28 3 Vol.28, No.3
200905 PROGRESS IN GEOGRAPHY May, 2009
L *
1,2,3 1
9
(1. s 832000; 2. , 830011;
3. s 100049)
s 13 18 )
o : (TWINSPAN) 13 4
— . — — — — 4
. (DCA). (PCA) (CCA) ,
. TWINSPAN , PCA . . pH.
(2 ) . . CCA
pH. ( 2 )
, PCA o , (2 ) (1
) pHC ) , 1) 0
(Arabidopsis thaliana), , (Canonical Correspondence Analy-
( ) ; sis, CCA)
A} [1_6J b
[7]’ o
1
[879]0 — A} N
. . 40°30'N~48°10'N,81°10'E~89°30'E,
fio-11] . , 10~
40cm, 5.2~8.6°C,>10°C 3000~
R , 3600°C, 2500~3400h, >2000mm,
, (Two—way °
Indicator Species Analysis, TWINSPAN), 150~200mm,
(Detrended Correspondence Analysis, DCA) 2l o, )

(Principal Component Analysis, PCA)

:2009-01 ; : 2009-04.
(30760047);
(1983-), , ,
(1968-), . |

449-459

,E—mail: liutong1968@yahoo.com.cn

’ o

o

o E-mail: xishanyeren@163.com



450 28
10mx10m, ImxIlm ,
(>500mm), 1 100 . N
s s s 3 0~10cm 10~20cm
[14]
. , : O ,
250~350mm s (ELEV) (SLO) ., (ASP, SN
[15-16]O (SP , [20]) ; @ ,
, ; (SM). OM),  (TN), (AP).
200~300mm , . (AK).pH (EC),
[17—18]O [21]0 2 , l
, , (0~10cm)  2(10~20cm) o
( ) « ) ,
22 64 77 o
2 2.2
2.1 77 5
_ 24 , 53
,2007 (D o
( 143 | . ). 2.2.1 TWINSPAN
( ) ( ) WinTWINS(Version 2.3) 13
( ) 53
( TWINSPAN 221 SPSS13.0
3~5 km 2 , 13 Fooo
, P1-P13 , ), GPS ) 2.2.2
13 53
DCA PCA ;
110} CCA
113 53
Tab.1 53 main species in 13 plots in the study area
] Yk ] Yk i Wik
1 FUFEIT Arabidopsisthaliana 19 PRE Lappulasemiglabra 37 3 Polygonum cognatum
2 BrEEZE# Seriphidiumkaschgaricum 20  PYTT Tetracme quadricornis 38 B KRSt Ssymbriumloeselii
3 HB4 T3 Salsola brachiata 21 k&% Chenopodiumglaucum 39 yEM/RiILHE Crataegus songorica
4 BT Salsola affinis 22 WL, Oxytropis ochrocephala 40 I Digitaria sanguinalis
5 %X solacollina 23 EMHEAKIE Anabasisaphylla 41 PHRLBLUEYN Veronica biloba
6  ¥JF Malcolmiaafricana 24 FESE Sonchus oleraceus 42  HMFFF Arabisauriculata
7 JEJF Alyssumdesertorum 25 ERIGEZISE Geraniumtransversale | 43 HlMH4EAY )L Caragana acanthophylla
8 2115 Leptaleumfilifolium 26 JEfudiEE Galiumaparine 44 4% Siraeasalicifolia
9 25 B 1 Trigonella arcuata 27 J3HIF Tauscherialasiocarpa 45 @R ECK Poa bulbosa
10  P§% Rubiacordifolia 28 PO TE Slene quadriloba 46  HWEEHFE Violahirta
11 BZEE Eremopyrumtriticeum 29 A Alliumledebouriaum 47 JbydrhiBE Galiumboreale
12 /MUFEF+ Arabidopsis pumila 30 OLHEGAT Taraxacumlamprolepis | 48 #%jJj Drabanemorosa
13 DM EELE3E Ceratoidesewersmanniana | 31 ZJJ5#E Myosotis sylvatica 49 %% Filago arvensis
14 Kbk Kochia prostrata 32 BT Clastogenes squarrosa 50  #EIEE Carex lancifolia
15 FFU¥ Descurainia sophia 33 REJIEE Carexliparocarpos 51 ALK Orostachys spinosus
16 % Ceratocarpusarenarius 34 S Bromus sewer zowii 52 k&% Asperugo procumbens
17 BR{EIF Malcolmia scorpioides 35  /N% Nanophyton erinaceum 53  ##fi#% Suaeda heteroptera
18 1B Ceratocephalus testiculatus 36 ZHZEEELN Veronicaverrna



