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Table 1 Characteristics of 16 dominant species in the plant communities on copper mine tailings

J¥5 ) Fil A OKOMERET B WEE/ %
1 7Y Artemisia lavandulaefolia &L Compositae a—c g P 8.94
2 W Artemisia capillaries % #} Compositae a—d thRE P 3.61
3 BB Artemisia sacrorum %%} Compositae a,c.d R p 7.22
4 FHEEL Humulus japonicus FF} Moraceae a,c,d LR P 3.65
5 WAL E Artemisia annua %%} Compositae a,c,d g T 2.17
6 B Setariaviridis ARAFB} Gramineae a—d Rl T 10.73
7 H %4 Chrysanthemum lavandulifolium %%} Compositae a—c A P 6.28
8 KERFE Chenopodium glaucum # &l Chenopodiaceae a—d A T 4.84
9 S G Amaranthus retroflexus R Amaranthaceae a—d g T 2.70
10 P W Portulaca oleracea 5 B F} Portulacaeae b—d g T 4.87
11 ST 0 B3 8 Arenaria juncea £ 1FF Caryophyllaceae a,c A P 4.37
12 NSRRI Macleaya microcarpa B ZEFR] Papaveraceae ¢ g P 3.47
13 2% Vitexnegundo var. heterophylla LR Verbenaceae a,d g P 11.98
14 H il 4E Sophora viciifolia 5 R} Legunminosae a,d A P 1.66
15 B Ailanthus altissima ¥ ARB} Simaroubaceae a,b A P 8.05
16 FIME Robiniapseudoacacia SR} Legunminosae a—c hAE P 3.86

T a B WR O™, b S8 IR TE T B A, c [ RS, d + /MBS, T —44E P L4/

1.3 H\EAWFHE

K BE (1) 35 A A FRECHE BT A AR T
AR Y T A s K g R A RE(AC) R [E]
BUE 5 (PC) 53 W 4 R 25 1 5 2R I Pearson # 3¢
55 Spearman #k # 5¢ 43 B 4 B A OC HED R A
Shannon— Wiener #§ %X . Pianka #§ £ 3T 5 48 #5 Fp 14 4
AOLE M E A BRI R 2,
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XF 43 i b 1,67 %6 (2 %)) (8.33% (10 %) . 52.50%
(63%F) . 7.50% (9 %F ) 9. 17% (11 XF ) FI 20. 83% (25
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Table 2 Data analysis methods for 16 dominant species
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Table 3 yx’—test of 16 dominant species

Js 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 1

2 5. 600" 1

3 0.645 1.813 1

4 2.411 —0.068 1.342 1

5 —9.646" —2.178 —3.740 —2.667 1

6 3.492  1.788 1.329 0.134 —6.318" 1

7 14.2927 5.833" 10.7427 2.512 —1.413 1.682 1

8 0.238 —2.009 —1.740 0.547 0. 547 1.164 —0.802 1

9 0.194 0.785 1.095 0.536 —0.390 2.751 0.808 580" 1

10 —7.0797 0.075 —2.284 —9.261" 4.008" —4.293" 8.070" 1.338 1.476 1

11 —0.583 —0.207 4.350° 3.215 0.050 —0.419 2.431 —1.981 0.016 —1.131 1

12 13.2637 0.074 —0.358 4.196° —2.864 0.007 1.535 —1.251 —1.724 —2.258 0.031 1

13 2.333  7.4677 4.3507 1.017 —4.534" 5.634° 9.0857 —0.178 3.635 —1.131 0.540 0.031 1

14 1.575 0.035 —1.164 —1.360 —1.360 1.609 0.729 —0.594 —0.819 —1.072 —0.525 —0.33218.900" 1

15 0.583  3.746 8.392" 1.017 —4.534" 2.619 9.085" 0.317 7.818" —1.131 —0.086 —1.105 7.799" 0.933 1

16 2.009 0.788 7.895" 2.722 —3.401 1.475 5.906° —0.015 2.375 —2.681 1.313 —0.82921.00079.844™21.000™ 1

W= (P<<0.05) , x4k 8.2 (P<<0. 01) ; & 5 e xb i iy ¢ fh L2 1, Rl .
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Fig. 1 Association coefficient (AC) and co—occurrence percentage (PC) of 16 dominant species
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Table 4 Point correlation coefficients (@) of 16 dominant species

¥ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 1
2 0.298 1
3 0.101  0.170 1
4 0.196 —0.033 0.146 1

5 —0.391 —0.186 —0.244 —0.206 1
6 0.235  0.168 0.145  0.046 0.317 1
7 0.476  0.304 0.413  0.200 —0.150 0.163 1

