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Abstract: [Objective] This study examined the retrogressive succession of alpine grasslands in Gannan
Tibetan Autonomous Prefecture under Ligularia virgaurea expansion, and the associated shifts in community
structure and functional characteristics of poisonous-weed-dominated degraded grasslands. [Method] Taking

the typical Ligularia virgaurea-degraded alpine grasslands in Xiahe, Luqu, and Maqu counties as the study area,
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4 degradation gradients (non-degraded, lightly degraded, moderately degraded, and severely degraded) were
established. Through field vegetation quadrat surveys combined with quantitative ecological analysis, the
variations in community structure, species diversity, and biomass were systematically investigated across
different successional stages of degradation. [Result] With increasing degradation intensity, the dominance of
desirable forage species from Poaceae and Cyperaceae decreased significantly (P<<0.05), and the community
dominance was progressively replaced by Ligularia virgaurea. Species diversity showed marked spatial
heterogeneity across sites. In Xiahe and Maqu sites, the Shannon-Wiener index and Pielou evenness index were
generally highest at the lightly or moderately degraded stages, while in Luqu site, these indices were lowest at
the lightly degraded stage. Species richness was significantly (P<<0.05) higher at the lightly or moderately
degraded stages than at the other degradation gradients. Aboveground total biomass was significantly (P<<0.05)
highest at the severely degraded stage in all 3 counties. However, when Ligularia virgaurea biomass was
excluded, the highest biomass was observed at the non-degraded stage in Xiahe and Maqu, and at the lightly
degraded stage in Luqu. Biomass of desirable forage species consistently peaked at the non-degraded stage
across all sites. Belowground biomass showed pronounced regional heterogeneity across sites. In Xiahe and
Luqu sites, belowground biomass reached its minimum at the severely degraded stage, whereas in Maqu site, it
peaked at the severely degraded stage. [Conclusion] Overall, the findings demonstrate that Ligularia
virgaurea expansion is a key driver of retrogressive succession and the formation of poisonous-weed-dominated
degradation in the alpine grasslands of Gannan. These results provide a scientific basis for ecological restoration
and near-natural community reconstruction of poisonous-weed-degraded grasslands in this region. [Ch, 3 fig. 4
tab. 42 ref.]
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Table I Major vegetation types across regions under varying degradation level
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MDG 39.00£2.52 b 22 RiEE ., BEEE ., SHRRK, BT
SDG 9233+1.20 a 22 INERL, BT REE . R T

Y. FFIAR/NG PR R R LR LR 51 (8] 22 53 B 28 (P<0.05). W HLRHR Poa crymophila, TEFEHIRE. Elymus nutans . @18
. Medicago ruthenicus . 15 JRE K Ranunculus tanguticus . £1¥FE5 Carex przewalskii . R&9NZEW 3% Potentilla anserina . WFE
3k B B Scirpus distigmaticus . /)N 5 Kobresia pygmaea. 48 & K Carex atrofusca. .51t M8T Viola philippica. & & Iris
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Table 2 Dominant species and importance values along degradation gradient

EEH/%
H X TReRE Wikh
NDG LDG MDG SDG
i T Hb R 5.75+0.88 a 7.41£0.42 a 7.26+0.74 a 4.15+4.15a

RAF TEAEP I 10.73£0.75 b 13.93£0.62 a 6.91+2.05 ¢ -

fo T - - - 4.52+0.52

B 1.77£0.35 b 1.65+0.34b 2.09£0.46 ab 2.55+0.27 a

BT - 3.94+0.77 b 6.27+0.12 a 6.31£0.20 a
WHF LIRR AR 427£1.09 b 7.60+0.18 a 7.78+0.56 a -

= - 430+0.85 a 1.82+1.09 b 3.27+0.25a

WU Sk e - - 2.7240.42 -
s J A 5L 6.54£0.34 a 6.83£0.19 a 7.05£0.56 a 3.88£0.69 b
Eoras BT - 7.53+0.03 b 8.17+0.67 ab 8.63+0.69 a
— TEZ 5.74+0.57 b 6.53+0.31a 6.59+0.29 a 5.42+0.10 b

