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Abstract: To clarify the community structure, distribution pattern of wild vascular plants in wetlands of the
National Nature Reserve for Black-necked Cranes in the Lhasa River Basin and their relationship with environ-
mental factors, the study conducted field surveys on 23 typical plots in the reserve from 2022 to 2023, using
methods such as TWINSPAN classification, CCA ordination, and diversity index analysis, to systematically
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investigate community type classification, spatial distribution characteristics, environmental driving mecha-
nisms, and the coupling relationship with black-necked crane habitats. Results showed that a total of 114 spe-
cies of wild vascular plants belonging to 83 genera and 34 families were recorded in the study area, with dicotyle-
donous herbs as the main components; TWINSPAN classified the communities into 7 types, among which the
communities were mainly composed of herbaceous plants, with fewer arbor plants. CCA ordination indicated
that longitude, mean annual precipitation , slope gradient , and slope aspect were the key environmental factors
driving community distribution. Diversity analysis showed that the Shannon-Wiener index (1.31-2.95) and
Simpson index (0. 37-0.99) were significantly different among communities (P<0.05), and the Mantel-test
confirmed that mean annual precipitation had the most significant impact on the Pielou evenness index and Shan-
non-Wiener index . Further quantification by RDA analysis showed that longitude, mean annual precipitation,
slope aspect, and slope gradient were the core factors regulating community diversity. Among them, the Shan-
non-Wiener index and Pielou index were positively correlated with mean annual precipitation, and the Simpson
index responded significantly to the longitude gradient. The results revealed the adaptation patterns of plateau
wetland plant communities to hydrothermal gradients, providing a theoretical basis for the protection of black-
necked crane habitats and wetland ecosystem management.

Key words: Black-necked crane national nature reserve; Quantitative classification; Ordination; Community

diversity ; Environmental factors
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Table 1 Number statistics of wild vascular plant family, genera and species

family No.of genera No.of species Varieties Form Families No.of genera No.of species Varieties Form

KRB FL Pteridaceae 1 1 FESAEFF Ericaceae 1 1
HiE} Cupressaceae 1 1 1 R FAEEL Primulaceae 1 2
WAL Salicaceae 1 1 W 5 Fl Plumbaginaceae 1 1
HF} Polygonaceae 2 2 Je R Gentianaceae 3 4

AL Amaranthaceae 2 2 2Rl Boraginaceae 2 3 1
1778} Caryophyllaceae 3 2 1 JBIEEl Lamiaceae 5 5
B A} Ranunculaceae 3 3 511 24 %} Orobanchaceae 2 2
/NEER} Berberidaceae 1 2 % %%} Scrophulariaceae 2 2
5= KBl Crassulaceae 1 1 ZEHiF} Plantaginaceae 1 1
JE B # B} Saxifragaceae 2 2 JIEE Wi B Caprifoliaceae 3 4
% Rl Rosaceae 9 14 1 2 FKi#EE Campanulaceae 4 4
Bl Fabaceae 4 6 4Bl Asteraceae 8 14
K& Bl Euphorbiaceae 1 1 RAEL Poaceae 9 11
T FF} Celastraceae 1 1 P HF} Cyperaceae 2 7
Fii & B} Thymelaeaceae 1 1 ST HER Juncaceae 1 1
T nF} Araliaceae 1 1 B A B Liliaceae 1 2
DI EF Umbelliferae 2 2 A5k Amaryllidaceae 1 1

41T Total 83 108 4 2
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nudicarpa; S3, Pennisetum flaccidum; S4, Rhododendron primuliflorum ; S5, Salix oritrepha; S6: Berberis approximata; ST, Carex sargentiana;

S8, Juniperus tibetica; S9 , Caragana pygmaea, S10, Caragana jubata; S11, Elymus nutans; S12,Stipa capillacea; S13, Carex kokanica; S14: Juni-

perus pingii var. wilsonii;S15, Potentilla parvifolia; S16,Sibiraea angustata; S17, Campanula cana