3 — 451
, CANOCO(Version 4.5) 3
CANODRAW (Version 4.0)
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3 SPSS13.0 3.1
PCA o — 13
2.3 53 TWINSPAN
> , 13 4
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2 N ( + ) F
Tab.2 Number of families, genera, species, A. thaliana and environmental factors (means+SD)
with F—test in different community types
oy R R " "
HE (EL
Kkt A 5 c 5 d P
# 10 10 13 14 _ _
)& 22 27 22 26 - -
Tt 25 29 24 30 - -
ENE 629.5 807.8 289.5 315 - -
B A A B C D
ELEV /m 773.5+£120.527 1035.75+131.504 921.0£1.0 1128.333+137.735 4.074 0.044
ASP 1.0£0.0 2.0£1.0 4.5%1.5 5.333+0.943 10.887 0.002
SLO/° 29.5+3.354 27.75+6.016 21+4 56+23.424 3.255 0.074
SP 2.75+0.829 3.5+£0.5 4.0+0.0 3.0+0.816 1.334 0.323
SM1/(g-cm 3) 0.118+0.051 0.042+0.014 0.197+£0.021 0.148+0.048 5.923 0.016
SM2 0.074+0.049 0.053+£0.024 0.181+0.005 0.11+0.024 5.415 0.021
OM1 /(g'kg 1) 29.717£7.105 24.217+£2.112 57.176£5.356 55.693+13.793 9.582 0.004
OM2 17.274+5.478 16.311+£3.4 28.447+8.034 51.240+18.78 5.762 0.018
TN1 /(g-kg 1) 1.358+0.347 1.624+0.789 1.651+0.478 2.428+0.824 1.140 0.384
TN2 0.813+£0.265 0.672+0.169 0.867+0.309 1.623+0.637 2.923 0.093
EC1 /(us-cm 1) 113.825+13.137 109.4+17.858 72.0+6.8 85.40+6.051 4.596 0.033
EC2 155.375+73.514 177.9+46.117 55.3+4.6 73.10£13.711 3.180 0.078
pHI1 8.458+0.464 8.86+0.301 7.015+£0.025 7.333+0.234 15.003 0.001
pH2 8.815+0.549 9.32+0.301 7.195+0.045 7.567+0.143 16.617 0.001
AP1 /(mg-kg 1) 17.661+£7.638 12.197+£5.788 9.246+5.164 16.696+7.625 0.660 0.597
AP2 7.263+5.991 13.3+9.212 5.68+2.09 8.505+1.403 0.654 0.600
AKI1 /(mg-kg 1) 381.724+92.107 313.549+60.39 331.106+35.118 155.53+£17.534 5.316 0.022
AK2 374.486+85.243 196.847+93.72 238.150+49.558 119.725+20.604 5.251 0.023
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Tab.3 Sorensen’s coefficient of floristic similarity
between 4 TWINSPAN community types

