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Abstract: Solidago canadensis, a perennial plant native to North America, is now spreading rapidly in China, especially in
eastern China. The plant has already induced serious threats to native ecosystems and biodiversity and has caused
considerable economic loss to those areas. A spatial analysis technique was used to analyze the spatial distribution pattern of
Solidago canadensis in Zhejiang Province in 2005. A stepwise regression method was applied to explore the relationship
between the spatial distribution pattern of Solidago canadensis and anthropogenic activities. Our results indicate that there is
a significant spatial heterogeneity of Solidago canadensis areal distribution in the study area. Imports and intensity of
agricultural activities are major factors in Solidago canadensis occurrence area, while length of highways accounts for the
variance in relative area of Solidago canadensis. With a rapidly developing economy, more attention should be given to the
negative impact of Solidago canadensis on the environment. In terms of prevention and control Solidago canadensis invasion,

the reclamation of abandoned and idle land should be intensified so as to limit establishment from points of origin.
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agricultural activities
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LR R, AP AR E BB — s R 2 o AR B TAEE A RAE T B
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BAM—E I , &% R BT RS2 B MR A EMER Y . Bk, e & i B &
#0579 GDP 3 APl P E R R T AR R B =, B R 5 ISR — B AR R A SRR
MIGHE T AT R, S B AN B BRI 5 RE B I AD AR B L3R s S 2 BE 3k 1 8 0
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Table 1 Initial pool of explicative variables in the study and their units and abbreviations

228k Variables Abbﬁi_’?tions 228k Variables Abbfvims
P Geographical location Bolv = Animal Husbandry GDP (% ) PHG
£33 AbbR Coordinate of longitude( ©) CLG #ay 7 {E Fishery GDP (%) PYG
45 B AR KR Coordinate of latitude(°) CLT Vi A 2 Transit factors

+ b F FIA$7 Land-use types /N HLE Length of highways(km) LHW
Hb X i Land area* (km?) LAD* AE3E %5 BE Density of transport(kme+km ~2) DTP
BEHLTE AR Field area* (%) PFA* %3z H Volume of passenger transport * (10* Persons) VPT*
7K H T Paddy field area* (% ) PPA* 1415 & Volume of freight transport * (10 t) VFT*
ELH AR Dry field area (%) PDA #1085 Tmports(10* US dollars) VIG
AAEYEFER Cropland area(% ) PSA A E P % Demographic factors Pop.
Al A0 A #FH Average field AFA

area of agriculture pop. per capita( hm? + Person ™ ) # AT Total population * (10* Persons) TPY *
2535 H % Economic factors I BE Population density * (Persons+km ~2) PPD*
A 7% Y fH Gross domestic product* (108 RMB) GDP* #5—r= kA0 Primary Industry Pop. (%) PPP
45— 7=\ 7 Primary Industry GDP (% ) PPG 45— 7=k A\ 0 Secondary Industry Pop. (% ) PSP
45 — 7 \™*& Secondary Industry GDP (% ) PSG =7 LA 0 Tertiary Industry Pop. (% ) PTP
=72 \V (Y Tertiary Industry GDP (% ) PTG 42\l 10 Percent of Agriculture Pop. (% ) PAP
Tlkjf# Industry GDP* (% ) PIG* Ag5d iz 5k 1T Traffic Pop. (%) PFP
L= {E Farming GDP (%) PAG R4 PP A O Environmental Management Pop. (% ) PEP
Mll={E Forestry GDP (% ) PFG

* FARZABRH THHEERKEMEMHC | r] >0.75) MBI R ZEFMER Represent those variables removed from the pool because of

their high correlations ( | r | >0.75) with other variables

ESMEBFFERY, AN OBUR SRR 9 SRR R IEASERR ™ o 430K A O E R 454
A3 AL A O AR AT ASE sl A O AFREE B A O (357K FREE FI/A 5 i 25 L A
M), BERIRE S MER—BEEARREMKMEERMADE T Z5E% BIHERE T MALESIHE 7
TR — AL LA ] 43 A i R O R, K B T3 E AR R AR -

O B FERETHIILE G ITH4E % (Zhejiang statistic yearbook, 2005)
@ e NRIEHE E RS RE 27 P (NBSC,2005)
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Fig. 1 The spatial distribution pattern of Solidago canadensis occurrence area in Zhejiang Province in 2005
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Fig. 2 The spatial distribution pattern of relative area of Solidago canadensis in Zhejiang Province in 2005

