 HIREVE T [77]
35 VY T B e [43] 72 THImE (78]
36 P AT [44] 73 FRIRTTAR T B AR X [79]
37 A TR [45] 74 PSS IR A RIS X [80]
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Table 2  Statistics of the distribution of origin of invasive alien plants in China

B JE Hu IS A i Harpl

No. Type of origin Species number Percentage/ % # Remark
D1 Je3E 52 18.44
D2 ARk 2 0.71
D3 RFEEM 2 0.71
D4 b 96 PE T ZE P 25 8.87
bs AR 5 1.77
D6 =371 12 4.26
b7 12 10 3.55 FEAREE
D8 e 2 14.89
D9 R FIED B2 1 0.35
D10 RN KAk S 1 0.35
D11 ety I 3 1.06
D12 Fs T AN IR 1 0.35
D13 Ny 3 1.06
D14 SEBH I RK 1 0.35
pis Al XM 120 43.97 I 84, R MAIRT M 14, 13690 22
Do 2R 2 0.71 ST AN
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74 LI I H B 282 F Ah ok AR R, H BT F A = 1) 43 ) 2 /) K% ( Conyza canadensis, 0. 86) |3
(Amaranthus spinosus ,0.65) ,—4E% ( Erigeron annuus ,0.65) %5 /0> F EL ( Alternathera philoxeroides, 0.57) .+
HIFT ( Chenopodium ambrosioides, 0. 57 ) | [&] M- 22 4= ( Pharbitis purpurea, 0. 54) | 8 F¢ % ( Datura stramonium ,
0.53) B2 W (Amaranthus viridis, 0. 51) | 3422 4 ( Pharbitis nil, 0. 51) | ¥ W, ( Amaranthus retroflexus ,
0.50) . =M %41 ¥5 ( Bidens pilosa, 0.50) JKHR 3% ( Eichhornia crassipes, 0.50) \4#fj ¥ ( Eleusine indica, 0.47) |
iR ( Oxalis corymbosa, 0.47) 57K F] ( Mirabilis jalapa, 0.46) t3EMTT3E ( Lepidium virginicum, 0.46) B
¥k ( Ricinus communis, 0.46) | 21 %i] (Ageratum conyzoides, 0.43) B2 F}( Lantana camara, 0.43) Fl ki E
( Euphorbia hirta, 0.43)

X 282 AR AR FFE T 53 AL, H b &R 8AE 10 # 2L _EBFHE % FL ( Compositae, 67) \ R4 B}
(Gramineae,32 ) . & F} ( Leguminosae, 29 ) | i £} ( Amaranthaceae, 23 ) . Ji€ #£ £} ( Convolvulaceae, 13 ) . i B+
(Solanaceae,12) , K& F} ( Euphorbiaceae,10) , X 7 MFHEF 182 Fhobk AEZFh, 5 B8 64.54% , VAN
AN TG, RIS R EUER 2 W8 43 Bk U8 (Amaranthus, 13 ) A WWE & ( Oenothera ,6) . 7ifi J& ( Solanum ,
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6) . KEkJ& ( Euphorbia ,6) JEFE K& (Lolium ,6) , iX 5 @ILITH 37 #, 5 BARFI K 20.33%
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Fig. 1 The first two dimensional ordination of 74 areas based species distribution data by using Detrended Correspondence Analyses
174 FrAR X W 1

B 1A, 74 A3t AT LUK 2 H By - AT X rp AT G SRR DX IR R X8R 3 R X3, BATTHE
SRR BRI B A — RE R R

PR LR X AR T M 1l (4) BRI 3 WA (20) T AR BN T (40) TR 5 KL
(7) JPEMT(27) JEITRES B B RRIX(15) g R ARG (14) R R H E RS A RRIPX(32)
R B0 A MK (42) (R SR E R P A RIRI X (30) g B ARZE v B X % B AR R X (31) (BR¥fg T
(23) \HrLLT(25) (7T (33) VIR TT(38) TRYITH (44) JETTT (29) 2= B PG SRR AN (37) 2= B 4070 P 48
(46) = BIHAN T (41) 7 PUEEAR (36) FIJ™ PUAESEARIX (50) o 3X 22 /-3t X Ak T 3K [ 42 B iy L B I R IX
I, SEH B 187 FhAMSRARIEY