FEvELE A B c D
A 1
B 0.815 1
c 0408 0453 1
D 0364 0441 0741 1

F4 MEEFZEBEXRELY

Tab.4 Correlation coefficient between environmental factors

ELEV ASP SLO SP SM1 SM2 oML OM2

ELEV 1

ASP 0.540 1

SLO 0.524 0.251 1

SP 0374 0167  -0.030 1

M1 0.190 0.351 0294 0235 1

SM2 0.074 0.523 0043 0138 0.720%F 1

oM1 0352 0.68** 0538 0170 0.713% 0769 1

oM2 0567*  0.661* 0.836% 0147 0498 0429  0.810%*

TN1 0314 0155  0.58* 0145 01890  -0.166 0.322 0490
N2 0288 0475  0.688"™ 0110 0187 0.262 0.668%  0.602*
ECL 0200  -0.662* 0118 -0270 0327  -0.34  -0.6* 042
EC2 0127 -0532 0208 -0131 049 0.4  -0549  -0.446
pHIL 0220 072 0178 0232 -0.799" _08I7** _0.810% _0577*
pH2 0261 -0.6%B% 0272 0224 -0.829%F _0.802%F _0.814* _0627*
APL 0054  -0137 0068 0201 0262 0.080 ~0174 0024
AP2 0240 -0118 0051 0091 0117 -0.86 -0161  -0.025
AK1 0488  -0.640% -039% 0021  0.043 0.171 0321 -0.439
AR2  -0612°  —0.020* 0222 —0226 0149 0.138 0248 0288

TNIL TN2 EC1 EC2 oH1 oH2 AP1 AP2 AK1 AK2
1

0328 1

-0.518 0433 1

-0.348 054 0.587* 1

0185 035 0.604* 0.668* 1

0268 -0.430  0.606™ 0.821%F (.959% 1

0129 0277 0.584* -0002 -0.083 -0100 1

0176 -0.273 0513 0416 0261 0298 0.535 1

—0.561" -0.53% 0.632* 0317 0277 0261 0318 0264 1
0372 0.343 0539 0.093 0.162 0102 0.33 0.0 0877 1

¥ ¥ P<0.05, ** P<0.01,
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3.3 PCA
5 PCA 5
3.3.1 PCA
CANOCO Tab.5 The first 5 principal components of environmental
PCA i , PCA factors and their eigenvalues and variance
TR REE  EROMRRR ()  RBUERR E(%)
( 3, ( ) 1 7.553 41.960 41.960
5 60.2% , 2 3.139 17.437 59.397
13 3 2.137 11.872 71.269
° ’ 4 1.600 8886 80.155
2 , A B , 5 1.095 6083 86.238
) 6 PCA 5
DCA ’ ’ A B ’ Tab.6 Eigenvectors of the first 5 principal components
’ R BN
, C D s ER 1 2 3 4 5
2 OoM1 0.908* 0.195 0.062 0.063 -0.053
’ pH2 -0.877* -0435 0.081 0.032 -0.03
y pH1 -0.841% -0433 0.109 0.148 0.052
DCA OM2 0.828* -0.065 0418 0.182 0.014
© ’ ASP 0.823* -0.096 —-0.028 -0.309 -0.392
PCA EC1 -0.765* 023 0514 0.099 -0.107
EC2 -0.727* -0.228 0.243 -0.169 006
( PH N TN2 0.685 -0.252 0.064 0.457 -0.236
) SM1 0.645 0.60 1°* 0.128 -0.017 0.246
° ELEV 0.505 -0.388 0488 -0.387 0.032
3.3.2 PCA AK2 -0.453  0731*  —0.003 0.399 0207
13 18 AK1 -0.589 0.705%* 0.078 0.015 0.166
SM2 0.612 0.688* -0.052 -0.15 -0.192
(93, , AP2  -0.284  0.056  0.754*  -0398  -0.133
AP1 -0.172 0.5 0.638* 0.044 -0.075
5 ( >1) ’ 86.238% © SLO 0.544 -0.278 0.598 0.454 0.146
2 , 41.96% SP 0.249 -0.018 -0.009 —0.648* 0.593*
17.43 5939 TN1 0.489 -0441 0.117 0.28 0.546*
7.437%, .397% , B
2 °
( ) ( 0), C ) o 13
C ) ) .PH.
pH ( N 6 o
). , 3.4 CCA

