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Abstract: This study analyzes the characteristics of plant community structure and its stability during the ecological
restoration process of copper mining areas, to provide theoretical basis for the vegetation restoration of damaged ecosystems
in mining areas. The " space for time" method was used to analyze the composition structure and stability of plant community
in different restoration years [ 1 year (R1), 10 years (R10), 30 years (R30), and 45 years (R45) | and control areas
(CK) of copper mining areas located in Tongling city. The results show; (1) In the early stage of restoration (R1), the
community species is dominated by Elsholtzia splendens+Artemisia capillaris+Commelina communis. In the middle period of

restoration (R10) , Artemisia capillaris, Miscanthus floridulus, and Elsholizia splendens were the dominant species. In the
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R30 and R45, the community species was dominated by Elsholizia splendens + Commelina communis. It is the basic process
of spontaneous succession of the abandoned land in the mining area. (2) During the restoration process, the Shannon-
Wiener index, Simpson index, Pielou evenness index, and biomass of plant communities firstly increased (R1 and R10)
and then decreased ( R30 and R45); Whittaker B index showed an increasing trend with the restoration of plant
communities. (3) The intersections of Godron stability of the four plant communities and the control areas plant
communities with the Euclidean distance to the community stability reference points (20, 80) are respectively 23.19
(R1), 43.91 (R10), 24.25 (R30), 15.41 (R45), and 10.78 (CK). The study indicates that during the natural
restoration process, the species richness of plant communities increased and the stability and complexity of communities
enhanced. By revealing the natural succession pattern and its stability characteristic on vegetation, this study provides

theoretical support for vegetation restoration and community succession dynamics in copper mining areas.

Key Words: copper mining area; vegetation succession; plant species diversity ; biomass; Godron stability
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Fig.1 Location of study area
Rl: HARMKE la JFHIFEHE The sample plots after 1 years of natural recovery; R10: &YX 10a 5 HUAEHL The sample plots after 10 years of
natural recovery; R30; HARKZ 30a J5HYEEHL The sample plots after 30 years of natural recovery; R45; H RS 45a J5 YFEHE The sample plots
after 45 years of natural recovery; CK ;X I X £}l The sample plots of the control areas
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ARV A2 A FR A A 55 b a3t 20 FPAE Y, LR AF} ( Gramineae ) (4} ( Asteraceae ) Fl1JE&JEF} ( Labiatae )
GRAKEY) R X X R I 14 A, SR 13 B 14 & b et o Fp SR 8 B 9 Ja s A 5
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Table 1 Species composition of copper mine wasteland with different recovery years