HR SR FIIE PR DX I R 2B 1L (1) )1l (3) JTLPE S 1L (5) (BN R (8) (AR Pl
(9) L2} 11 (10) IR IR BB X (12) SN B R IX (13) (BTN (21) (WYL & fe i RR (22) K
(26) JLVGRG & (35) HITLDAIE (49) ZRIGFE DRI (51) VLR KRN (52) HiiLatedtili(53) |
TLHEIL(54) JLPY =311 (55) WL E L (56) FRERFRLI(57) HITLKEIL(S8) ZRUE EPTE(59) .
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WL E-(60) JRUPHLLI(61) HITL L 5 (62) \ L1 (66) (I H(67) FIEIN (69) 3A 28 MHuIX, I H BE 191
FONRARAEY) o A= XS , AT B L IR S HON 16 DX, 4543 X -2 B 56 B R A RAEY) 5 1
FHRLT K2 AR KSR TN /MY L, P8 X H B 39. 6 MR ARS, AN THHE
RIER T F—RA NSRRI 8] 73 L2

R X A AR A X (2) JLARBR# (6) VB (11) TR FFE (17) (L # KB B R R
X (18) R BARARX (19) L TIRFH(24) HidE S E AT (28) (ALAT(34) (IUART B (39) LT KHE(43)
FARKF(45) BRI HE B AR X (47) (U5 FT 3 X (48) (b2 0e B ARRY X (63) JLEER A A MR
PIX(64) AL T HAR T HARFRYX(65) (PRI (68) VHA AT ILI(70. 757 (71) T EHME(72) Bl
TLTRHEM B ARRIP X (73) MIASEH IS BVE/R ARG X (74) Fl_E gL IARME BRI IX (16) 3t 24 />3l
AT BR T SRR MRS S AR AL TR X, I B 166 FhoR AR RN, 24 DEEA A THF B A
ET78, ZHOIRTTACX IR, A T T I B 2 HOR B AR R X BT AR e AR X BN Y X

DAL 3 AKX EZEHISNRA R IE 3,

®3 ZARBHFEEMIINSRANEFHREHIME
Table 3 Main invasive plants in three regions and their frequencies
Pt -7 WA X 38k o W B A A X sk T X 38
Tropical-south subtropical region Central (north) sub-tropical region Temperate region
=}
75 Fh2 Species B Fh2 Species B Fh2 Species B
No. Frequency Frequency Frequency
1 B2} Lantana camara 0.95 —4FE¥% Erigeron annuus 0.96 AW Amaranthus retroflexus 0.96
£ 255 Mimosa pudica . . . .
2 WL Ageratum conyzoides 0.91 /NK3% Conyza canadensis 0.93  /NKFE Conyza canadensis 0.88
HIBE Amaranthus spinosus HIBE Amaranthus spinosus
3 /NKF% Conyza canadensis 0.86 1383+ Chenopodium ambrosioides 0.79 [®] 724 Pharbitis purpurea 0.67
K3 HE Euphorbia hirta JbE 4T3 Lepidium virginicum
4 HINET ] iri 0.82 2Rkt Phytolacca Ameri 0.75 ik Erigeron annuus 0.63
[pomoea cairica R ytolacca Americana R WP T Hibiscus trionum R
23T B9 55 Eleusine indica . ,
X Nrd B X
5 Alternathera philoxeroides 0.77 K F] Mirabilis jalapa 0.7 AKBCER Chenopodium hybridum 0.58
. . . B3 Sonchus oleraceus
=1 Bidens pil
6 - ARHHEL Bidens pilosa 0.73 KAk Alternathera philoxeroides 0.68 W Avena fatua 0.54
4 EEi Synedrella nodiflora . .
S Datura stramonium
+IRFF Chenopodium ambrosioides =M Y4t BE Bidens pilosa
B R Eupatorium catarium 224 Pharbitis nil
7 HEEFEE Awonopus compressus 0.68 Y33 Avena fatua 0.64 4R Amaranthus viridis 0. 50
FE3% Malvastrum coromandelianum JUIRIE Eichhornia crassipes
HFERL Oxalis corymbosa W B WL Geranium caroliniamum
4 RN Amaranthus viridis
8 =R A Wedelia trilobata 0. 64 TR 75 Cynura crepidioide 0.61 FEARBEAT Vaccaria segetalis 0.46
EE K Ricinus communis ' P]RiA BEBELN Veronica persica ' Z4n-F2 4 Pharbitis nil '
S [e% Datura stramonium
TR 75 Cynura crepidioide
9 KHLE Eupatorium odoratum 0.59 [& 724 Pharbitis purpurea 0.57 JbEM 4T3 Lepidium virginicum 0.42
B H %L Scoparia dulcis : B E N Daucus carota : PEHLER Euphorbia maculate :
YHYT R Cassia occidentalis
2.2.2 EWASMRAAR RN ZS 6] 53 A A R AR SRR R R

