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Abstract: The plant community was damaged or stripped by antimony ( Sb) mining activities in the karst rocky

desertification of Guizhou, China, which destroyed the species composition and structure of the community, damaged the
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function of this ecosystem. This study aims to well understand the actual vegetation, community characteristics and
succession stage of the community with dominant species Betula luminifera in the Sb mining area, and provide the
theoretical basis for revegetation and ecological rehabilitation. After the field investigation dataset of the ecological damaged
area by Sb mining and control areas, the Levins's and Pianka’s method were applied to evaluate the niche width of species,
the interspecific niche overlap, and the interspecific associations were assessed by the chi-square test (X*), Ochiai index
(OI) and Pearson correlation. The results show that (1) there is only 14 families, 18 genera and 22 species in the
ecological damaged area by Sb mining, which is lower than that of the undamaged area of control, with 30 families, 53
genera and 68 species. The only tree species is Betula luminifera, the shrubs layer species with top three importance values
(1V) are Buddleja officinalis, Rubus parvifolius, Boehmeria penduliflora, and the herb layer with top five IV are Miscanthus
sinensis , Polygonum capitatum , Ageratina Adenophora, Artemisia argyi and Bidens Pilosa in the ecological damaged area by
Sb mining. (2) There are significantly positive between IV and niche width of species in the shrub—herb layer of Sb mining
area and the layer of control area, while the niche width of different species shows inconsistence, which may be ascribed to
the specific biological properties of the different species. Except for the niche overlap between Rubus coreanus and
B. penduliflora is 1 in the Sb mining area, the niche overlap of others interspecies are low. (3) The main species of shrub
layer in Sb mining area of karst rocky desertification has a significantly negative association, and the species pairs of
negative associations are relatively high (5 pairs). The main species of herb layer of Sb mining area has no significant
association, while high association values are observed between A. argyi and M. sinensis, A. argyi and Trifolium repens,
T. repens and Ageratina Adenophora. It suggested the community at the early succession with extremely unstable stage. In the
control area, the main species of tree and shrub layer show no significant associations, the main species of herb layer
indicates the significantly positive association, indicating that the community is at relatively stable stage. (4) The results
suggest that ideal plant candidates are the species with similar ecological habits, low niche overlap, and positive
interspecific association for the purpose of Sb mining area revegetation, such as B. luminifera, Litsea cubeba, B. officinalis,
R. parvifolius, A. argyt, Pteridium aquilinum, M. sinensis and Digitaria sanguinalis. It will help to construct the plant
community with high stability of multiple stratified of trees, shrubs and herbs. Taken together, the plant community in Sh
mining area characterized with low species composition, and unstable plant community, and an early stage of succession. It
will take a long time for rebuilding the stable plant community in the Sb mining area, and the suitable native plant

application and vegetation arrangement during the ecological rehabilitation help to facilitate the revegetation and sucession.

Key Words: karst; antimony mining ecology damaged area; importance value; niche; interspecific association
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o ux Ak B OFA

B A AR X RBIR X
3 2 _
A R*=0.99 P<0.001 FFAR R2=0.75 P<0.001 O
ﬁz{: R2=0.86 P<0.001 g R R*=0.85 P<0.001

Bk R2=0.77 P<0.001

HZ5AL 9 B Niche width

FHIH Importance value

E1 Sy ESHERARMARHEIRESUEEESEEZEEDXR
Fig.1 Relationship between niche width and importance value of Sb mining ecology damaged area and natural ecology area

F 52 327 LA DX 1)

F3 BUWETSEARMABFAREARETEYTHESAERE

Table 3 The niche overlap of main species in shrub in Sb mining ecology damaged area and natural ecology area

ot iy e i K
Species Rubus coreanus Buddleja officinalis Rubus parvifolius Boehmeria penduliflora
1 YL Rubus coreanus 0 0 1.00

R AL Buddleja officinalis 0 0 0

B85 Rubus parvifolius 0.28 0 0

JKIK Boehmeria penduliflora 0 1.00 0

AR R BT A AR X TR 2 AR L A AL R AR RO A R R X T AR ) A A TR A

BER A AR XA BN X\ A Y A SN S B (R 4) BR300 A SR X Yy Fh AR 5 7 =t
A A B R R (0.51)  MRUGR I =538 (0.42)  #2R 530HE.(0.28) , BIR RS T (0.26) , IR
R (0.24) , P25 H(0.20) o RBEIR XY PR R 5 i R A S EEE 0.61, LR 5= 57
SRS EEE R 0.51, BE SR AN EHEEN 0.47, R 5P D SRR R A S
TlHY A 0.29, WHRIH B RS AR R E S8 0.26 A1 0.27, HAWRH M ASMESHE/DNT
0.20,
2.4 BT A ASWEIR XA IR X B V% T ZEAR Y 25
2.4.1  RMARERZE