CCA
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. CCA . 7 CCA 4 N — N
0.642 0373( 7), (%)
1.000 Tab.7 Eigenvalues and cumulative percentage variance
’ ’ A and the correlation coefficient between environmental
0.000, ’ factors and the first 4 axes of CCA ordination
[27-29] —
° CCA HiJrl
50.2%, . CCA 1 2 3 4
RFEME 0.642 0.373 0.248 0.231
’ 4 5 SPURREL (%) 326 50.2 62.2 73.4
ELEV 0.482 -0.3734 ~04158  -0.6161*
’ ’ ASP 0.8507%* 0.081 —0.1524 —0.1511
H SLO 0.5188 —0.7124%%  0.0429 0.0904
SP 0.1111 0.2356 -0.2627 —0.2733
’ SMI 0.662* 0.3072 —0.0128 0.2032
; SM2 0.6351%* 0.5607+ 0.1001 0.0204
OMI 0.867%* 0.1179 0.0498 0.1231
° oM2 0.8056%* -0.3966 —0.026 0.0736
[27-29] TNI 0.4479 -0.3817 0.1384 0.0314
TN2 0.5998 -0.3753 0.0364 0.2648
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o
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Fig.4 CCA ordination of 13 plots and environmental factors in the study area
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Tab.8 Correlation coefficient between environmental factors and the number of Cruciferae species and A. thaliana
ELEV ASP SLO P M1 M2 OoM1 Oom2 TN1
AR 0.039 —0.584% 0.097 0.000 0522 —0.840%* —0.617% -0.301 0.049
R TR 0021 —0.542 0.065 —0.290 —0.101 —0.064 —0.326 —0.244 —0.099
TN2 EC1 EC2 pHI1 pH2 AP1 AP2 AK1 AK2
AR -0.195 0410 0.534 0.850%* 0.763** -0.156 0.091 0.086 0.058
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Relationships between Arabidopsis thaliana Populations Distribution and
Environmental Factors in the Tianshan—Altay Mountain Region, China

TAO Ye'*?, LIU Tong'
(1. College of Life Sciences, Shihezi University, Shihezi 832000, China;
2. Xinjiang Institute of Ecology and Geography, CAS, Urumqi 830011, China;
3. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Tianshan Mountains and the nearby mountains are one of the main distribution regions
of Arabidopsis thaliana and its closely related species in the world. Based on comprehensive field
surveys on the distribution of A. thaliana in the Tianshan—Altay mountain region, 13 plots in low
mountain zone Shihezi, the 143rd Corps, Shawan, Dushanzi, Yili Guozigou, Emin and Altay were
selected and 18 environmental factors were measured, the relationship between A. thaliana popu-
lations distribution and environmental factors were studied. Classification of the vegetation was
analyzed using two—way indicator species analysis (TWINSPAN) technique. Ordination techniques
as detrended correspondence analysis (DCA), principal component analysis (PCA) and canonical
correspondence analysis (CCA) were used to examine the relationships between vegetation and en-
vironmental parameters. Lastly, the correlation coefficients between cruciferous species, A.
thaliana and environmental variables were also examined. The results showed that 13 plots were
classified into 4 community types by TWINSPAN using important values (IV) data of 53 main
species: Seriphidium kaschgaricum, Seriphidium kaschgaricum—Salsola collina, S.kaschgaricum—
Cara acanthophylla—Carex liparocarpos, and Myosotis sylvatica—Bromus sewerzowii—C. liparocar-
pos. And environmental heterogeneity obviously appeared between each community type. Distribu-
tions of community types in DCA, PCA and CCA ordination figures showed obvious distinction,
and they corresponded to species distribution well. The result was basically the same as
TWINSPAN classification. PCA analysis on environmental factors showed that slope, organic mat-
ter, electric conductivity, pH, soil moisture and available potassium (both 2 soil layers) were the
main factors affecting environmental heterogeneity in different plots, and these factors were most
significantly associated with each other. CCA analysis showed that slope, organic matter, pH, elec-
trolytic conductivity and soil moisture (both 2 soil layers) were associated with ordination axes,
this result indicated that those environmental variables were the dominant factors to determine the
patterns of species distribution and plant diversity, and it is the same as PCA basically. The study
also found that aspect, soil water content (2nd layer), organic matter (1st layer) and pH (2 layers)
were the major factors impacting the change in the number of Cruciferae species, and electrolytic
conductivity (Ist layer) played an very important role in the number distribution of A. thaliana.
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