T 74 I HLIX 282 FpSMR AR /A0 BAE AN 11 ASFREE R, B A ST R AT SRR I 2 IRAEE 1
HEREFEXT LT RISER , B 2 HhE 74 AR DL R =R KR, ARF 10 5 R 1 22 18] A 26
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PEAR T, 435109 0.965 F10. 919 s JLAEXT BE/3ATSE 1 Bl AIFEF 238 (FFAE(E N 0.495,P <0.01) , 55 2 B AR
B3 (FHEEN 0. 179, P <0.01) 8 2 NHEFFHAY R 7 22 TTRRR 0 510 32. 7% F144. 5% HEF ERAE T
R E B A R ABR T SHBE FRXRIER

M CCA Hfr B AT LA WA AR T 25 8] 7 A 'ﬁ%ﬁlﬂ?ZlEﬂE‘J%%o B A R LB
(REL) F2R , BRI REFRRNARF M GIZATE N TR R, #i kLS H 7l 5Je fy R %30 858
BT SHEF HARSCHE R /N, B3k TR M0 7 M R R PR T 2 5 . B AR 4 BUR, HF E 2 HiY
51 BB T A RS ZARBCR IR O RS RR AR RR R S BT R X AR AR
Fob s ) 3 A B0 5 56 2 Tl ) SR R T B — s ) o B X PSRk AR S [ 43 A6 4 JR B2 IR, T 46 3k O
FRRBT B EMA OB EXA LT E RS IRARF AR 5 AR 4 HRT =45 KR
B HE R BHE T, SRR E SR AR T2 18] 53 1 J5 9 G R R 23] D A R 2 (0. 509) (AR 371 &
(0.380) AR 4w AR (0. 354) \JL /G (0. 337) AR AR (0. 322) , T 4F- 4% ¥ = 1 (0. 164) FI4E H R A %
(0.158) KRN B B/NT R 5 IR R R it &L R FOR 7, A D385 BRI SSE % B XA R KRR, 78
11 AFERRAPRHAERS] . HRBEAR LT, TR LA DE B 74 43X SR AR 25 6]
oA B B R ZL R

F4 UAREERFSWZHHFRMOEXRH
Table 4 Correlation coefficients of 11 environmental factors with first three axes of CCA

A =4 A S R B (L X {E)

ST —— BRI I Tewme e ol
(absolute value)
AEHJ %I Annual average precipitation (R) -0.604 0.384 0.538 0.509
25 Longitude (E) 0. 469 0.765 -0.095 0.443
Z5 ¥ Latitude(N) 0.948 -0.099 -0.213 0.420
ANIOBEBE Population density( HD) -0.207 0.242 -0.771 0.407
AEHJURE Annual average temperature( T) -0.948 0.128 -0.063 0.380
AZ % B Transport density (TD) -0.260 0.093 -0.774 0.376
AEM KR Annual extreme minimum temperature ( LT) -0.855 0.125 0.083 0.354
ToFE W] Frost-free days(NF) -0.874 0.044 -0.093 0.337
AEFR ( >10°C ) Annual accumulated temperature ( AT) -0.855 0.063 —-0.048 0.322
AEM U iR Annual extreme maximum temperature ( HT) -0.072 0.046 -0.374 0.164
4EH) H BEFEC Annual sunshine hours( L) 0.098 -0.351 0.025 0.158