) PSR W W4 PR
Growth type Reslm.ralmn Species name Family name Genus name Family Genus
period
LTS ( Diospyros rhombifolia)) HiFk( Ebenaceae) HiliJ& ( Diospyros)
BT 2 (Yulania biondii) A 22FE( Magnoliaceae ) 22 )8 ( Yulania)
W AE A ( Machilus pauhoi) ¥R} Lauraceae ) T4 JE (Machilus )
Tk WAMIF ( Elaeagnus pungens) HAMIFFH  Elaeagnaceae ) AT & ( Elaeagnus)
Tree and shrub CK 1 :/J\t( Camellia japonica) IR (Theaceae) WIZRJE ( Camellia) 8 9
& ( Toxicodendron vernicifluum) e LEE ( Anacardiaceae ) B ( Toxicodendron )
1% ( Cinnamomum camphora ) %ﬂ‘( Lauraceae) i ( Camphora)
BT ( Prerospermum heterophyllum ) HEER} (Malvaceae) Y7 T8 ( Prerospermum )
KM ( Celtis sinensis) FE( Cannabaceae ) AN ( Celtis)
1N A % ( Elsholizia splendens) JBIER (Lamiaceae ) 78 (Elsholizia )
T8 ¥ 55 ( Commelina communis ) T8 ¥ 5B ( Commelinaceae ) 8 3 52 ( Commelina)
YR EE(Setaria viridis) RAR} (Poaceae) TR R (Setaria)
Ak U ( Pseudognaphalium affine) B4Rk ( Asteraceae) UM LR ( Pseudognaphalium)
Herh R1 iEs ( Persicaria senticosa) By (Polygonaceae ) Hg ( Persicaria) 6 8
FB T (Miscanthus floridulus) RAFL(Poaceae) 1518 (Miscanthus )
Jili 55 5 (Aletris spicata) A4 AL ( Nartheciaceae) It 55 555 ( Aletris )
45 (Artemisia capillaris) B4k ( Asteraceae) & (Artemisia)
3 (Artemisia argyi) BBk ( Asteraceae) R (Artemisia)
M5 ( Elsholtzia splendens) JBIAL (Lamiaceae ) FE 8 (Elsholizia)
YR HE(Setaria viridis) RAFL(Poaceae) X FEHE R ( Setaria)
T8 ¥ 55 ( Commelina communis ) T8 ¥ 5B ( Commelinaceae ) % B )% ( Commelina)
B BEE (Artemisia capillaris) B4Rk ( Asteraceae) B (Artemisia)
F T (Miscanthus floridulus ) RAFL(Poaceae) 158 (Miscanthus )
UM B ( Pseudognaphalium affine) B4R ( Asteraceae ) UM LR ( Pseudognaphalium)
/NE KL ( Erigeron canadensis) B4Rk ( Asteraceae ) K& & ( Erigeron)
R10 HEY ( Cynanchum bungei ) SRR Apocynaceae ) TSR ( Cynanchum ) 7 15
BT ( Lespedeza pilosa) G R} (Fabaceae) WA T IR (Lespedeza)
SRS ( Youngia heterophylla) B4R ( Asteraceae) HE 8 (Youngia)
BEBS T 5 ( Cleistogenes squarrosa) RAFRL (Poaceae) B FHJ& ( Cleistogenes )
|25 ( Carex cruciata) PWHEL( Cyperaceae) ELRLJE (Carex)
5 ( Lespedeza pilosa) RAEH Poaceae) T&J& ( Eleusine)
JEHL (Arthraxon hispidus) RAEH( Poaceae) JEEE (Arthraxon)
— R AL (Solidago decurrens) B35k Asteraceae) — K AL )& (Solidago)
T8 ¥ 55 ( Commelina communis ) T8 ¥ 5B ( Commelinaceae ) 8 3 52 ( Commelina)
1IN A % ( Elsholizia splendens) JBIER (Lamiaceae ) FER (Elsholtzia)
Jips ( Persicaria senticosa) Rl (Polygonaceae ) H & ( Persicaria )
BiBEE (Artemisia capillaris) B4Rk ( Asteraceae) R (Artemisia)
TN T (Miscanthus floridulus ) RAF(Poaceae) 1518 (Miscanthus )
R30 TFER(Carex cruciata) WHEL( Cyperaceae) FHR (Carex) 9 1
SN HE ( Pseudognaphalium affine) B4k ( Asteraceae) U5 IR ( Pseudognaphalium )
17 5 ( Cynanchum bungei ) AT BB ( Apocynaceae) KELE IR ( Cynanchum)
3 (Artemisia argyi) S5k ( Asteraceae) & (Artemisia)
— R AL (Solidago decurrens) B4Fk ( Asteraceae ) — B HAL)E (Solidago)
H A H( Thesium chinense) T8 Fl( Santalaceae) )R (Thesium)
FEZ ( Dianthus superbus) ATER Caryophyllaceae ) A& (Dianthus)
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Growth type o Species name Family name Genus name Family Genus
period
1IN ( Elsholizia splendens) JBILAL(Lamiaceae ) F 2 )8 (Elsholtzia)
8 ¥ ¥ ( Commelina communis ) 18 ¥ %8} ( Commelinaceae ) 8 1 55 )& ( Commelina)
R4S TR ( Setaria viridis) ARAEL(Poaceae) ¥ R R ( Setaria) 5 ¢
BB T4 ( Cleistogenes squarrosa) RARL (Poaceae) B FHJ& ( Cleistogenes )
KU ( Pseudognaphalium affine) B4Rk Asteraceae) R 58 ( Pseudognaphalium)
H & H( Thesium chinense) TR ( Santalaceae) B ( Thesium)
411 ( Trachelospermum jasminoides ) SEATHERL ( Apocynaceae) 2178 ( Trachelospermum)
4 B4 ( Cibotium barometz) % BB Cibotiaceae) & EH 8 ( Cibotium )
CK 5 BYEE ( Ophiopogon bodinieri) KI14FH( Asparagaceae ) W L& ( Ophiopogon) 5 5
P47 (Arundo donax) RAR} (Poaceae) FiTIE (Arundo)
I F (Coptosapelta diffusa) PEEA} (Rubiaceae) TN T8 ( Coptosapelta)

DS EE6 JE 6 B RIS AR BRAA D I S b AR ) A 16 AU DL — AR AR REAKE ) Sy 3 AN 55 ( Elsholizia
splendens) W51 5 ( Commelina communis ) F1 5 5 ( Pseudognaphalium affine) 55 ; —AFA: FI 2454 UK YIS
AU HBERE VR AT, HAERE S Th R 2R B i 22 | B B B I8 DL 3R i 35 G i R85 (Artemisia
capillaris ) VT T5 ( Miscanthus floridulus) %5