BER A IR X TR ARZ M YA RS2 HE | DR TV TR B IR S R R X RS (R 5) o BR A SR X
TR ZAEY) SR ZE M0 )7 22 HORIE VR< 1, BRI G (W) WA TE A A SRS N, 28 VR 8 35 I
BB AR SR XHE AR S A R R e 0y 10 2 IS (3R 5) o AR IR DX A 2 A 0 AR B 45 1 1) T 22 1L
FAH VR>1, HR ISt (W) A I8 Ay’ o3 A LRSI Y, B0 VR WS 1, ROEIR X FAZ M )&tk R
PR B RS (R 5) . RBIRXFEAZ TARBHFEARZ RIS T2 (W) 7% A AR AL B, %
VR RE 1 ABE (RS,
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Table 4 The niche overlap of main species in herb in Sb mining ecology damaged area and natural ecology area

. pa oE = WRE F =0 AR PiREsUR 3

. Artemisia Digitaria Miscanthus Ageratina Trifolium Ficus Pteris Pteridium
Species . . . . . . e

argyl sanguinalis sinensis adenophora repens tikoua multifida aquilinum

WL Artemisia argyi 0 0.20 0.04 0.42 0.28 0 0
/% Digitaria sanguinalis 0.26 0.07 0.26 0 0 0 0
T2 Miscanthus sinensis 0.27 0.06 0.17 0.12 0.14 0.08 0.17
WIRE Ageratina adenophora 0.18 0.29 0.26 0.08 0 0.24 0.14
H = Trifolium repens 0.51 0 0.51 0 0.51 0 0
SR Ficus tikoua 0 0.47 0.01 0.61 0 0 0
HAANE Preris multifida 0.29 0 0.09 0.10 0 0 0.13
Pteridium aquilinum 0.16 0.24 0.16 0.01 0 0.05 0

TR BT A AR IX A AR AL G BE R AR AN A AR IR X A AR A T B

K5 S ESBIRRMABIF X B BABRE

Table 5 Total species association of community in Sb mining ecology damaged area and natural ecology area

X 45k AR FE ittt 2 2 ) g
Area Growth form  Variance ratio ( VR) Staisie W © (X00s.18> Loss.is) Results
B EABIRX A — — — —
Sb mining ecology damaged area A 0.25 1.75 [2.17, 14.07] B IR,
i 1.22 58.68 [33.10, 65.17] NS
KRR TrAR 1.68 18.51 [4.57, 19.68] RIS,
Natural ecology area TEAR 0.82 8.99 [4.57, 19.68] pibiea
HAR 1.73 57.18 [20.87, 47.40] W RIS,

2.4.2 FhlE]EBREE KL

BRAT AR IR DX A IR X HE A 2 AN 70 B S R AG (R RO, BRI A 25 A DX A4 900 5 KRR L A 1
X HEAR B S GRS EIRZE A ARG ] 4 R RS (1] 2) o B AR AR X RSB IR X AR AT ) 2
TUEREE A E S 5 06 (o BIrA RGO 83.33%)

B SRR XA =I5 S A 3 TR A

AR DR =t SR e g e DR A R e S
HRZh (W 3) . B0 A S BN XA W R 45 15 X

& X RIX
(53.57%) , IEHKEE 12 XF (42.86% ) 3 A Tl I X AH ) £ 1Bk lazar%mw: 1 RIIRIX
25 12 %} (42.86% ) , IEIESS 14 %F(50.00%) (F3), < 1,
2.4.3 FhlEJEREEREE

B A 2 W IR X R IR DX K )2 A T Y Al A3 A VAN

Ochiai $880H1 Pearson AHEEZE R (F 4, F 6) BN, 8 N Ny A N 1.

A AR SRR DA FH YL 5 7 BRI 45 72 B8 B 5 ( 01>0.8)
HEW W IEAZE(P<0.001) ; R B IR X 25 52 46 55 K R 2 G ESEIRR R MR R A I 2 R
E%%*%E EEIi % ( 0l > 0. 8) Hz':é *&E % IE *E 9‘é ( P< Fig.2 The semi-matrix of the xz test of shrub in Sb mining

ecology damaged area and natural ecology area
0.001)

PR AR 5 Species codes: 1. i H il Rubus coreanus; 2. % 5% {£
25 e - N — 1
%BH S ﬁﬁ ﬂ b Al 5'% ﬁEZ j;T b ZIK }; *E % 15l E/J Buddleja officinalis; 3. 2 % Rubus parvifolius; 4. 7K Bk Boehmeria
Ochiai Tﬁ‘ﬁﬂl Pearson *H?é‘l‘i%%( rg—[ 5, rgl 7) R s %}—g penduliflora
W AESHIA X R vt W g = PSR H

