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Quantitative classification and ordination of
Stipa purpurea steppe community in
source region of the Yangtze River
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( 1. College of Life Sciences, Yulin University , Yulin 719000, China; 2. Northwest Institute of
Plateau Biology , Chinese Academy of Sciences, Xining 810000, China )

Abstract: The typical Stipa purpurea steppe in the source region of the Yangtze River was selected as subject. Multi-
variate statistics methods including TWINSPAN, DCA and correlation analysis were used to calculate the data on the
basis of investigating a large number of vegetation communities in this region, in order to investigate the community
characteristics, community diversity, and the relationship between community and environment factors. The results
were as follows: (1) The species composition of S. purpurea steppe in the study area was relatively simple. The dom-
inant families of seed plants were Gramineae and Compositoe, and the dominant areal types of genera were North
temperate type; (2)The S. purpurea steppe community in the source region of the Yangtze River could be classified
into 4 ecological associations: Ass. Stipa purpurea + Oxytropis densa s Ass. Stipa purpurea + Kengyilia thorol-
dia, Ass. Stipa purpurea + Carex ivanovae and Ass. Stipa purpurea + Leontopodium humilum ; (3) The major

environmental factors influenced the distribution of Stipa purpurea steppe ecological associations in source region of
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the Yangtze River firstly were space factors (altitude, longitude and latitude) , then water factors (precipitation, wet-

ness) ; (4)Ass. Stipa purpurea + Carex ivanovae hold the three highest indexes of the 4 ecological associations in

the study area. Both evenness index and Simpson index were influenced by space factors and water factors. The pres-

ent study proclaim the inner ecological rules of Stipa purpurea steppe in source region of the Yangtze River,and will

play a very important role in maintaining the ecosystem equilibrium of ecologically fragile zones.
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Table 1

General conditions of sampling plots

Wi H Ttem FE 1 Plot 1 HEHL 2 Plot 2

FEH 3 Plot 3

FEHb 4 Plot 4 FEHb 5 Plot 5 FEH 6 Plot 6

FTEIX 3, Sites
FEMHF S Transect No. cl~c5

% Altitude (m) 4170~4 218
2% Longitude (E) 94°16'~94°18’
451 Latitude (N) 35°44' ~35°45'

c6~cl0
4 479~4 537
93°37"~93°42'
35°26'~35°31"

B O -2.44 -3.76
Average annual temperature
BRI (mm) 186.49 200.85

Average annual
precipitation

AR 2340

Average annual wetness

-3 958.20 -1 470.00

PERHME Xidatan AN SR Budongquan Z34/R ] Qumar KUK 111 Fenghuoshan JE7ET Tuotuohe JEA #F Yanshiping
cll~cl5

4 548~4 637

93°08'~93°19

35°15'~35°19

c16~¢20
4 582~4 618
92°40' ~92°45’
34°23'~34°30’

c21~c25
4 569~4 586
92°14' ~92°24’
34°13' ~34°15'

c26~¢30
4 647~4 693
92°03' ~92°15'
33°42'~33°47"

/

/

-4.00 -3.52 -3.30 -3.56
205.48 247.98 251.20 278.53
-157.20 -1 086.80 -628.60 -746.80

AR S8 1 GPS M i sk B 7 19 28 45 i A
RSF IR 7. AR EIROCH 10 DMEITH RS
BN SRV A B8 AR R 5 G255 53 B i
Tl R . AR B0 22 AR 2 0 R R R | R T R A
SEIH T ArcGIS X 75 18 25 R o Bl L 2 4
JEHE IR SRR . 008 IR ok B b R 27 B
HURL 2 5 IR 5T B (http: //www.data.ac.cn) ,
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Way Indicator Species Analysis, TWINSPAN) J5 ik
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GO HEF 7 i - 2R HIBR ¥ 3%t 1 43 B (Detrended
Correspondence Analysis, DCA) X} 25 46 &1 3¢ 5L R B
AT HE R A S R T OC RS .

WO REDF Z ST A M e E
(Richness index) : R = S ; ¥ 2] £ 8 #{ (Eveness in-
dex) :E=—3(P;InP,)/In(S) ; FE 7% ¥ Fh Z2 eV 45
¥ (Diversity index) : Shannon-wiener 8 8. H = —
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di AR 24.70 %,
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M@ B e 2 . 5 SR B 52,94 %6 5 R I 43
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JEE 29,4100 s e 4 PRS0 8, 5 B8
By 17.65% .,
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2.2.1 BEHKE X MPHE TWINSPAN — 4
SRR ZE AN 1,30 SRMEAT R 4 4 S HEAE T,
B REAFEARFHIEL T .