JR Fi b A A 1 A R A W e o A s J S B 8 AR DR SR SR AN A A R A BR R10 Ab, A
BB B CK A YR Y AF e B R AL (R Fh 2 >30% ) , H B RAC SR AL S iy 20 22 7
WK, MM R0 X WA HAEE R & B BIAE (R 1) o R1 RS o B 8 J& 9 Rt d, W1 WA
PR (50.01%) , bR ES (14.05% ) FITS B 5 (10.74% ) 9 ALHFE, R10 BEE A 7 B 15 & 15 7,
Fy A= B A B BORE P R 1), LB RS (18.90% ) T 12 (17.44% ) AN 775 (16.08% ) Ay
P T  HREVE h o] AL AR B A B SE Fr o . R30 BEISILA 9 B 11 )8 12 R sy, Hohilg N &
% (34.72%) 9 W R ALHF WG H 5 (14.60% ) A FRE (13.53% ) A ILEFl, R4S FEVE AP F 5 L R AL, oA
5FL6 J& 6 Ry, BN 0 I AL R, S S R h 50% L b W9 Eh B (18.38% ) W AHA T, FEXT
BRIX, FMR ( Celtis sinensis) NTeARJZE B BALFEFN 1 ( Cinnamomum camphora) NI AKIZPLHEFH , 1LZE ( Camellia
japonica ) HFEARW] R ARFEFN  BEFH £ > (Yulania biondii)

FIEIAE I ( Machilus pauhoi ) 9 A J2 45 35, 4 77 I e e
( Trachelospermum  jasminoides ) . 4= & ¥ ( Cibotium 2l ~o~ Whittaker B3 %

barometz ) i B A W] A A, WY By B2 ( Ophiopogon %g 10|

bodinieri) g SAHF, PRtk WAL WIM (RL) hife i BE 87

Tl R + WS B RR R P (R10) BB+ B3 T
T BEVE LR (R30 A Ras) i 21

T+ BRI (R 2) . of

2.2 RS HIAE YRR 2

Rl RIO R0 Rd5 K
R 7 M 55 5 B T 9 0 e

Shannon-Wiener ¥4 . Simpson $§ #(fl Pielou 8 %% 22 %
% (Kl 2), Shannon-Wiener 8§ %1, Simpson $5 %% il
Pielow 75 E 455U PR — B W DS 47 ML 8
Se T PR, ITETE R10 B fe K, R45 I /N8 2) o
Wy = o BE AR S A7 B RUBE ST T PRI AR, R4S B4 ol

FHERAK, 1 R1 AT R30 #i ; Whittaker B 45 B0 fifi

B2 AT EFARREFERNNBXEYSHEEHNTK
HE CEBMEARAEDR ,n=5)

Fig.2 Variations in plant diversity indices in copper mining
areas undergoing different durations of restoration and control
areas (Values are mean = SE, n=15) [{]—F8 5 A AR [H FH LR A

[V 2 4 R =2 ] 22 57 1.3 ( P< 0.05)
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R AE IR RIS T sh A (H R AR S5 3, R45 1Y Whittaker B 51 R1 AYRRAK (K 2) .

®2 ARBEERET BEFHMFHEEE/ % (FHHE,n=5)

Table 2 Species importance values of copper mine wasteland with different recovery years ( Values are mean, n=5)