FTHZB 3 3.13£0.53 a 2.95+0.06 ab 1.79£0.36 ¢ 2.35+0.44 be
EER e LLE AR - 1.49+0.29 a 1.66+0.32 a -
PERRL DI - 4.06+0.88 a 3.32+0.63 a -
R Fe - - - 1.96+0.39
IER SeH 3.85+0.18 b 3.71£0.45 b 431£0.35b 571£1.12a

HR iR 2.76£0.50 b 2.20£0.45 b - 4.45%0.17 a
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Table 2  Continued
HuX TIRERF Wb R
NDG LDG MDG SDG
Tty £ ¥ b LR 7.71£0.05 a 7.25+1.27 ab 5.54£1.06 be 4.63+0.88 ¢
RAR TR 10.21£0.35 a 9.2542.52a 10.11+1.92 a 9.45£1.81a
(SRR - - - 5.55+1.60
s 227+0.44 a 2.01£0.44 a 2.15+0.41 a 2.38+0.46 a
B ER - 2.13£0.41b 5.66+£0.29 a 2.65+0.51 b
B L pFEEEE 5.94+0.49 b 8.12+1.56 a 6.47+0.15 b -
N 2.55£0.30 b 3.59+0.07 a 3.8240.69 a 3.55+0.68 a
XU Sk R - 1.54+0.32 b 2.67+0.51 a -
TR J 4 5L 6.99+0.60 a 6.78+0.15 ab 6.810.65 ab 5.41+1.27b
Eopas WS - 7.01£0.10 ¢ 8.31+0.47 b 9.87+1.07a
— s 6.84+0.49 ab 5.85+0.14 b 5.96+0.59 b 7.55+0.77 a
FIHZR S 2.41£0.46 a 3.00+0.03 a 2.57+0.26 a 2.404+0.46 a
EER 1o LA B - - 2.170.42 a 1.98+0.23 a
PEER} TR - 3.98+0.75 - -
R sl - - - 2.570.57 a
IR SE 3.86£0.41 b 2.67+0.36 ¢ 477+0.44 a 3.18+0.61 be
B e T 2.31+0.44 b 2.17+0.42 b - 4.97+0.50 a
Fhf £ LR 6.70£0.55 b 8.15+0.39 a 8.01£0.10 a -
RAF SRR 9.74+2.70 a 11.85+1.36 a 11.23+4.34 a -
SR - - 3.13+0.04 a 3.35£0.65a
e - - 2254043 a 2.91+0.56 a
B 2.76+0.53 b 5.23+0.23 a 5.79+0.89 a -
B FaR s 4.07£0.77 b 6.45+0.52 a 3.65£0.71 b -
= 3.80+0.63 b 2.42+0.46 ¢ 3.64+0.70 b 7.19£0.09 a
XA 3K - 2.37+0.46 - -
IS J 4 5L 6.79+1.36 a 6.71£0.67 a 7.00£1.00 a 7.81%1.75a
Eo R - 8.00+1.00 a 8.76+0.86 a 11.08+3.18 a
— HEZ 3 6.70£1.58 a 6.92+0.89 a 4.37+0.83 ab 6.53£1.25b
FIHZR 3 2.93+0.52 a 3.10+0.22 a 2.50+£0.48 ab 1.78£0.36 b
EEFR o L R R 1.13£0.25 ¢ 2.07+0.15b 2.21+0.43 ab 2.81+0.45a
PEER} PUES 3730 - - - -
HER HE 2.99+0.58 a - 2.34+0.45a -
IR P 2.35+0.35b 2.35+0.45b 4334034 a 5.60+1.62 a
HER KT - - 2.37+0.19b 5.17+0.68 a

VL. AT AN R /NG Rk R R 7l — YRS [l 3 51 6] 25 5 8 3 (P<<0.05),  “—” RRZMEYAFFLE . T F} Fabaceae, 25}
Asteraceae, % 7k F} Rosaceae, T H F} Ranunculaceae, 5 % £} Rubiaceae, B FEFl Iridaceae, 47 F} Apiaceae. #:i3E Rl
Violaceae . £J¥EZEWi 3¢ Potentilla saundersiana ., RISFAEIRB Galium echinocarpum . %&% Bupleurum chinense.