=5 HUR R AR R S BRI A RE AR (01>0.40) , Hoh 22 S OR Bt A 10 e 55 R 70 Ol 52 Wk 2 AR O L IE
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I (P<0.05) , RBEIRXK L E G W S5HIRE D SRR DE SR DE 5 1555 IR
S RS (01>0.40)  Hoh = 5 o0 pl 1= 5 b 5L 2% SR OG (P<0.05) |, 55 5 1 52 38 1B AR oG
(P<0.05) ., HAthApxF e Be2b 72 BE AR, A 3% (P>0.05)

o RBFILEKES A IEHKES O BFFURES ® 0.80<0I<1 B 0.40<0I<0.60 A 0<01<0.20
B BEFERLE O WMBERABME A A A 0.60<0I<080 O 0.20<0I<0.40
BRI HE AR X REIR X BRI HE SRR X R
1 1 1 1
[A] 2 [a] 2
AlA|3 A|O]|3 A 5 A 5
INFIYNE AAN4
A|A|AA|S A|N|AIA[S A A o A
AlL|a[A]m] 6 Ala|A[Aa|A] 6 3 3
AN AAIAIAN]T ANA|IA|IO|A]T7
4 4
Alo|alalA]A[a] 8 [ala]A|A|AA]A] S | &4 AL e s
B3 S ESHARRARAR SR, Bl ek B4 S0 ESBARMABARKAA Ochiai 15 (01) $HEHE
Fig.3 The semi-matrix of the y” test of herb in Sb mining Fig.4 The semi-matrix of the Ochiai index ( OI) of shrub in Sb
ecology damaged area and natural ecology area mining ecology damaged area and natural ecology area
L A= Species codes: 1. W Artemisia argyi; 2. o e Digitaria L Y= Species codes: 1. I M 0 Rubus coreanus; 2. W 2E A
sanguinalis; 3. 15  Miscanthus sinensis; 4. W YK ¥ Ageratina Buddleja officinalis; 3. % % Rubus parvifolius; 4. 7K ¥k Boehmeria
adenophora;5. 1= Trifolium repens;6. Y Ficus tikoua;7. J4% penduliflora
N Preris multifida; 8 B Pteridium aquilinum
® 080<0I<I B 0.40<0I<0.60 A\ 0<0I<0.20 B A AR X TR X
A 060<0/<0.830 O 0.20<0I<0.40
BB SRR X RIRIX ! !
1 1
A < 2 2
Al 0|2 . ‘
LAY ! O3 . 3 3
o|o|m| 4 H Nl Oy
m[alo]o]s o[a[A]A] s "|. s "" ]
O|A[C|A|m| 6 AlmIAmIAG — —
VAN VAN VANE X VAN VAN K O|A|IA[O|A|A| 7 -1.0 -0.8 -0.6 -04 -02 0 02 04 06 08 1.0
Alalofo]alalm]s [o|m][m[A[A]A]A]s HIX R
ES $F SRR AMRERKEAR Ochiai 383 ( 0I) L4EKE Bl 6 U ESBIRRMABIFXER Pearson 18K 45 P B
Fig.5 The semi—matrix of the Ochiai index (OI) of herb in Sb Fig.6 The semi-matrix of the Pearson correlation of shrub in Sb

mining ecology damaged area and natural ecology area mining ecology damaged area and natural ecology area

YIRS Species codes: 1. 3L Artemisia argyi;2. T F Digitaria WAL Species codes: 1. i L Rubus coreanus; 2. % 5¢ A€

sanguinalis; 3. = Miscanthus sinensis; 4. B ¥ % Ageratina Buddleja officinalis; 3. 2 % Rubus parvifolius; 4. 7K Bk Boehmeria

adenophora;5. A= Trifolium repens;6. 3R Ficus tikoua ;7. F4= penduliflora; = P<0.001; * = P<0.01; = P<0.05

SFL Preris multifida; 8. R Pteridium aquilinum

3 e

30 B AR KRR R DA T R 250

VTR AT S DS BT TS OB R 3508 MR, W T 04T 19/ 25 R G4 M I )
B2, R 30y 0 DR 1 RO G T 7 I = 6 8 RO 2% 57 S BUE 25 R 5000
AE2E S TR0 AR BT ) 22 Fh 418 14 B4 18 B, 20 SR RAFHATRHE Y ; AL
X SEA R 68 Fi, 528 30 B 53 8, 3k AL B BT K TF R R DX R SO RS, 1 13 )
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28 J& 32 F RIS 0S B4 R i AR A A

BTk DR TR S, e e, BT - AR
HOBEIN 2217 oAb SR 3 S e R = (1 3 ol

B ) R B AR LR A2 T @]