PC1 52— A B KA AR EX 3 A FHIAHR R R (K 3) , T LUK PC1 B R AR KL E
ZhEREIEIR . R, PCL S O 54 S B UK RS, BRI, AT LA PCL ARl 3 358 B 5 2 1 4%
VIR ETEIR . PC2 FE /A D B8 b P E X A T B S ok, 7T LAY PC2 R AR T
AV iE SR EESEAR . PC3 SHENA B BRI XK, HEAMX, HREZERIEMRK, PC4 FE5K
AT AB# A0 = EA K. PCS ERGRMERMIFFEEE A OH K, PC6 EEGHI™EH K,
5 PCT MR PR R HIEIR2 B, HE K,

R2 MBATENT MERSHFEERETRKE
Table 2 Seven principal components (PC1 ~PC7) of the initial variables

PC1 PC2 PC3 PC4 PC5 PC6 PC7
FSE A Figenvalue 5.518 4.789 2.668 1.833 1.172 1.113 0.892
FEWR Contri. Prop. 0.263 0.228 0.127 0.087 0.056 0.053 0.043
Zi}FWk % Cumul. Contri. Prop. * 0.263 0.491 0.618 0.705 0.761 0.814 0.857

* fii 5 VLW Abbreviations;Cumul. = Cumulative; Contri. = Contributive; Prop. = Proportion

2.3 ER—BERIEHZE E AR5 AITEH R KR

MER—BEALZETRGE 7 D ERSBZITEIE PR ILE 4, £F 4 B EERT 7 A~ E R
A 5 A E R BEA EEEEL, TR T INER— A ER A TR 71. 6% MR . B T5 PCT 254
KUSH, MER—ALE R A TR GHR 4 N ERPFZIEMR . Hrp R ERNHXE T2 PCLORILES)
58 BEAIEE OBT Y R , R PCS (R AR ST B EM A D) o
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R3 TAERSS5ENLEHM Pearson X FH

Table 3 Pearson correlation coefficient matrices between seven PCs and variables

A F i ffy Principal components

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7
CLG 0.458 ** -0.385* 0.595 *** -0.257™ 0.215™ - -
CLT 0.439** 0.160™ 0.475** 0.451** -0.254™ 0.447 ** -
PDA 0.321* 0.413*** 0.441 ** - 0.453 ** - -0.285™
PSA 0.452** 0.646 *** 0.370 * 0.378* 0.173™ - 0.156™
AFA 0.240™ 0.651*** 0.214™ 0.581 *** - - -
PPG -0.633*** -0.549 *** 0.352* 0.136™ - 0.176™ 0.174™
PSG - 0.849 *** - -0.346* -0.286™ - -
PTG 0.437** -0.577*** -0.250™ 0.310™ 0.270™ -0.140™ -0.178™
PAG -0.755*** 0.175™ -0.159™ 0.247™ 0.283™ - 0.132™
PFG -0.512 % - -0.255™ 0.307™ -0.307™ 0.514 *** -0.385*
PHG -0.551*** 0.355* - 0.506 *** - -0.332* 0.170™
PYG - -0.732*** 0.549 *** - - 0.124™ 0.157™
LHW - - -0.837*** - 0.245™ 0.293™ -
DTP 0.449 ** 0.151™ -0.390* -0.314™ - 0.221™ -0.600 ***
VIG 0.634*** - -0.451** 0.182™ 0.218™ - -
PPP -0.828 *** -0.372* - 0.133™ - -0.186™ 0.150™
PSP 0.367* 0.809 *** - -0.222™ 0.174™ - -
PTP 0.592 *** -0.598 *** - 0.125™ -0.289ns 0.167™ -
PAP -0.779 *** 0.196™ 0.126™ -0.378* 0.138™ - -0.245™
PFP 0.538*** -0.535*** -0.243™ 0.207™ 0.163™ -0.181™ -
PEP 0.469 ** -0.216™ - -0.125ns -0.447** -0.460** -0.162™

B FH KL Significance test; * P <0.05; % * P<0.01; % % % P<0.001;ns0.05< P <0.5; - P > 0.5

F4 MEXA—HERREAREEIHESWUZHSEASHTER
Table 4 Result of stepwise regression between ASC and PCs

AR i EIEES ¢ Ky e R F i BEMKF R RIT 2 (%)
Variable Coefficient Standard Error F-value Significance var. *
Intercept 384. 560 49.050 61.47 P < 0.001