W RREAL, Bm s BB o e . ML, HARA R R (L Z R A TR E o A
Vi FETEA [FRE L SOR BB R B g AAFE 22 5 0 38 3 o EIT B AEHL, NDG @8 AR 3507 98 FEHEA 1T 3 19
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T B S Fdl B, NDG J3 90 A= A0 56 FE AT 3 Wb R TRl 5 . v b R BOR D e 7
5 LDG JFA A AR IR | LIAR R RIEAR B, MDG JF 8 AR A R | B S B RN
SDG JFH| N H 5 E . s MRS TR S, A 3 AR R B 5 A 250 58 B B9 AR S BT 0
ANFHRABE A — B P, ARSI T8 5 B A 3 IE ARG (P<<0.001, &1 1),
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Table 3 Niche breadth of dominant species across degradation gradients in all study sites

T AR R R AR
NDG LDG MDG SDG NDG LDG MDG SDG
B E 1 RHEBK 0945 0979 0973 0932 | fME 10 HEEE - 0.943 0997  0.992
2 BT 0997 0988 0989  0.941 11 BHZERESE 0996 0995 0992 0.993
3 KRR - - - 0.932 12 EIREZBESE 0931 0954 0993 0.931
4  EEE 0.926 0928 0.930 0.933 13 EllERE - - 0.929  0.901
5 RMEE - 0933 0969 0.921 14 HERAEGR - 0.933 - -
6  ARREER 0.933 0937 0.976 - 15 SR - - 0.931
7 /NEHE - 0955 0932 0925 16 5 0.990 0985 0992  0.941
8 AL - - 0.979 - 17 AT 0.931  0.932 0.992
9 i 0.968 0968 0995 0923 || mfiii 1 BHEHE 0993 0991 0976 -
10 HETEE - 0915  0.995  0.996 2 BT 0998 0998 0.994 -
11 BHEER 0992 0959 0969  0.960 3 BT - - 0912  0.931
12 FTHEEBESR 0948 0953 0924 0.933 4 EEE - - 0.931  0.932
13 LR - 0.931  0.930 - 5 MBERHEE 0.955  0.994  0.931 -
14 FAEB - 0.807  0.933 - AR 0931 0995 0933 -
15 B - - - 0.926 7 hEE 0910 0932 0979 0.968
16 2&i 0.995  0.957 0933 0.928 8 XMUAELEEE - 0.931 - -
17 HEHHT 0974 0923 - 0.949 9  RTEHE 0986 0992 0974 0.987
it ith £ 1 AHEECR 0998 0980 0931  0.963 10 HEEE - 099 0994 0995
2 IEREBEBEE 0995 0994 0977 0972 11 MSHZEBERE 0933 0993 0965  0.978
3 BrE - - - 0.947 12 ETAEZBESR 0930 0992 0952  0.924
4 EEE 0.931 0962 0932 0931 13 mIERED 0930 0984 0909  0.931
5 BHER - 0.931 0998 0.931 14 FERREB - - -
6  LIARER 0.994 0976 0.978 - 15 BE 0.931 - 0.931 -
7 /NETEE 0.991 0979 0933 0.931 16 549 0.942 0931 0931 0.947
8 XL - 0.921  0.931 - 17 EAEMT - - 0.923  0.949
9 S 0.994 0.995 0933 0971
Y =7 IR LAY AR
Lo SLEWE Loo . S BRI roop S3MME - .
i 0.98 X 0.98 t. ce L . 0.98 * . .
{g 096F .o 096} - . 096 . °
41094 . P=0.730, P<0.001 o4 e 0.94 s
oo & . 092p - #=0.686, P<0.001 092 © . r=0611, P<0.001
090 —t—1t L L 1 090 L 09—t 11
0 2 4 6 8 101214 16 0 2 4 6 8 10 12 0 2 4 6 8 10 12 14
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Figure 1  Correlation between importance value and niche breadth of major species in grassland communities along different degradation gradient
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Figure2  Changes in species diversity of grassland communities along degradation gradients in various sample plots
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TER T B A (4 3A), SDG #6849 B 0.3 % T NDG. LDG il MDG (P<<0.05); EBR 2 5 &
J5, NDG S AW, HR& R THAMRMAE (P<<0.05). IhfEREITm, RAR AP LI NDG i
=, LDG. MDG #lI SDG . # X T NDG (P<<0.05), . SDG RARHEY EITF 05 PEAH RV
Py it Ll NDG #e i . LDGIRZ . MDG 8k, SDG 5 MDG 4% ; K AEY L) NDG i, H5
LDG 715 2 5% (P<005), MDG 1 SDG Tt 5255 , {1 —#HEF NDG Al LDG. 7eikill ELH:b
(K1 3B), SDG E/EWiRR, 5 NDG. LDG {77t & 225 (P<0.05), MDG 5 SDG Jol % 225t ; bk
WEET)E, LDG MVEY e, H'5 NDG LW #E2ER, (HE %R T MDG F1 SDG (P<<0.05). JIRERF
Hr, AR LB R I R AR AR W B A AE B 25 R (P<0.05); VRERMEMRLL NDG fem, B T AL
IEBAIE (P<0.05); TRHEYIRLL LDG Bl . NDG K2 . SDG efit, SDG 5 LB IR 16 523
225t (P<0.05); AEH/EYHELINDG . MDG IKZ, LDG 45 SDG Tl %255, TEM il ELAEH (B 30),
SDG S Y, MDG 5 LDG Bl 225, H "% W35 T NDG (P<0.05); EBREmEEHG,
NDG S E Yt fem, SDG 3R T H MR LS EE (P<<0.05). ZHRERF I, RAFIA:YH LI NDG fi
i, LDG 5 MDG it 3 22 5%, SDG 5 HoAth iR A A 5 A7 75 il 35 22 57 (P<<0.05); V& B BHAE W& L
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Figure 3 Changes in biomass of grassland communities along degradation gradients in various sample plots
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NDG 5 LDG &, Ho# LR EES, Y& T SDG. MDG; TRHEW R LI NDG ftm, HABH:E
[T &2 5 AR (B 2 s A Wy B A A A B 22 57 (P<<0.05)