TSR T, AR MG EEAR AT g ; 5
SEAEAEDS R K2 3 4 R T R R A 15 Q0K @@
FRIE DR A R FRGE R, 00 % el —
B b T A FIEBE ( Prunus mahaleb) BERSIE N 15 —lm—OA o7 0 02 oa mo
I, FE 3 % i AR DR B K 4 ) s T AR A HXRA

HPIHRAZ B (Lolium perenne) MR TAERSZ LI @7 gor s aomsR R Ak AR R 7k Pearson 131 2 A5 RE
AR oA AR Z AR, AR T F5 Y™ . Fig.7 The semi-matrix of the Pearson correlation of herb Sh
HeAh , FEBCAE MR 2 BN Bl R & i, 4R it S fL E(filf  mining ecology damaged area and natural ecology area
ﬁﬁ%{t%&%@@ﬁ\%%’ﬂéﬁﬁjﬂﬁlﬁ%fﬁ[m N YRR 5 Species codes: 1. X B Artemisia argyi;2. & Digitaria
FEBR A BEIR X FZ R TR RAB A RHEY) , & anguinaliss 3 Ti Misc_anfhm iensis; & ﬁE " % Ageminj
ISR AR VR R R BT I o 11T Tt v 8 st 1.
A B Preris multifida; 8 ¥R Preridium aquilinum; * * % P<0.001;

NEE T AR IR RAARBRREE, .« pcoor; « peo.s
PLiE T A BRI LA R R e e )
TG RHAE e 2k A A [ R S A S AR R LA N SR A B AR H G R RI R AR ) LA R 1) 4
TR ASZEE S K, B R AR SR S RERERL N WEUR | 3743 AR ROR SR BE I A2 E 1 R L 22
S, BT T ARSI EANRON

WHEEOT , B mE AR A S A SN TS X N R, MR A 1 X
( Cyclobalanopsis glauca) Ve 1 R ZBUE W) HEAH 5 A= 2507 58 B2 52 BLIE ARG, 1 an 55 X 0y 2285 0 96.97, H:
HZSOLYERE N 72,55, AHIFARE A2 IEAHSE, APHRCBAMAR ( Pinus tabuliformis) “CAREMRHEA JZ 32 R 1O T 20K
S50 58 I AR SE 2 — 30, WK 552645 ( Spiraea cantoniensis) FY) B EAE K (77.05) {5 HA: 2507 58 B #1458/
(2.97) , BB T (Lespedeza bicolor) TEELAE Fy 30.94 {H HAE ZS A7 S5 (3.06) HIK TR 544515 . AWFSR B
A AR XA IR XA (7] )2 7 ) i B 5 A A 5 B 35 S AR S 38 LB AR OC , i an b AR B IR IX TR R 2
FESE AR T A 100, AR 2507 58 E AR 5 (16) 5 HEAR 2% S A6 T LB A 2500 98 B8 43 )R 25 il 45 REA
JE TSI EE (53.28) FIAEASL 58 (34.89) ¥ ey . i 2 dE 2, i 2 A A v B, Ui Wi W A 7
b e A, B RORTE S B IE AR TT 2 AR AR XA YRV T L S A X T YRR
TEINTR IR BV 45 F D) RE A B L SRR BEIR X P I B S AR A B R H R e an ik,
BIUNTF A J2ZE - HE A T E(E (43.82) M ZSALVERE (10.64) ¥ 8 5  (HMEAZ S B2 20.91, Bk
R EEE N 13,81, AR FIIS BRI 2k 1 AR A0 8 FE 43 00 6.03 il 7.54 53X ST R BIFFE 45 SR AR, A0 1Y
B 5 A TE R A HE R TR 58 e — 20, X S PR R AR AT R A e

AW KB, S A IR K FEARJZ DK R 546 B A A S B SN 1, RBIR XA Z Y % 5
A SRRSO ESEA 1, RIVIZEY PP AR BN, B s i A= AR R , X P58 B85 R 1 25 55
PERR /N, PR ] ) 3 4 2, LS RO R, T RE S S ECIE AR L ARAE WoR KRR E 4 JE o
F EARGR A & A RE ) RN KRR ZR T 32 P8 BOE A% ( Cd ) VR BE R 180 me/kg BRI T 177 R WK
JRRIE W PSR . A DV S OK BRI A S AL LT e 2 S, RIX RS R TR L e —38, AR
A | SR A7 152 37 L 37 90 O A 5 RAR R, AR A b, vl DA R A A B A b 78 ARG 0 A AS R X
PR S A =t RS H = RS S50 0.51 F10.42 Ah, BEARZ MR A ZHAWE Y £ 80 S
TEARXT AR CEEI 0.2) 5 TARBEIR X Py Fh iy A= 207 B SR, il i IR 7 5 L R ) A S &K 0.61,
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PRSP = S5 H S ASM ESEEN 0.51, VLB A SR X Z2 5ot B8 U5 0 R Aok 25 5
K YIRS AR /N, — 5 T PR R B A 2B IR XA BV A T 301 ( 10 4F ) | BEVE AL B i, o) —
05 B E AE AS IR X IR BE v, F ISR UK A S AN AT | DR AR [R) 4 o i) ) A 25400 T B A
%, R FRBE v 3 I8 T B R e 25 5
3.2 B AR S HEIR X R IR X 32 EERE ) A (R B