BAE F + BN G (Oxytropis densa) B
(D AL HEA cl~c3,c5, /M ETT KM X, B35
JEh 39.00% ~48.00% , 1 B 55 B 44.95% . 2 4E
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Table 2 Composition of seed plants

[ g i SRR T L
Family No. of species Ratio (%)
AAR Gramineae 12 14.81
%%} Compositae 12 14.81
VWEEL Cyperaceae 7 8.64
H#l Leguminosae 11 13.58
TR Cruciferae 6 7.41

% % F} Scrophulariaceae 5 6.17
EEF Ranunculaceae 4 4.94
Bl Rosaceae 4 4.94
4 FF Umbelliferae 3 3.70
28Rl Boraginaceae 3 3.70

# B} Chenopodiaceae 2 2.47
£i77 8} Caryophyllaceae 2 2.47
IRl Papaveraceae 2 2.47
HAly 8 B Other 8 faculties 8 9.88
41t Total 81 100

x3 MTFEVENSHRER

Table 3 Generic areal-types of seed plants

% ¥ B T 4
AR Areal types JREC R T Y

No. of genera  Ratio (%)

Jb A 3 A North temperate 27 52.94
IR WM 434 Temp. Asia 6 11.76
SRR AR s i} 5 9.80
Old world temperate

%434 Cosmopolitan 4 7.84
4345 M. Asia 3 5.88
RIS E. Asia 3 5.88
b T XV FE O A AR 2 3.92
Mediterranean, W. Asia to C. Asia

7Z A7 43 A Pantropic 1 1.96
A1 Total 51 100

(Astragalus hendersonii) . 2 8 8 1 (A. polycla-
dus) . B ¥ & (Kengyilia thoroldia ). VK JI| Ji &
(Oxytropis glaciale) . 5 85 IF ( Dimor phostemon
pinnatus) | ff I 38 o Je B (Pedicularis alaschani-
ca) VP B2 (Saussurea arenaria) VA= 13 7%
(Chamaerhodos sabulosa) . 1 2585 A (Ligusticum
thomsonii) . KAEE (Artemisia macrocephala )%,
BT +RPFERAAD S 4,8,
c21~c23, EEIPAATETEIILIX . B35 41,00
~80.00% . F ¥ B35 BE 62.9 % . AL BN 3 1 A X 55
JE 56,970, FEMAEMAVDENER . KINE K,
ZRFE B (Potentilla multifida) . FEIT P ILE
¥ (Carex ivanovae) 2o B 18 T | Bl $i7 38 T 5o Ll
WL 2§ (Ajania khartensis) . KAt 8 & (Kobresia

macrantha) JH R & 5 (Carex moorcraftii )5,

34 &
D=1 N=30

D=2 N=9 D=2 N=21
cb cl6
c7 cl8
cl c4 c9 cl9
2 c8 cl0 20
c3 c21 cll c24
c5 22 cl2 c25
23 cl3 €26
cl4 c27
cl5 c28
17 c29
¢ 30
| 11 I v

Kl 1 TWINSPAN 73 RECRMORE N FEJ7 4G DL 4y
FKWITFE ql-q27. 555 LIV, FEAER,

Fig. 1 Result dendrogram of TWINSPAN N. Number of
transects; D. Division order; ¢l-¢30. Transect numbers; IFIV. Eco-

logical associations.

SACE S+ L& FERE A (TTD < 4 55 FEAF 6,
c75c9~cl5,cl7, F B 43 A 75 7 3 7R 0] FUAS TR S8 b
X, & 3 B 33.00% ~ 59.00%, V¥ & &% &
48.20 %6 HEALEE 5P M T 35 BE 42,8900, EE A
ARY B A LU A KB A P R (Ko-
bresia schoenoides) . S M 1 R 7 (Cortiella cae-
spitosa) i # 3F (Littledalea racemosa ), K J\ B
LR VR (Festuca rubra) ABFEHE (Are-
naria przewalskii) . vK)I| Bl 5. 55 7N K G (Leonto-
podium humilum) . )| F B R (Poa indattenu-
ta) & B 2 (Saussurea apus) . P /R 2% E 5
(Draba altaica) . 3% 46 ¥ (Callianthemum pim p-
inelloides) R B F (Oxytropis stracheyana) ., —.
TS (O. bicolor) 4,

SACE 5P + 85 /N RN (IV) A 5 R
c16,c18~c20,c24~c30, 3= B 43 A 75 JE A1 5 A KUK
X, 855 B 55,0026 ~80.00% , F- #4555 B
62.73 0% 58 AE AT 55 A X 36 B 0 50.9000 . E AR AR
Fls 355 3 (Potentilla bifurca) VL L
HELZ HBR WA KB I RAK 788 A
(Kobresia schoenoides) K AC &G4,