RN AR AR B R b RIS R AR AR An 5] 3D s . AEEDMT LR, LDG By R AR
HigE, HEFET NDG. MDG. SDG (P<0.05), H A BILE R N F25 . Ehkih B A,
NDG Wb F A i, LDG 5 NDG T #x%, H-#H B E S T MDG. SDG (P<0.05), MDG 5
SDG L% 2 5. e BeH, M AYEMNERKIK S : SDG. NDG. MDG. LDG, {H#iR1k
T E 1) 1 TG Wl 35 22 5
24 ARBRUHEEMBEEYHSHEERESSEYENHEXEST

H 3 4 AT BEEYIRN ZREEFR B0 S & E Wi AR bR 2 () A A B 3 Gk (P<<0.05). B B EE R
MKy VSRR APy 5 Shannon-Wiener ZFEHEFEEL . Pielou 4] JE 54 & Margalef & 553 2
B IEASE (P<0.05), M FAEY &S Shannon-Wiener £ FE14: 5 80 & Margalef =F & B 158 80 n] e 52 B &
IEAHG (P<<0.05), Y Pielou ¥5) R BUR R IEAC, (HAAEREME, SHb AR S ST Ay EZ 0
M A OE (P<<0.01); PHRb LAY S 8 T AR Y e 5 3 A G (P<<0.05), SR /Y
5 R AR R R B IEA G (P<<0.05),

R4 BEMEMBEMHSHEEERESEMEMENEXES T

Table 4 Correlation analysis between species diversity indices and grassland biomass in the sample plots

WK Shann‘on-Wifner Pielou ‘ Marga]ef Si‘mpson‘ TAB TABLv GiB CyB LeB B TuB
SRR WSERE R SRR

HiE TAB -0.476 -0.618 -0.619 —0.095 1.000

TAB-Ly 0.571 0311 0.524 0.048  —0.690 1.000

GrB 0333 0.228 0.262 0.071 -0.476 0.738  1.000

CyB 0.833" 0.719" 0.833° 0405  —0.595 0.810"  0.595 1.000

LeB 0.476 0.216 0.619 0 -0.810" 0.929"  0.810° 0.780" 1.000

FrB 0.667 0.419 0.595 0.214 —0.667 0976  0.714" 0.833" 0905  1.000

TuB 0.762* 0.551 0.714" 0476  —0905"  0.643 0476 0.738°" 0714 0667 1.000
s TAB -0.190 0.095 -0.762" —0.143 1.000