O R R RV Y0 (B B 25 AR BE AR, B 240 T ANHRE B AR 5 Bl A T 7 )8, ol H) I 25 72
JE SR M0, Xt ) 30T T IR BRE | & Ao ME TR 3 n , A2 (B 5 916 T )y 1 s BB AR SR IX
TEAZ W R A G 3 GBS | RBIR X A A AR B B RIS B AR MR X AR 2 F A E A
Y BREE RSB A 5 XA 15 X, o5 Fe o 1k 83.3% K 53.57% , 2 B BAW A= 2B IR X 9 A2 H A AL T
BT YRR S AT E HL G SRR . A S b ) A IR 5 A R A v, L R A S S I A G (AN i
KR , 2 B PP b 2 B R FH R A B8 5 SR O T LA AR AP B B M B A SR X AR R ) 1 5
IR 5 G 2 A OG , e I 1 SR IR R 2 (R GE UE mT REA7 e 38 5, 1 LA B0 A0 7 4 JE W FHRE 7, RERSFEAR Y
BT L2 (Ph) MG, BB RN R R R AR A A Tl A AR B (SR A
JER) ,SEARE S50 L AR B AR A IR DX A J2 R AR 2 4 6 B 2 o BORE G e , a5 2R e R
OV A R — B, BRSNS BT M R A S IR X A I B R R AR
YU, Jn bR 7K A R R AR TR R RE DT B AR S, S BOR OB U2 AN Al B A
(S I AR BT, DRt o B Bk s () X 5 o L o SR, AR ] B 45 2R U AS 2 Xof Ao et [) S BB 11 i e ffiads | R
FERUEE FiiE) 5w 4 AGJRAE T A R 3R A 1 2 X B AT I 285 7™ A s i), o (136 225 1) P9 ZE AL A 75 i2F — 25 AL )
A BRSSO A TR

ST R A AL R A S IR X I A TR W, G5 ANER e . AT A A R i B i
VERR AU M EE  BREE SR SEBR G O, W EE B RN 0 A 2 Re o PT DABE A 28 S AR, XA 2 b 3R 5
BERFEA — 34 HLIE N PR (A AL YRR MR s 8 T e A 2S00 H S R B /N ) Sk LI 2 B O el
VERPEA R, DLk B0 PR 5206 50 0 M BER A A E RR 8 R B AR RIOR . BT BE 0 A SR XA B WK 2 1Y
YIRDEERE A Z Y T DI B MR RN A s HER)Z AT DL B 58 A0 P8 5, WA 2] DA RS0 K
TR FE R AR SR AU AT, T ELAEBE A SR XA K R, iAo &2 2 A Bl 2 A 1 4
Filr, TR Bt AT 3k B TR S TR B S e R . B2, NN i A S R GBI A S R GRS ik
I V) SRR ARl R R R v, R AT B A 37 B I FR R T, R s IR X LR, Sk
B A A BTt R RS (R PR BT 2, LA AR % 100 1 [ R TR e B MR B IR X AR S R 45 5
Tifig,

4 #ip

ABEFE 3T T B REEL R BT A SRR DX o 4 A 5 S A S R Te] AR 254 . 5 R R IX (30 Bt
53 J& 68 i) AHLL , B AR SR XY R B /D A 14 BE 18 J& 22 A, BEH A AR IX B AS R AR b ] 67 2
L5 15 X (L HON 53.57%) A 3R SR = 2 SRR H =S R SRR R RS R R R, BT
A SBIR X PRI A= S0 AR A S, il RE YA B LR ZS I PE R A Uy~ e 25 S B B8, AT ST 4 R R
OB A SR X RN B S AR E HAR T 0], AR B AR SRR XA A R AR — B
P[] AT A BB IS B R BN DX v BRPIRAS o BB A2 AR DX ik S i A v | 7R AT R e 43 A 25~ M A
HE RN PR IEIRES (70 S D), LUS SRR PRI SR e o0 AT R A (1 ] 3528 K R A

£ 3L Hf ( References)
[ 1] XRHLL, BRAk, Wutie, 208, 2255 IR, S0, fRIANN. HobCa 74 0T KREREAJZ SRR A 3800 SR RIS, . AR5k,

http ; //www.ecologica.cn



2878 JAE = 43 4

(2]

[4]
(5]
(6]
(7]
[8]

(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

2020, 40(6) ; 2057-2071.