lziilelfn period ijjii name Rl R10 R30 R4 K
AR WEINFEZE ( Elsholtzia splendens) 50.01 16.08 34.72 73.82 —
Herb T8 R B ( Commelina communis) 10.74 2.64 14.60 18.38 —
KR W5 ( Setaria viridis) 1.42 3.86 — 1.00 —
U 5 ( Pseudognaphalium affine) 5.18 0.55 4.05 2.14 —
HIH ( Persicaria senticosa) 8.22 — 3.56 — —
T (Miscanthus floridulus) 7.90 17.44 10.61 — 1.82
Jii il 5 (Aletris spicata) 1.12 — — — —
14 785 (Artemisia capillaris) 14.05 18.90 13.53 — —
3L (Artemisia argyi) 1.32 — 5.80 — —
+FEEL( Carex cruciata) — 4.88 3.09 — —
F1 4 2 ( Cynanchum bungei) — 1.47 0.67 — —
B BT 5 ( Cleistogenes squarrosa) — 1.39 — 3.28 —
BEHL( Thesium chinense) — — 0.59 1.39 —
JNTEEL ( Erigeron canadensis) — 3.51 — — —
Bk T ¥l ( Lespedeza pilosa) — 4.29 — — —
H-JH7 ¥ ( Lespedeza pilosa) — 12.82 — — —
S EERS 38 ( Youngia heterophylla) — 9.62 — — —
JEEE (Arthraxon hispidus) — 0.47 — — 3.25
— K ¥ 4E ( Solidago decurrens) — 0.47 0.54 — —
B (Dianthus superbus) — — 8.24 — —
2611 ( Trachelospermum jasminoides) — — — — 39.03
4 M ( Cibotium barometz) — — — — 33.50
VBB ( Ophiopogon bodinieri) — — — — 11.82
Fi 4 (Arundo donax) — — — — 2.35
W95 F ( Coptosapelta diffusa) — — — — 2.00
A YA E >4 (Yulania biondii) — — — — 11.04
Shrub 1145 ( Camellia japonica) — — — — 30.10
LR ( Machilus pauhoi) — — — — 12.38
LA5Hi ( Diospyros rhombifolia) — — — — 4.12
BT ( Elaeagnus pungens) — — — — 3.72
1% ( Cinnamomum camphora) — — — — 4.78
% ( Toxicodendron vernicifluum) — — — — 1.80
T 43 ( Prerospermum. heterophyllum ) — — — — 3.76
EIN K ( Celtis sinensis) — — — — 47.90
Tree 1% ( Cinnamomum camphora) — — — — 25.52
Y45 2% (Yulania biondii) — — — — 6.64
LR ( Machilus pauhoi) — — — — 3.78
1145 ( Camellia japonica) — — — — 2.80
% ( Toxicodendron vernicifluum,) — — — — 2.74
— &Y

2.3 HAWE SR Hb A oA i
B KSR H R1 R10 A1 R30 A4 #Ev& A i 5 R4S Fl CK AHH 22 5 0 3, H A A= Wi FIAR R 49
s ARt A PR R A PR A B I S B IS BRI a3 (1 3) o AR R 2 AF B 7 2 75 b b b b R A A ) 6
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R AWy Y 7E R10 B 38 B R (43510 425.60 g/m? Fi1 270.23 ¢/m*) ;¥KE 30a K, J 389.71 g/m’* Fll
136.25 ¢/m’ ; PRI 45a FEHLAY FA AL B i AR R AE D35/ (435108 113.64 ¢/m*F136.42 ¢/m*) . CK Ffith
M REAE P 85N (152.56 g/m?) (HAR RAEW K, o0 368.61 ¢/m”, AN[RIVK A A7 FR A A 67 )% 53 i b, 1 2=
Pri AR R AW R R R B8 TSR SRR (K 3)
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B3 EFXAEKREFERANBRAEAMBEERREYET UL ( FHELAREIR,n=5)

Fig.3 Characteristics of herbaceous and community root biomass variations in copper mining areas with different recovery years and
control areas ( Values are mean+SE, n=5) RN[RIKE FH:FIRZARRIPKE R FAR A Y E 22 57 B E A FR/NE PR RWKE F R AR
R HER] 2% 5 W (P< 0.05)

2.4 IR SHOUEI RS R T

A 12 F AN [ B2 AF BRAE I EYE Godron B PEIUA IR S y=100-x [95E 555 (20, 80) 1 K E 25 43
Wk 23.19(R1) 43.91(R10) .24.25(R30) .15.41(R45) , 3K T CK ¥ 10.78 (&l 4,35 3) ; 50 % FEHu At ) Tk
T AU 1k Bl A VR S AF R A3 A 95 e T AR o b R4S Sl IR e AT ) e v e M (15.41) (K1 4,
% 3) RI0 MM BEIE ARRRAE (43.91) (4,3 3)

£3 TRBEERBT EF M RXEREYEEER Godron F3E M

Table 3 Godron stability of herbaceous plant communities in copper mining areas with different restoration years and control areas

PRIZAE IR A PERB(RY) SRR ¢ FG
Restoration ages Fitted curves R square Moving point Euclidean distance
R1 y=-0.000028052x>-0.0069x> +1.9681x—0.3515 0.9976 (36.40, 63.60) 23.19

R10 y=-0.00023607x°-0.0073x>+1.9857x-3.7338 0.9952 (55.48, 44.52) 43.91

R30 y=-0.000012176x>-0.008x>+1.8799x+3.5354 0.9966 (37.15, 62.85) 24.25

R45 y=0.0003x>-0.0525x%+3.8413x-8.3333 0.9927 (30.90, 69.10) 15.41

CK y=0.00095278x>-0.0270x>+2.7944x—4.2857 0.9987 (27.62, 72.38) 10.78
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