RS SGESTASKETFHEBEXME

Table 5 Correlation coefficients of 7 environmental factors with latitude

; ; R
RGHT g ORI EBURER pmn Glow)  gynmen _
. Annual extreme Annual extreme TiEM
Meteorological Annual average K . Annual average Annual Annual
maximum minimum L R Frost-free days
factors temperature precipitation accumulated  sunshine hours
temperature temperature
temperature
SIS -0.885** -0.041 -0.850** -0.755** -0.811** 0.365 ** -0.782**

Pearson correlation

* % 7E 0.01 /KP_EAR B FEHRX

MK S T LIE ), GETERRIN R AR Ak B EE EEZME M. S SRR 54 K
A ATRERE FERES IR ER R AR bR T HRmR RSN, HAl 6 MIRHER 54 E 2 BE KRN,
SR SHA T M IEERMFHFARBEHLERLL R B TREZTHSZBEAPARR, XSMTER R
2% X LR R AR L ZS (8] 73 A 0532 -t J2 3 2o ) 2 3 X A 3t P75 PR R AR B R

http ://www. ecologica. cn



16 3] i 4 FREAREY SRR X80 5 R R R 2R — LA 74 A X R S Rl 4249

B — X ISR ARARYI KRB S S R R B ARV, BEE AR 3R TR D30 B SO B
AR AR IR A E T B AR BRI, SR A RAB Y B R B 22 M T, BB 26 52 FA 36 om0 B e i

IR, FHECSTIX 8 ANEREE R R [H] R 5K R A IR B3 B7KF, T -5 AR AR il B 22 BE AN H RS ROU TE 8 A 5%
PE(FE6) .

R6 SMRAREVHBERERRAHXR

Table 6 The relationship between the number of invasive alien plant and environmental factors

TiH Ttems Coneljtﬁii/f\oﬁgﬁciem HH ltems Conel:tﬁii/iﬁgﬁcient H Ttems Conel:tﬁii%i{éﬁcient
o -0.325** ARG 0.342** ToFEH 0.416**

oA 0.190 AR 1) 0.315** UNEE: 0.462"*
SEIR B 0.423** EFR( >10C) 0.313** A3 BE 0.392**

AR R 0.091 4EH H RIS -0.164

* % £ 0.01 K B4R ARG

2.2.3 AFEPREINSEARR IS SHEE R E MR R

Xt 74 AN X AR AR 16 Fhh3E 535 P 5E R R A ST R AT 45 SR L IE 3 FIR 7, B 3 o, AR
A3 SR F 2 B FAH MR, 439 D 0. 919 F1 0. 6025 ML X B AR M 5 1 Al 4 3 (RRAEE
0.210,P <0.01) , %5 2 %l i)/ Fl o 8.3 (4FAE{EH 0. 037, P <0.01) , /i 2 MHEF I 2t 5Tk 2 40514

71. 6% F184.02% , Ui CCA Zr#r MHEF 45 52 75 1, AURT AN HE 7 Hl AR 8 5 4 1 ) B3R B SR ARAEY)
e S 11 MR E R ENE R

« 65

+ 45 Axis 1

M4 —» N «73

‘64 *74

ar - :’
Al BTAAIX : P

. POwrR
A | LA X |

1,48

Axis 2

28

B2 BT 74 MUK 282 MMSENEFS A 11 AR E TR RSB R S TR 4 HEF B

Fig. 2 The first two dimensional ordination based on distribution data of 282 alien invasive species and 11 environmental variables in 74
areas by using Canonical Correspondence Analysis

R LIS ITRERINIREERE F IR 4; B 1—74 JrR XL 1

GEEAR T BAE, B 3 RS 1 BB T AR (A BRI AR IR RIR T 16 b3 AL
SIEFR B N AR BN , 56 2 BhOU SR T SSE L F B BE X PR 2 IR R X AP ok AR Rt BE B 43 AR R
Mo AR R, RN R B R IR K SR AR FHTE TR E 7 AT RSN R R E R A (0.582) AFfFETT &
(0.569) AEHITLAENI (0.494) AEIGIRRE (0.479) SGE M (0.477) AR i fiRiE (0. 468) A\ B (0. 461)
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TSR (0. 457) , T4 A i eg 1L (0. 230) (22 (0. 302) (4R H RIS % (0. 084 ) i W /N T 8 4~(
R 2 GBI Z R, A 28 B AN SSE 3 BT IR R R o