XWHLL, 2255, wk, 2R, SR, LA, s, XIE R, W, JRE, R, MR, RAE. WL R RS 3
AAKER T RIS, SGAHOCAMT. A 2544, 2018, 38(19) : 6881-6893.

Kirchheimer B, Wessely J, Gattringer A, Hiilber K, Moser D, Schinkel C C F, Appelhans M, Klatt S, Caccianiga M, Dellinger A, Guisan A,
Kuttner M, Lenoir J, Maiorano L, Nieto-Lugilde D, Plutzar C, Svenning J C, Willner W, Horandl E, Dullinger S. Reconstructing geographical
parthenogenesis: effects of niche differentiation and reproductive mode on Holocene range expansion of an alpine plant. Ecology Letters, 2018, 21
(3):392-401.

Yu R Y, Huang ] H, Xu Y, Ding Y, Zang R G. Plant functional niches in forests across four climatic zones: exploring the periodic table of niches
based on plant functional traits. Frontiers in Plant Science, 2020, 11 841.

BRERAE, XIDEEL, %, XIHZR. RME E T L BRRE A 3= AR A R AR S ALRHE. Mok R | 2010, 46(3) : 23-28.

Ingram T, Costa-Pereira R, Aratijo M S. The dimensionality of individual niche variation. Ecology, 2018, 99(3) . 536-549.

BKEE, MR, B, =R, XL, Wik, =0, DGR M. TLo R LR Jr A2 TR 30k 32 B AR W A2 S AL FRAE. Mol B2,
2021, 57(1): 191-199.

Bannister J] R, Kremer K, Carrasco-Farfas N, Galindo N. Importance of structure for species richness and tree species regeneration niches in old-
growth Patagonian swamp forests. Forest Ecology and Management, 2017, 401; 33-44.

KA. Bl R (=) . Jeat: B, 2018.

Alvarez-Yeépiz ] C, Barquez A, Dov&iak M. Ontogenetic shifts in plant-plant interactions in a rare cycad within angiosperm communities. Oecologia,
2014, 175(2) : 725-735.

Vg, e, I, AREE, whICSC, K, NR, A5 U R XK R TR R T A 5 K AR XU
SR RIEZE TR IT. AR, 2021, 41(23) : 9457-9469.

Rejmanck M, Leps J. Negative associations can reveal interspecific competition and reversal of competitive hierarchies during succession. Oikos,

1996, 76(1) . 161-168.

HT RSN

Nishimura N, Hara T, Miura M, Manabe T, Yamamoto S. Tree competition and species coexistence in a warm-temperate old-growth evergreen
broad-leaved forest in Japan. Plant Ecology, 2003, 164(2) . 235-248.

Li L, Wei S G, Huang Z L., Ye W H, Cao H L. Spatial patterns and interspecific associations of three canopy species at different life stages in a
subtropical forest, China. Journal of Integrative Plant Biology, 2008, 50(9) : 1140-1150.

SuSJ, Liu]J F, He Z S, Zheng S Q, Hong W, Xu D W. Ecological species groups and interspecific association of dominant tree species in Daiyun
Mountain National Nature Reserve. Journal of Mountain Science, 2015, 12(3) : 637-646.

Gu L, O'hara K L, Li W Z, Gong Z W. Spatial patterns and interspecific associations among trees at different stand development stages in the
natural secondary forests on the Loess Plateau, China. Ecology and Evolution, 2019, 9(11) : 6410-6421.

Moeur M. Characterizing spatial patterns of trees using stem-mapped data. Forest Science, 1993, 39(4) . 756-775.

Aldrich P R, Parker G R, Ward J S, Michler C H. Spatial dispersion of trees in an old-growth temperate hardwood forest over 60 years of
succession. Forest Ecology and Management, 2003, 180(1/3) ; 475-491.

JAsert, TAAFR, 200, RN, TR A T E SRR DR AR TR A R I R LR E PR A A AR S, 2000, 24(3) -
332-339.

BEvK, RIS, R, JKERIE, RAER, WEE. )P R LR A R A MR R T R AR R S A AR RS A, 2006, 30(6)
931-940.

SREE, SRR, B, A, i, REH, AL KA A 3 A BRAREE T AR R A . A S, 2015, 35(1)
106-115.

Gu L, Gong Z W, Li W Z. Niches and interspecific associations of dominant populations in three changed stages of natural secondary forests on loess
Plateau, P.R. China. Scientific Reports, 2017, 7(1) : 6604.

Ofomata V C, Overholt W A, Van Huis A, Egwuatu R I, Ngi-Song A J. Niche overlap and interspecific association between Chilo partellus and
Chilo orichalcociliellus on the Kenya coast. Entomologia Experimentalis et Applicata, 1999, 93(2) . 141-148.