2.2.2 B X BAYAF AR NIET 2 & L T M Ml X
FEON T 2B 5 19 H S 2 DU A B A op e R0,
A S AR B BN i S B B s E A TIT v S8 6 5
2 0 EEAE /DN s BEAN TV ORGSR T 5
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[C] %443 (Stipa purpurea)

E] %P (Kengyilia thoroldia)

=] 04 X E % (Saussurea arenaria)
] £# 3K (Astragalus polycladus)
B K M E (Astragalus hendersoni i)
B FAEE (Carex ivanovae)

W 35/ KSE (Leontopodium humi lum)
O —ZFM3K (Potenti | la bifurca)
[ & &B & (Carex moorcraftii)

= 7k )I|#k = (Oxytropis glaciale)

BEM A (Group No.)
Bl 2 WFoE XA 5 BRI R Y B B

Fig. 2

2 Axis2

1 Axisl

B3 SAEH PR 30 SAEal R HR A R T 1 DCA HE
J¥ Al R4 Long. /RZJE: Lati. AL Temp. 7”4
MR ;s Wetn, /RAEIRIE B ; Pre. /RAEHFEW AL, c1-c30 F8FF
S5 Ass. RBEM; T-VIIL R BEAZERY

Fig. 3 DCA ordination diagram of 33 transects and envi-

ronmental factors.  Alti. refers to altitude; Long. refers to lon-

gitude; Lati. refers to Latitude; Temp. refers to temperature; Wetn.
refers to wetness; Pre. refers to precipitation. cl-c30 mean transect
numbers. Ass. refers to association, I-IV indicate the ecological asso-

ciations.

AR DA AR A i e, A T A 0 R L
BRI X E 2] B vE S S 2
2IERHFERBMADIGERRETFHXR

MIEL 3 F . DCA —Hi il Fe B b i A Sk Y
2 BTN A TR Y R 05 IR T 4 B A LA B A
B i) e f R I T S HER A G RR .
HEP 45 2R % . DCA B — Rl MR 3K 22 46 B2 L AF 2180
JEE LA L% T e AR DG PR AR O, 2 R ke 1 s ) K

Important value of dominant species of each Stipa purpurea steppe association

K284k, W 5 — v A A2 B A7 g 3K 5%
R AV o 2 32 R 45 4 30 T 728 R, Vi R D /)N o I T o O
D BE NS R R A ET S 5N KB RE A (TV) 5
BEREALH T R I A AD , H 3] +
LB BN (TID) 5 5 J5 o AR T 50 -+ 2% D O
D W& S ZHP N LB R, B AN 32 2
53 A% T8 FE 3 IR TR B 3 4 A DA TIT o 9 3] 3= 2 00 A 7
JHE A B BRI A FE PN TV,
2.4 YF SN

MIE 4 BAKSRE , Simpson 8 BU 14 5] B 48 $1
27 AR AL R AR AL, A T R S BSORE X AR
R, HRMNEKE (R O, 5 R8BS
I>FEN TV REM TT> 8 M 1, Simpson 48 500 #f
7% TII>HEN TV RN T> 6N T, Wy =5 o B 46 5k
o REVE T REA IV REN I I, #EAA T /Y
Y1 5) BE 4888 . Simpson 48 BUFI ) b £ & FE 48 BUAE 4
BEN T R B

R4 BENeSHMERTHE

Table 4 Average of « diversity indexes of each association

YHEE ¥WHER  Simpson

e/ 35 FTIR=IN .,
RIS e BER) M fRE (D)
Association . .
Transect No. Richness Evenness  Simpson
No. . . .
index index index
1 cl-c3,c5 20.00 0.785 0.838
11 cdsc8,c21-c23 18.20 0.804 0.837
Jinl c6,c7,c9-cl5, cl7 23.30 0.844 0.886
v c24-¢30,¢16,c18-c20 22.73 0.819 0.871

4 5 TR 4 2 R IEHS SR SR B 1 A DG A
Simpson J5 . 55/50 FEH KO W 6 40 0 T
A J 4930 4 R IR T 3 A
7 35 R 5 A1 0 B IR T A
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S 0.2 ~+E
2 W o1 +s1°
N P 0

1.3 421231820272924 6 9 111315

25 822161926283025 7 10121416

S Transect No.