®7T HIMMERSSHEH I AFRERFESHEHFHOAXRR
Table 7 Correlation coefficients of 11 environmental factors influcing on the distribution of geographical elements with first two axes of CCA

B 4RI R B (X 1E)

g}fﬂim al factors %’ulj;ﬂ %x?s? The averagf.: corrf.:lation coefficient of the
first two-dimensional (absolute value)
4 Latitude 0.906 -0.257 0.582
AEHR# TR Annual average precipitation -0.578 0.559 0.569
ToFE Frost-free days -0.856 -0.132 0.494
SEYJIREE Annual average temperature -0.933 -0.025 0.479
AL B Transport density -0.328 -0.626 0.477
AR IR Annual extreme minimum temperature -0.820 0.115 0.468
A% Population density -0.264 -0.658 0.461
FEFR( >10°C) Annual accumulated temperature -0.867 -0.047 0.457
2] Longitude 0.495 -0.108 0.302
AEAR % E IR Annual extreme maximum temperature -0.101 -0.358 0.230
AEH) H BEF%L Annual sunshine hours 0.072 0.096 0.084
3 e

SMRNRRIE Z 08 L, AR ETEDTE TAE Y
W KB ARFR HT FE thA 22 51O Weber SFARYE
AREEIRARF X R PLFEPIFOR, 0B T HRE
BRI 270 FAMSR AR o ASSCGEIHT 74 A3
AL BURISPR AR , R BILH 282 Fh, B2
FHRHFLET , Weber 40T 2T 4 AT E ISR
NRHY)

GEitRM, ES NSRRI R R 5=
PHAZIR , Hoyk b 26  BRU | 3 rh -1 E-vp R IR, B
VORK H AW RIR TR . M08, ERE NI 53 5 7 4 spmenshse 0 @ 16 4 B E 4 T R 11
KSR ABREY R H LS Pl NEHZ  AHsRTaasamafi—gism
1 29 ﬁl&l\}[&}\%jﬁ%ﬁj ,7ﬁ‘ 25 ﬁﬁﬂ,ﬁﬂ:ﬂ&%%ﬂl‘l ,a Fig. 3 The first two dimensional ordination based on
1 ﬁ;ﬁﬁ Fik %{}” ,&ﬁ@ﬁ ﬂ:ﬂﬂqﬁ?@—q:' SV 7 3, distribution data of 16 geographical elements of alien invasive
B AGER A AR 43 R4Sty o0 o 11 enronmanal vrkles fn 74 s by v
AT 4 FRIET A, R SRR TALRAIK | esamr mk 4. DIbl6 B
PR H X BA 2

BEFE B AR, ARFNA By 1) 2 R |
SEMEFRBAT LI 3 AEEY o REERHEINN FBIREI ALY AR F IR 4 R 1 E A E R
TR, T ALY Y Fh 2 FE Pl AR 1 52 1) P B O 0 SR PR R S ™ o AR SCTE R AN AR R ST R
B, SR AR B A S IR, AERE T B R IIRE A R IR E SR AR PR o AR R R R RO AR R
Ui TG AR AN AR R AR, T AR AR i e iR AR H BRI B 2 me B B/ N TR0 S MR R

B (BIAR) RE L RIBIF RN, RESSRABHEY YA AR EEZ S EREmE
AP MEN, G E L EEEREISRA R SR X S0 7 EAFERIEN, X—R 5 RREESFK
iR o B SHABIIEE R TR TR U, 2 B o 5 AR IR B AR IR R AR R R AR
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E( >10°C) A3 H BRI BRI TG 6 1 S SR8 AR W B A S AR I I M AR M JR AR B B, 74 AMHBIX 41
S A RFDES S B R B B SOR 56 , 33 FRL R T B R AN, Y BE R T B S A A T S B e 0 R B RS
TSI F g 16 A HE , 28 D I SRRt R ) LRSS , X A B S ARFRh BSR40 7 , SRt R
I R R B T R SRR A AR R