LiYD, XuH, Chen D X, Luo T S, Mo J H, Luo W, Chen H Q, Jiang Z L. Division of ecological species groups and functional groups based on
interspecific association — a case study of the tree layer in the tropical lowland rainforest of Jianfenling in Hainan Island, China. Frontiers of
Forestry in China, 2008, 3(4) : 407-415.

Chai Z Z, Sun C L, Wang D X, Liu W Z. Interspecific associations of dominant tree populations in a virgin old-growth oak forest in the Qinling
Mountains, China. Botanical Studies, 2016, 57(1) : 23.

Han G L, Tang Y, Liu M, Van Zwieten L, Yang X M, Yu C X, Wang H L, Song Z L. Carbon-nitrogen isotope coupling of soil organic matter in a

http ; //www.ecologica.cn



73

MGG 2 TR O AR DA A A SRR A AR R B R TR R 2 2879

[27]

(28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]
[38]

[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]

[49]

[50]

[51]

[52]

[53]

karst region under land use change, Southwest China. Agriculture, Ecosystems & Environment, 2020, 301. 107027.

Chen X B, Zheng H, Zhang W, He X Y, Li L, Wu J S, Huang D Y, Su Y R. Effects of land cover on soil organic carbon stock in a karst
landscape with discontinuous soil distribution. Journal of Mountain Science, 2014, 11(3) : 774-781.

XIFhE, XVEHE, REE, WK, ZRaEde. MBI R X 11 4 Jm SRARRRAE B ORREE KU AR, Aol BE IR 5 B A 4, 2021, 38(5) -
797-809.

Li L, Liao L, Fan Y H, Tu H, Zhang S, Wang B, Liu TZ, Wu P, Han Z W, Li L, Liao L, Fan Y H, Tu H, Zhang S, Wang B, Liu T Z, Wu
P, Han Z W. Accumulation and transport of antimony and arsenic in terrestrial and aquatic plants in an antimony ore concentration area ( south-west
China) . Environmental Chemistry, 2020, 17(4) . 314-322.

Wang S J, Liu Q M, Zhang D F. Karst rocky desertification in southwestern China: geomorphology, landuse, impact and rehabilitation. Land
Degradation & Development, 2004, 15(2); 115-121.

FRm, KEAE, BN, A5 E, TR, FEE 2 3T SCER TR A0 00 R T R A B AR B R R R S . AR, 2020, 40(3)
1113-1124.

WEHAE , BUCR, AR4E, BREED, TARYE. WEINURR AR IR R O BOR A RE TR MR ZAETE SRR Al i ORI, A AR
2021, 41(6) ; 2408-2417.

Ay, PUACHE, B2, EB, AR VEITRAHL X e R B MO SRR ELAE R B A SR, 2021, 32(6) : 2249-2258.

ATHR ATPOL, WU, KIFEE, ZMEE, FRs, BORIZE, KB, IS Wk DR [RIE L7 BE A B PR A - Y5 - T3 - A
BT RAFE. A5, 2022, 42(3) : 935-946.

i35, ARITSARA A N A, Kok, BN, Bifh, JI&EME, RIS oS me SR i Sk 3 - i - TR S AR RO Ao 9 A BT A 0] S5 20
RERHIE ST, AP A A2 4, 2021, 45(4) ; 394-403.

Zhang Y H, Xu X L, Li Z W, Xu C H, Luo W. Improvements in soil quality with vegetation succession in subtropical China karst. Science of the
Total Environment, 2021, 775; 145876.

KBk, TAF, WM. VTR AR DAl (8 A 3 i 0T - 39 EL BRI 20 B o3 A AR R S AR 2524, 2022, 42(7) : 2774-2783.

He YP, Han Z W, Wu F Z, Xiong J, Gu S Y, Wu P. Spatial distribution and environmental risk of arsenic and antimony in soil around an
antimony smelter of Qinglong county. Bulletin of Environmental Contamination and Toxicology, 2021, 107(6) : 1043-1052.

MR, Jefd, JTHEE, ZR0E. SONRRIURE LI X BE R X Aol TS YRR AR B M B XU IEA . 8, 2013, 45(6) : 1036-1047.
PR, Wi, I, sk, SN SUMBE R BEDT R () W E BT I A SR TS TN, BTAE, 2021, 41(3) : 312-318.
BUBAL, X, BE5ES7, T 35 o s S 0 2 15 7 I I TR SO PRI R R v AT AR 2524, 2021, 45(6) @ 670-680.
HG . Rl A MRS IR AW 5 4. Jbnt. AR E T AL, 1997,

Pianka E R. The structure of lizard communities. Annual Review of Ecology and Systematics, 1973, 4. 53-74.