PC1 139.734 21.154 43.63 P < 0.001 35.80

PC5 199.078 30.423 18.81 P < 0.05 51.24

PC7 -205.457 36.703 15.25 P < 0.05 63.75

PC3 66. 636 45.900 4.80 P < 0.001 67.69

PC4 80. 111 52.613 4.76 P < 0.001 71.60

ASC; Solidago canadensis occurrence area; PCs; PC1 ~PC7; a; cumulative variation explained (% ), T [f] the same below

gk —H & A IR A5 AR ENEFRZITRIASIE R ALK S, 2B 5 RIATREH 4 ©~F
BT HEAEHRERS, H 5 BATE R AR, XS g iR T e K — A m 4 & A T AR L] 28 571 64.8%
Ho i FEMMHRE T2 PC3CRNA B EBRMEARE) , KGR PC1CAIE 358 B A O 5324 880 o
3 itig
3.1 ER A A (8] 200 1 R B 4 A

M 1 5] LU H g K —B 8 e & A TR [R) . 1K ] R 2R PR AR K, 7778 B S8 A 25 1) 5 o 1, T 3K 2 3
X Z IR 245 BEAR AR/, ROBRAE SRS FRAEF YR EE R RE T & A B RS M2 A AR, s R
MR (1403.9 £116.2) mm, 4 H FEMF £ (1834.5 £80.8)h, A RWIFTRM, N KIBREE (M LAE AT H
B) LarBrs kA B o3 A ks R, BT R A BEAR BE AR AR 2 W s AR BN REE B T i, A6
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Fig. 3 Distribution pattern of the scores of the principal component 1 in study area
PC1 RV IESNREE vs. #EORY)EH ; IEERPHOEY 888, RERALRIIESIRE N E  PCL: intensity of agricultural activities vs.

imports; positive values indicate dominance of imports; negative values indicate dominance of intensity of agricultural activities
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x5 MEA—BHERREAREGSERSHELSEEASTER
Table 5 Result of stepwise regression between RSC and PCs

Gl MIEES ¢ B E bR R FiH BEHAKT BBUBRIT2(%)
Variable Coefficient Standard Error F-value Significance var.
Intercept 0.393 0.057 47.16 p < 0.001

PC3 0.199 0.036 31.26 p < 0.001 32.37

PC1 0.108 0.025 19.05 p < 0.001 52.09

PC5 0.149 0.054 7.76 p < 0.05 60.12

PC4 0.091 0.043 4.52 p < 0.05 64.80

RSC: Relative area of Solidago canadensis; PCs: PC1 ~ PC7

BE OB BB PUE, RIS SR AR 2005 45, AT T X AN T3 X4 B B E 5890 S8 o e i
AT P RE 1 S B 95. 3% A1 82. 1% , AR = {E40 5 o A2 7= BMEHY) 2. 5% H12.0% o X H4™ 31 X I fil
BR—HEERETFIITE 600 hm Ll b (F 1), Mg E @#Ed 281 RLUE EZH XL X
PC1 AMELIAR , AR AR R A= AR LU /D, 4 e B 223 T G 2T 19 & A AR ZE 100 b IR, JB T R4
TR IR H I, By A4 1L EL i % R T ARZE 300 hm® AR . i F PCL R T A E 36% I & A AR
TEOL, BT LA 3 AR AR X 5 PC1 - {EARAE-S B 1 AP 5 A T BB AR X L, (B BMA B i 5 1
—E S, A X & TR . & 4 2R PC3 B Mtk m, R 2 5K 4 /TLAE b, PC3 185
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Fig. 4 Distribution pattern of the scores of the principal component 3 in study area

PC3 BN AER vs, 2R IFHMEEHALE N T, MERHAKERNTE  PC3: length of highways vs. coordinate of longitude; positive values

indicate dominance of coordinate of longitude ; negative values indicate dominance of length of highways
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3.3 BRFERMFEMER B EENE FEX
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(RIS , 2 BUN P SRER T T BLI%7% B2 5F A SR A 25 3R 85 i T T2 o A % el 5 13 B AR AR, 8 301 2 X Tl
TSR b 5 A B0 8 R — A B A8 B AR SR BB Bl i A R AR R B B fE o 3 TR AR T AR 25 ) 3
X, B BURF BRI 24 52 i 2 R Ml T 35 BE , IR Al e st R B3t ) S 0 2, Se s ARl S e, AT FR 45 K
— R AR AT S (8] XA A BE IR Sk BRI 3 MARAS I D in Sk — A s B I A AR T A
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