TAB-Ly -0.595 -0.762" 0.357 -0.643  —0.619 1.000

GrB 0.095 -0.095 0.905 0.119  —0929" 0619  1.000

CyB 0.143 -0.143 0.643 0.071 -0.952" 0619 0857 1.000

LeB -0.381 -0.643 0.333 0453 —0.690" 0.881" 0571 0.643  1.000

FiB 0.452 0.119 0.571 0357 —0.929" 0405  0.762" 0.881" 0.571 1.000

TuB -0.167 -0.500 0.548 0214 0833 0.810"  0.762" 0.833° 0.881°  0.714° 1.000
i TAB 0.238 0.143 -0.310 0.405 1.000

TAB-Ly 0214 0.190 0.738" 0.095  —0.595 1.000

GrB 0.071 0.119 0.667 -0.024  —0.643 0.976"  1.000

CyB 0.214 -0.214 0.810° 0 -0.167 0.738°  0.690° 1.000

LeB -0.048 0.048 0.500 -0.167 -0.619 0.881°  0.929" 0.690° 1.000

FrB 0.190 0.048 0.762° 0762"  —0.619 0976  0.952° 0.786" 0905  1.000

TuB -0.262 -0.286 -0.429 —0.405 0024  -0286 0238 0.048 0.071 -0214 1.000

B TAB.S EEYRE; TAB-Lv. /B (EREREE); GBAARH YR, CyBIFER YR, LeB. SRR HAEY R FrB. 2k
JeRi AR TuB St FAEY R . . BEEHIDE (P<0.05), **. B FEHC (P<0.01).

TERR R BAE A, B E A YRS Margalef & 5 5E # TUMH ¢ (P<<0.05), HE5RAR, ¥
TR Fe 226 vl |k A ] SR A 3 UM OG (P<<0.01), [AIRE, HS R R AR Y B B R e
(P<0.05), LEBMEFHEIE, BAYRS Pielou WA EEHE B AR (P<0.05), MGRAR, P
Bl R A S TR AR Y R IR S IE AR O (P<<0.05). RARHE YIRS Margalef & &
RACE I B B OC (P<<0.01); PRRRM DAY 5 & SAEERR Y L B M e, (HERAR LAY
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R IEARDC (P<<0.05); GARMHL FAY R S BRI T S 0 B AR R R T AR Y R R
FIEAHDG (P<<0.05); Z4ekidh BARY N S ARARE VSRRl BA: Pyt 4 5 B 2 EAHDC (P<0.05). It
Gb, BN AR A BB E S S R AR R R B IR A SE (P<<0.05), RIS RARL, I
FRL OB R AE R H EARR  A  EE TE ARG (P<<0.05),

I B, KBRS TS A E Y RS Margalef =F & B 8 808 38 1IE A5G (P<0.05), K
AR EAEY) RS LR E TR R A B A YR SR R IEAOC (P<<0.01). YRECRRML A E AL
5 Margalef & B8 502 W3 IEAHOC (P<<0.05), 5 ABreimaE i i e b A Y a LORARHb A
Py ¥ 2 W IEARDG (P<<0.05). S RHb FAEY &N LR E TSGR a LAY E . WERH EAY
HE R EIEAHK (P<0.05), S5RARMD FAEY) &2 8 EEAHSC (P<0.01). BAh, Z22E Y&
5 Margalef £ & FEH%. Simpson ZFEPEFE R 1 1.3 1EAHC (P<0.05), S5EBRE a5 5 a0 1A
it A W2 EAR DG (P<<0.01), HERAFRL, RPN G FAEY) b4 5 W2 EAEE (P<<0.01),
3 ik