Schluter D. A variance test for detecting species associations, with some example applications. Ecology, 1984, 65(3) : 998-1005.

Herath D N, Lamont B B, Enright N J, Miller B P. Comparison of post-mine rehabilitated and natural shrubland communities in southwestern
Australia. Restoration Ecology, 2009, 17(5) ; 577-585.

Roy M C, Foote L, Ciborowski J J H. Vegetation community composition in wetlands created following oil sand mining in Alberta, Canada. Journal
of Environmental Management, 2016, 172. 18-28.

MARKR, KA, 5k55, K. WKH DORF RIS A T Y REERE. A28, 2019, 38(5) : 1520-1527.

Zhang Y M, Li S, Lai Y X, Wang L Q, Wang F, Chen Z. Predicting future contents of soil heavy metals and related health risks by combining the
models of source apportionment, soil metal accumulation and industrial economic theory. Ecotoxicology and Environmental Safety, 2019, 171.
211-221.

Nardini A, Casolo V, Dal Borgo A, Savi T, Stenni B, Bertoncin P, Zini L, Mcdowell N G. Rooting depth, water relations and non-structural
carbohydrate dynamics in three woody angiosperms differentially affected by an extreme summer drought. Plant, Cell & Environment, 2016, 39
(3): 618-627.

Zhang J, Wang ] M, Chen J Y, Song HY, Li S H, Zhao Y J, Tao J P, Liu J C. Soil moisture determines horizontal and vertical root extension in
the perennial grass Lolium perenne L. growing in karst Soil. Frontiers in Plant Science, 2019, 10; 629.

Liu C N, Huang Y, Wu F, Liu W J, Ning Y Q, Huang Z R, Tang S Q, Liang Y. Plant adaptability in karst regions. Journal of Plant Research,
2021, 134(5) . 889-906.

XuZ W, Ren HY, Li M H, Van Ruijven J, Han X G, Wan S Q, Li H, Yu Q, Jiang Y, Jiang L. Environmental changes drive the temporal
stability of semi-arid natural grasslands through altering species asynchrony. Journal of Ecology, 2015, 103(5) ; 1308-1316.

Lin A J, Zhang X H, Wong M H, Ye Z H, Lou L. Q, Wang Y S, Zhu Y G. Increase of multi-metal tolerance of three leguminous plants by

arbuscular mycorrhizal fungi colonization. Environmental Geochemistry and Health, 2007, 29(6) : 473-481.

http ; //www.ecologica.cn



2880 JAE = 43 4

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]
[65]

[66]

PREER, hooh, IR0, BigE, BRMIE, T8, IR IR AR R E R YRR A KRR R R R, AR SRRk, 2021, 40(11)
3512-3522.

XIWHELL, Fk, JRFFH, 225, Ml , X, B, (Ee. VL R U B B AR IR AR 0L, B A4, 2018,
29(12) : 3917-3926.

BRI FL, BT, B, SR, AW Ar, TRER, BAREE. WHE I REAM YR AR S OIRE. A A4E, 2012, 31(3) ; 561-568.

BEN. A ABEE T AR AR RS A AERFFE [ D], B . IOl K, 2013.

FEIHER, VFREEHT, BESL, IR, REB, FMAEE. EACRASE T HAEY R SO R A, PR LR KRR, 2014, 34
(3): 78-85, 89-89.

MREI, ¥, SLHele, b/, 2R, BN G R 9 0 E R E SR 0 A SO SE. EY RS, 2014, 38(6) -
576-584.

SNIRE, AR, IMET, BEG, kiR AN TR AT B R T8 i KR D LB N R Y R . AR S AR, 2019, 38(1) .
121-128.

IS, DoTt, BN, XTI, A L IR ISR YRR ARV R RE S 18] 23 A i SR KRR ) SE R PR 5. N A A
%, 2004, 46(11) : 2013-2018.

Ay, JATEE, AR, HLM, BRIE, K, TrHT, e, SEa . VPG L AL RIS R B s (B A A SR TR ARl B
KAk, 2018, 38(11) ; 81-88.

WA, BT, BEPRE, AR, RO BEVEALTTIX 3 A RIACAR M A e (1 A B S RN A DT A, BAHE AR A A 2R R, 2021,
29(3) ; 251-258.

WEM, BIRE, BHEM, 224K, B 3 MY 5 A B Y S 2R L e 4. AEAIR, 2022, 42(6) : 2394-2404.

FIFR, BHU, PP, e, SRk, 2R, XA, FRRKRM IR AR Z A Fh A 250 5 Fh R RS MW IT. PUALAE 2= 41
2017, 37(7) : 1422-1428.

TR, XV, BRI, XL, YRGS N A 5OrEIR. A%, 2016, 36(24) : 8224-8233.

http ; //www.ecologica.cn