Bl 4 AR PR RERE R R S
T8 B Simpson 5 %%
Fig. 4 Richness,evenness and Simpson indices of

Stipa purpurea steppe community

K5 osHHEHEARESHERFENBEXDH
Table 5

indexes and environmental factors

Correlation analysis among a diversity

W ER WA Smpson
B (R) BB B D
i}
H Trem Richness  Evenness  Simpson
index index index
W Altitude 0.328 0.479 * * 0.512 % *
25 Latitude -0.201 -0.411 * -0.367 *
24 J% Longitude -0.307 -0.564 % -0,528 x %
R O 0.184 0.366 * 0.330
Average annual tempera-
g K i (mm) -0.341 -0.374 % -0.471 %
Average annual precipita-
tipm Degree of wetness 0.383 * 0.616 * * 0.655 * *
e oxx BB FMIE P<C0.01; « BFMK P<0.05,
Note: ** Correlation is significant at the 0.01 level (2-tailed). * Correlation is

significant at the 0.05 level (2-tailed).

3 T

S AP R R A R A R R L TR — M DX Y
FEAT A SE MR T 5] A 3 DA, 3 55 V] P IXC 1) B 3
A5 (R 5 AL B0 R R 7% 40 KR AR TH] (Yue et al. s
2011)  — 7 TH b /s 2 DX A 37 6 8 vy, 5 (i) B %
SAEET R AR o3 S AR A R B 5 55 — T
AT U6 B 32 B 5 X (] — b DX A9 B 2R 58 A8 AR AR K, [R] b
DR T T IOARBE AR R A R 2% 5 . BETRHEIT 45
TR R 2 X5 AR B30 R D 40 A ) 32 B A T
TE SRR, RS A R MW R,
PR MR ) A BT B A ) B T L 5
M) 3 B K 53 1 A8 Ak . 48 405 3 R S T B o ) A 52
i) 38 B FK 4328 46 . BF L DCA HEF 55 — il i JL A

IR IR LA () 4, BB A v RN 28 26 B i AR b, [
T I R R UL B Y R A R R A AR T A
AR AF SAIRO6E R A G5 A1 04 5 e AR X RN o 55/
KOG — B A A R Y DX, LA /N KR R TR
TR B BEM TV JE T DCA HEJF B 5 42 F 3, F
P B3 A XM A B 5 9 K B T A R Y S PR R AR
TEOAEF YA . BN T LI 520 X 5 A 0 2% AR S
R UAR ST A A5 FRHE B % L B AT W Ak T
7 DCA HEF B s T o AT A REA T £
FLAY A DX IR AT PG R L X T SR B G A BE
Bl o SRR S0 LSRN G A1 T BE A7 - S R RIAE A
TR () R AL AR B2 45 2w, DCA 55 — %l )2 B
) FEARBE R F AN 0 i — 25T

AR A RENAS R (Wedin
et al.,1999;Yachi er al.,1999) , Hih o ZAEMEELE
UL R Z R BE R OOC R B N H B — AR
S TN RE S 2 PR R BE it . A SCHE S A A Bl L
B12E 43 AT T A TL IR DX 58 A0 B B R B V% 1 ) Bl 2 4
M. W 2R TE B R RE A TIT 32 A e
IO IR A] 1 DX, T T AR R 1 b PR 8 L 3 K DX I O
BEN A, HUH SR A0 BT 58 1 F1 2 7E DU A HE A
WIS R R A A HL B B A BOZ B =
N ZFEVEIREAE AR Y ok, BT AL T T
54 Y R I DX, 2 S A 58 A A O i, L R e
I R S NSO I A i o K 6 5 L
FEON 34 50 BE 48 RO AR ) Fh 22 B M o i B R A
AN W) REVE YR 2 AR S IR Z R ) 58 R AE AN TR
M XA — i, EHLAS [6) 46 ) 7 7% 550 b 5 0 45 09 AH G
KR WA —FE FEFEE.2004) . B TAHY B B
A5 A2 1 TR A ol oRT B 45 e o AN R — 35, AN (] A= 3 B 1Y
90 Pl 28 W U R B Bt 5 BRI Y 22 RE MR AR R
(Rey Benayss et al.,1993), K N &1 X A [6] # X
AT HAK 3 B A 58 . A SCHP B AA Y Simpson 4
BORN ¥ 5 BE A B3 5 R M OG5k R A
(2009) WY BIF ST LA — B0, Wy b 22 8 B 9 450 T v i
AW, [/, Simpson $5§ B0OR 1 4] B 45 %034 b
A 35 3% R I T R ) 1 0 T, R PR 5 PR
FSRREON=Y EP S N (ER 7/ I S s 1 TR A N BN
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