R R EDUR A R B AR I 25 A el AR Y, S v AL AR L S s, BRI R Z S
L NAFIERY A A7 V8 FE A S A B IR R R RE 0, SERERROC, W R IRIREAE I R ) 5 B IR F i R
WAL TR LMY, ABFgEh, 3 ANFEHL NDG 1, Wi PR . S E . mfE T . A E
Bk A E R, R T RBIL R B I 0 B AR 5 Re . BHIRALINE), Ee ST E B, RA
BE WER SRV EEEEE TR, EeEERESCOEERN, B IR SO0 RO, A
HC3E A PR A R A K o W B B R L B R AR K, TR IR IR S P X IR b A S AR A
TEERMA L, BRI SEEEAARERY, MHCE I R ZHBMMIEEER,
AL TE A7 EEE . FRBE R SR ) 5 4 A R R BRI PY 3 MR T Y AR R IR ARG, (R
T CHHREA R IR R ZRENE” B AESHLEIPY, HAHDCHE SR B A 25 S, SN 5 R b A e T
PIFRLE AR OGP, B B AR SR R . BRI ARSI, MO , 30 B R R T 4 i
PEsE P A AR ARIR , AHOCTER 55

YRR RS REDRE S WSS A, bR A KOT 0] S WUV 45 R e M S (Bl
RBLET AR, B EORNRLR LA B R 2 A5 522 B A i 3, Shannon-Wiener 22 A 145 %K
Pielou ¥4 2] BE 48 %1 . Margalef “F & J£ 48 £ )¢ Simpson Z - PE 48 80 7E LDG AHXS # /55 ; 3 i 2 Shannon-
Wiener ZFVEHEEFE MDG AHXT B S . 78— m U BN, BF B X R 2 A —E@ 4e R R,
o6 3ok ) 2 B R 0 R 00 B, Bkl B Shannon-Wiener ZFEPEFE R UL LDG fAIX, B ALV B R a3 B
Tk AT RRAREEVE A IR LRSS, ZREMEA ATl TE, (ERE LR, PERUHOR & FL AR,
SAKRFE, B FE RS BN AT AR E A A 2R, X5 T A ) BE R T A S AR A E M I R A
FA R B IFC,

A= S BE S A P A RN, D RERE A W R B LR VR b SAE DY, ARG, = s
FAEYEMETEESEASRE R, FERETEEAY R HRETEEE, EAYRD
ERENL, HEALRARR R R T AR A B, SRR R IR 4 R 5, R B S ] A
A, R RCR SR LLFIREAR . = RARE . WRRHS 2R F A Y S DR IR OB e, X
WO ST AR A N b 2 Rl B2 R AE Y AR AR B (R 25 ARG, 5 KR 2R AR AR R
—3 . URMEYEAEEN . H DA IR RS B ey, FERRIN S DU BRI RS B ey, SR 5
DG IRMLE AR, URMEY R BRI, X245 5ERMER TR AR — 2

Hi T A= e o) e b AR A 4 e [0 A b b A A R RURRES BT B AR ) e AR AR AR B (R AR A
25, RIWIIAEY A T Z N R R R AR, R S S 3R R AR, IRRA
Kz, fxph B N AW EAEANRRASE R 25 B2, BRI PERE LG BT, RRAEY AN
o B R AR Y bR AR B A, 5 B . SR R AR AR G, BT
SET T PR T AT o AR A

Pearson AHICHE /AT 2 . — Ml 07 52 5 28U R b ) b 22 A6 1 5 A 0 o A R G PR A A B 3 X B 25
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o AR E R FA YRS 3 RV AR B EARDG, B T A& 5 Shannon-Wiener Z VL5
. Margalef £ 5 EIEE NI HER, TRVEYEE D FEEMC, SH BS54 Y 2 B2 A
X, PRBURYIAE R AU T A SR A FO AU AR AR Al B S B AR 8 5 Margalef & B 5. S
AR RS DI RE AR ) R 0 R O A OG, IR R B R A OO R I, R R E RN
AREIE PRI OC R B OCER I 1Y, i BRIRR R s B, B/EW RS Margalef 5 FEEAREL. S UIBEHEA:
YRR EIEMG, RARHS GRVEY) & RN D IEAHDC, RIBFEIRE W ), IO XA 5 i
BT RA SRR

4 i

ASBIFSE T 2 X0 AT ey D g B S R A i E B R VR G MR AT ST, DT T
TEARIR A2 H IR EAR I iR 2 A 5 DI RE AT ML . BER IR AR, B 3 B A0 UV L
PR | AR AL RBOE BN SR, EORARL WRBE R EERE MR, R4l A RA
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