R2 CCAHFZITHHT
Table 2 Statistical analysis of CCA ordination

1 fih2 i3 4

Axis 1 Axis2 Axis3 Axis4

FFAEME Eigenvalue 0.48 0.38 0.24 0.17

B 5+ i Explained variation  13.39  24.93  31.90  36.94

hy S AR G 093 089 089 0.75
Pseudo-canonical correlation

Wb =B85 J7 22 Bt 32.06  57.62 73.34 85.34

Explained fitted variationt

2.4 BEZHMEHSW

58 5T Gleason F & B 48 %X . Shannon-Wiener
Z TR Simpson ZFEEFR RN Pielou 325) B 45
B XA [ v ) ) R 2 R AT A BT (R D)
45 R W n , Gleason + & & 48 81 ¥ H Jy (4. 96 &
0.73), i KAH 6. 20 5 fg /M 3. 25, # 22 /0 TF 8
{8, B 7% AH X} F4 72 5 Shannon- Wiener 2 #E P $5 504 (.
o (2.37£0.05) , ¥ [l 1.31~2. 95, b #E iR 2 1L

0. 05, & I 22 B T Z2 REPE K45 o AU BORE 75 I
Y Fh2H B 22 5 5L B BURRE s Simpson 2 A P 48 5
fHC0.84+0.13) , LT BIS W AE 1, /R ZEUBEIS
PR 55 AR A I [ 0. 37~0. 99 K W # 43 #F
Ve A AE R SR S R X ST B W A A A A R
Pielou 2] FE #8503 M (0. 72+40. 19, 7 4 8 5L
rh AR S R R e, BV AL R A0 A B 5T 2 R
A BORE VR DR A B 0 5T P R B — R 3
1117 22 B50RE V% W ol 43 A A X 80 4

Xt 7 FREVE YR 2 REPE AR B AT R AR g e
(E 5, 85 R SR BIEMAA ESSAA, BCR AR EER
JrER . S5 R R W KRR B %) Shannon-Wiener
% ke PE 48 #0(P=0.032) 5 Simpson £ £ 1 & %4
(P=0.04D) ¥ £ 8 b & 2 7 (P<<0.05) . H v,
Shannon-Wiener 8 85 & R M Fh £ E 535
R O S 25 S SR W RE K R) A FoRE X S B e A A 1
SY W (R 25 50N A7 AE 434 5 T Simpson 48 £07E b i
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Table 3 Correlation analysis of the first two CCA ordination axes with environmental factors
Al 1AR P Al 240 S Pk HIE REL 3
Axis 1 correlation Axis 2 correlation Coefficient of determination (R?) Significance probability
2% Longitude 0.76™" 0.09 0.77 0.002
AR K BE AMP —0.15 —0.55" 0.61 0.012
Y B Slope 0.09 —0.39" 0.54 0.014
Y 1] Aspect 0.11 0.62"" 0.59 0.038
3K Altitude 0.18 0.04 — 0.18
Z5 ¥ Latitude —0.26 0.13 — 0.328
AR AMT —0.08 0.11 — 0.756
R4 TEFHEMHSEMERERSSE
Table 4 Overall sign of species diversity index in different communities
T8 Z FEE 48 5L Species diversity index M £ AR UEIR ZE Mean—stand error  fir K Max fx/IME Min
Gleason £ & JE 4§ %0 Gleason Richness index 4.96+0.73 6.20 3.25
Shannon-Wiener Z #£ 4§85 4 Shannon-Wiener diversity index 2.37+0.05 2.95 1.31
Simpson Z P48 4 Simpson diversity index 0.84-+0.13 0.99 0.37
Pielou 5] £ 5 %4 Pielou evenness index 0.72+0.19 0.89 0.01
81 p>0.05 41 p=0.032
ﬁ
6F > 3F
ﬁ Jr % a ab a a
i ? %7 7 A\ 7 %%
o % = % /77 b
oo4r 2 / e 2F 7 ¢
= 7 7 2 R
2 = |\ 7
S = Z 7
= % g % 7
© 2f E ri )
< 7 7
7 7 2 W
2 /,/ ,// ,/;/
0 7 7 / . /
A B D F A B F
121 p=0.041 121 p>0.05
b b
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i B ERR A IR
7z ) .
¥ I 7 £ Z 1 7 S
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® 0.6} 0 Toelk F
= 7 7 H 7z Z
2 2 / 77
& < 7 7 77
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Fig. 5 Analysis of species diversity differences among different community types
TE:A~G AP RR IS 1~REE 7
Note: A-G represents community 1-community 7, respectively
PRI B 4R by, R 2 S — PR HEVE LS ML Z T, Gleason 42 JE 15 805 Pielou 1 5] Ji 15
Toft A2 K Wy A0 H 8 Y R 3 R Rl — BB BE S UL R ) 25 S ORI R R OK O U WA AR I B
PRI 5 0T 53— LT % ) o A BE Sy B 46 B R ST PEAR R AR E R IE L 3 AL
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2.5 EESHMEHSIIEREFH Mantel-test 1 58
ST