— SRR R R, N O35 B (GDP 540k f g B R Sl B i S A B X R,
AR SCHIFE BIFEE om0 35 BE R ALK TAERE T R B A B R M I R ISR TR R L 3@ B B Ak A 2
SRR SAERREARE . ZERFSTA0 74 X ep T bl YL R BT S BRI KR 41
e AR BRTE LR e R IR T 2 , i Sha 1A R 0 28 T A0k R 3 1O 3t X 5 B A 5 A R TR 1 1 1 R Tl
Gl — X 3R, 3 A X B AR R AR B X R AR S5 X B AR RN | T 2 R P U4 B L ) P
Fhisc 2 42 5 B REHD , H BV EOL L AR X I 2 . B SR AL bR, 4 s o e v A B iy o, 2
SRAHE SRR I I 3 | FR L3 T A AR B, RO, R o O R R iR X SRR AR
K2, B 1SR A B i E— 254 B L%

IR B SRR SR AR AE TR [ 40 52 B T 25 A1 BB B A B, X AR 5 AR G R F s =
WIS ARSI o BIAHLEM JURK S - P 2 T R T B SR IR Bk A B 25 5 72 3 O
JEHE X A , BB T B 6 EAR AT  FREIE S5 T RO A , Bz R E At A S XA T2 15
7 5 TSRVE T ATEY AEYH B0 P U9 P T Y RS R | B 26 DI 032 Py S5 b B AR 43 1 0 SR AR
HPI A TR E AR IR IR M B R rp 0 R T U 0 DAY R AR 3
B R E AR PGP R o 248, RSN AR RN E TR B N 20 A T REVR A HL R
e PR R A AR B X, b AR X R AR 24— BB 4 S AR -1 3 6] T B AR, R B S T b
X FIHLE e T 50 _E AR S, B, SR AL 3 i — S e B AR A B R AR E R WG RARR

XAk A RS [ 43 A SR A X R M BEE I BB TR ST, B R IRS TR ARG S S, MER
X AN S IR RN , B B NSRA I AR IO TE R o BRI, 5 X A A BR300 5 HE (AR SRAE A FF TR AR IR
RATAE TR, SMREMABRRS S IEERERR S EET AR T AFERTTRL BREMEMT 5 A B
I BEML IR . WA AR , 7T LUK X R I RSME I — TGRS 5 MR A B R TF
kR b BN, ESCBREEAE AT AR = H7E B 6 00, R SURB T ARARH SR JER KBRS 4 T4
BT , R TAR XSS B KU PR A T . TR R T M, X 2 ISR S L e B K, A ST Ge it 0, 3
R R S AR R ZELL AR PSR IR EAF e B AR . FISE— B — AR R IEAE RGP R X 40 ok
RIS, SRR . 7ERRI, ATE EREX — UG, 458 L T W w3t 0 k™ i sk
ARG R, TR, E N CA S E X — A, 8 r T 5% T X 5F 48 4% 5 i A SRR A
RREIERH R, (HR, T 4 K51 X 4 %A # s B KIS S AN SR ARG A R . A3
2 LRI, T R P | rp -6 B AR = K KSR TE AN SR A R RN AR R IR 5 0 A FE R K
25 I, B 3 K KB4 58 S LA DA A B XU AL R 5

BAN  EA S B X L M7 K T (5 BE I T , 76 Ter Braak 35 1 854 2378 S S50 X4 BE 407 7 ¥ A Sk o , fib
I8 W I 4 AT I B SRR, {8 Ter Braak 1A%, B2k B B9 B el 5%, 5 1B ot
BRI B Y E R MEA™ . BARE 1 HaT 2 MR BTk 51 32.7% F 44. 5% ,{H 2 Monte
Carlo BEHLHEFI K 30 4% 5 R , SN RE AT 1| KA B3 (AR A 0. 495, P <0. 01) , St X6 B 437 565
2 BV AL B (BHIE(E N 0. 179, P <0.01) %),

HAHTINR AR R = X B 1R TR FE B0 43 7 b RS0, A SO bR 282 A SRSl AR A B = Ml M
BT T80, BARIE EE RSO R P X T e R AT R, A 3 MR EBY REIFA L
X, UG EAIS (R G AT M AEL 282 FhE 1. 04% , RAXT 40045 A BERIGM .

Bift: 32 EH AR K% Eugene F. Stoermer (#1843 ST ZE , F5 LB o
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