AR P PR X A ) B T 22 AR VRS R 1 2
AHFFEHE T Mantel-test ki 35 A4 £ 1 AH CPEI A 5 1)
HKEIE 6, RGE AW T LA & 50U ZHM
TRECZ B FR o AR SREIK B IR N 22 PR P 52 ) B 10
F A F, 5 Shannon-Wiener $§ 50l Pielou 3§ 812
(] 123 Sy i 3 AH G 3 150 I 7 R /K 6 v ) DXk, A )
HETE RN o 25, B A oA Sy . 4F
Y B 5 IR B O OC B 2R R B [E] 1
AHOCPE AN B2 X R R B R TE bR A B v S

FUEEPE AR AL B AEAS B 5 X 36l N TR 3K Bl A ) 22 e
AR . 53 4h, Simpson 15 585 i A R8s K
TR AR OC, R WL 7 L AE 25 B BB FR
JE o Gleason 5 HUR s 5 & FREEAZ 5 (19 1 & A0 G,
5& W FRAECER S, i — DRk T iR Z PR
B S (R 3, 5)h , Gleason = & 18 BUAE B V%
] 22 5 A8 KPR - m R X AR, A2 R
— RS R F ) PE . Mantel-test K 56 25 S B #7145 1,
S5 A R I B KO SR Sl T 2 AR AR A )
Wi Hrp AR B R K s By 52 m i oh B3 g 5
3 [ 28 S 14) 5% M A U2, 9 IX U RUBE 1 A 58

© Gleason
Pearson's r
#; ] Latitude ° ]
@ Shannon-Wiener
Lo.s
2413 Longitude | (J
Lo
S Altitud y © Simpson
itEH Altitude \j 0 L0.5
L1 075
W) Aspect | O OO Mantel's P
© Pielou 0.01<P<0.05
YEFE Slope I:\ E D [:] >0.05
Mantel's r
wmavt | O | o |[=| o | [ o —— 0.0083520315
— (0.108 3520315
. = e ().208 3520315
gkt ave | [ | @ || D \j - o — (308 3520315
[} [} ) = 5] ~ o,
§ ¢ ¢ & & 5 &
E ® E Z2 ®w < <
= 8 = 2 om B o=
{ = & v =y
e E o= f @ 2
‘ G Ry
H_

E 6

B & H 15 5 IR E F Mantel-test i 36 53 47

Fig. 6 Analysis of mantel test between diversity indices and environmental factors

2.6 EHESHMEBHSHERTHRDA ST
TR AT — 2 ik 7 AR X R 2 R
PEFR B kv R RE ) B R R (R 5. K6
7). DCAHEF Won% —HK N 0.4,/hT 4, H itk
K HI RDA #EA7THE & Z HEME AR 405 5 I 19 4
J7 53 M o HE T R 2 Bl W R — BR R 7 25 R R
ik 83.45% , K W1 AT M AT LA M B 2 4 1k 4 4R
5WE R 7 REAESME . 5 CCAHF
O3 BT 5B B, M A U R X W S 5
AT A R TE IS F VNN R EP S (A
AR SR B . SRR RIK B AT 5 (999 RO 45 R R
W P K R 0,026 (P<<0.05) , §id B R 85 K 1 78
RDA 43 25 HE 7 bl DL 214 B0 f B . L, i
P Bl P — A 8 2 R R R AR Ol 83,4506, Ui

Pl AT DA 8 2 R R S R B OC R A A O 4
MNHE P il R AE R Sl LRRAEE A 0. 27, B gk i B
27.29% WIAE St H S 2 B B W R AR OG, TR
FERECH 0,53, J 5% W 22 B 25 RS Jmy () B 2 A
T 2R ARAE R 0. 17, i B 17. 8400 W48 St , &
5 W) SR W UM OGS AR R OK B R
TEAHDG, & g RECG 5 0,49 F1 0. 340 o BR
B0 R T R B B AR B OK
W Ah BB SR 2 2 U DG, BT X
WOER T 2R TSR RO AE YR
i TR R B ARG, FL YOS W 3 X 22 MR R RO B9
KB VE A5 . N REE SR B m N O ROR A
Pielou 48 ¥ A HE 7y (&1 v 5 4F ¥4 [ oK S )] &t J7 19 46
] L B B30, B K X B R 35 50 B (Pielou 48
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Fig. 7 Redundancy analysis of diversity indices and

environmental factors

O A & B4 09 245 ] 5 Shannon-Wiener 45 £
b 2 N E WS 1 o SN2 S NS R L B A
X F B 9% 2 R K SF (Shannon-Wiener 5 %80 5 i
Wt , 4 b A ) R S B ) 2E A7 5 Simpson 45 £ 0
BAE T 0 R R s W S XF % R b LA SR 1 M)
M Gleason F & FEAR U M0 AH , HZ L2 W ¥
LG R H R E 0 OCHK . Z5 |, RDA T S
CCA HEF .Mantel-test & 46 2% B — 8, b — B E 5L
28R AR YRR K B B ) R 3 B O R O 5 IR VR
Z RO

3 it

3.1 EUEESEXSHEFESW

FERE B A S Ao h B 2 S HE ) R — b
A DL W ) Rl s R R T S AR IR 2 R G R
(5 v BRSO3 BT 2 MR A6 A R By [) 4 1) B
BESEATIE S, DOTRE Az K B 2 DL B A b5 T
5 5030 AR D7 A A TR — BT 2 L M EE
ZF R AR R R o B SR TAS [ A SR e
T ) B A H kg A R R ORI
R 8 o, B e L AR i X 2 43 (8 1Y e 1K Ok Rl 4 O
JIT Ja8 B BV ST R T X AR B AR A
F A L AR AR S X o0 A AR, R T
Xt e DA 1) R 7 M 5SS ARG S T
DX AF 5 45 R — 3%, 3R W BE 8 (Kobresia) # ¥ 1
VG T SR ] K RO IX AR A R v i G i b
B0 o AXUAF 2 Fh T AR B JE A IR BT 95 R R =
FEQR X RE B DA RAR Ry T2 )2 U 5 A T B B
FEER R G, X5 PBAED AE T S FE M XA
Dangles 55" 78 4 55 Hr = (L Hh X9 F 0 45 S — 3¢,
& I B Sty A S R B A R A TR A K R B
WS 5 A A SR . ST i TWINSPAN
VEAE R 53Ry 7 R I S e R VR 2GRN BE -
REXNBEREE GRE 7T(AE DI E RO
O3 AT REAE 5 R A% O A . b I A B
o7 A ) 2R R AN XL

x5 RDAHEFHEXIEHSH
Table 5 Analysis of Relevant Indices in RDA Ordination

Bl Axis 1 Bl 2 Axis 2 i 3 Axis 3 Al 4 Axis 4

FEIE (. Eigenvalue 0.27 0.17 0.08 0.41

fif B A% S i Explained variation 27.29 45.13 54.07 95.44

£ HLE A ¢ Pseudo-canonical correlation 0.68 0.63 0.00 0.00

Wb -3 5505 22 21T Explained fitted variationt 50.46 83..45 100 100

6 RDA HEFF BT A 5 IR 5 E F 948 X 15 47
Table 6 Analysis of relevant indices for rda ordination
Al 1 AR OCE Al 2 AH G HE R 5
Axis 1 correlation Axis 2 correlation Coefficient of determination (R?) Significance probability

2% Longitude 0.76™" 0.39 0.53 0.006
AEFIREK A AMP —0.42° 0.56" 0.34 0.029
W1 Aspect —0.46" —0.71"" 0.49 0.022
Wi Slope 0.19 —0.41" 0.31 0.041
¥ Latitude —0.28 0.19 — 0.540
Wk Altitude 0.19 0.31 — 0.544
IR AMT —0.07 0.24 — 0.700
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