8 0.061 —0.179 —0.166 0.093 0.093 0.136  —0.113 1

9 0.055 0.112  0.132  0.092 —0.079 0.209  0.113  0.637 1
10 —0.335 0.035 —0.190 0.248 —0.195 —0.261 —0.358 0.146 0.153 1
11 —0.096 —0.057 0.263 0.226 0.028 —0.082 0.196 —0.177 0.016 —0.134 1
12 0.459  0.034 —0.075 0.258 —0.213 0.011  0.156 —0.141 —0.165 —0.189  0.022 1
13 0.192  0.344  0.263 0.127 —0.268 0.299  0.380 —0.053 0.240 —0.134 0.093 0.022 1
14 0.158 0.024 —0.136 —0.147 —0.147 0.164  0.108 —0.097 —0.114 —0.130 —0.091  —0.073  0.548 1
15 0.096 0.244  0.365 0.127 —0.268 0.204  0.380 0.071 0.352 —0.134 —0.037 —0.132  0.352  0.122 1
16 0.179 0.112  0.354 0.208 —0.232 0.153  0.306 —0.015 0.194 —0.206 0.144 —0.115  0.577  0.395  0.577 1
x5 16 ABHE Pearson HX R H
Table 5 Pearson’s correlation coefficients of 16 dominant species
¥ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 1
2 0.228 1
3 —0.157 0.010 1

4 0.062 —0.149 0.083 1

—0.243 —0.112 —0.181 0.136 1

wl

6 —0.181 —0.074 —0.057 —0.086 —0.063 1

7 0.320% 0.224 0.124 0.118 —0.152 —0.123 1

§ —0.090 —0.177 —0.169 0.047 0.013 —0.028 —0.214 1

9 —0.139 —0.086 —0.112 —0.020 —0.057 —0.123 —0.139 0.311* 1

10 —0.252* —0.111 —0.180 —0.218 0.254* 0.070 —0.275* 0.031 0.016 1

11 —0.159 —0.150 0.002 —0.039 0.081 —0.085 0.172 —0.107 —0.090 —0.052 1

12 0.469%+ —0.029 —0.103 0.117 —0.143 —0.175 0.040 —0.112 —0.098 —0.133 —0. 054 1

13 0.132  0.291* 0.209 0.085 —0.175 —0.042 0.172 —0.114 —0.038 —0.156 —0.100 —0.014 1

14 0.137 0.111 —0.107 —0.115 —0.100 0.062  0.043 —0.078 —0.068 —0.093 —0.066 —0.070 0.261* 1

15 —0.061 0.105 0.422%* 0.259* —0.160 —0.022 0.230 —0.090 —0.018 —0.140 —0.103 —0.112 0.245 —0.024 1

16 0.042 0.185 0.169 0.189 —0.119 —0.021 0.108 —0.071 0.024 —0.110 —0.052 —0.083 0.655** 0.067 0.115 1

o 2R (P<0.05),#* 250 8 % (P<<0.01),

S B ) 50 L 1) b B, Ak T R i R B BT B Bt HE CREAAE Y, AR SR ST LS I ST P e O N

A SRR I R DR RO A5 RIBR | FRIAE L6 S i R 149 =S N R T S =2 TN ER T E VA
KT 0 R S 2 B0 BT R CH A B R PG R AT A /] 7 HE BRI 8] A5 KA L B, b TR T
NIRRTV B, BTN 2 AR o R A SR AT TR 1 B B
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Table 6 Spearman’s rank correlation coefficients of 16 dominant species

P 1 2 3 4 5 6 7 9 10 11 12 13 14 15 16
1 1
2 0.292" 1
3 —0.005 0.151 1
4 0.158  —0.090 0.141 1
5 —0.3687 —0.154 —0.242 —0.116 1
6 0.036 0.018  0.020 0. 049 0.187 1
7 0.444™ 0.291° 0.330" 0.176 —0.181 —0.023 1
8§ —0.014 —0.174 —0.195 0.124 0.059 0.073 —0.157
9 —0.042 0.067 0.065 0.106 —0.075  0.037 0.015 0.639" 1
10 —0.352" —0.025 —0.207 —0.370" 0.307* —0.156 —0.382" 0.122 1
11 —0.126 —0.074 0.255" 0.170 0.024 —0.125 0.173 —0.176  —0.021 —0.124 1
12 0.501" 0.008 —0.084 0.228 —0.208 —0.186 0.108 —0.140 —0.164 —0.186 0.019 1
13 0.184 0.336" 0.272° 0.117 —0.262" 0.120 0.310"  —0.061 0.211 —0.152  0.074 0.017 1
14 0.164 0.060 —0.134 —0.144 —0.144 0.104 0. 106 —0.097 —0.113 —0.129 —0.091 —0.072 0.485" 1
15 0.062 0.224 0.393" 0.169 —0.262" 0.087 0.388" 0.303"  —0.147 —0.060 —0.132 0.342"  0.088 1

—0.027

0.182 —0.203 0.132 —0.114 0.592" 0.372" 0.532" 1

16 0.159  0.153 0.3337 0.226 —0.227 0.077  0.283
0 5 10 15 20 25
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Fig.2 The clustering diagram of Spearman’s rank correla-

tion coefficients of 16 dominant species
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(0.538) B9 O, fH Al 5 K, 138 B 33 2 £ 4 78 9 15 1) )
T A B BAT—E AR

2.5 AEXMNUEESMEXRESH

i & 3T, 16 AL SR iy AR S & (0,) 5 3t
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% IE M 56 (P<<0.001) , PC 5 O, 8 &[5l 13 77 7 N
y=—0.4472°4+1.1242—0.006 (R*=0.622, P<
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3 itig
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BKEXSMREES
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1.67.1. 67 1 1. 22) ¥ K F Pearson # & F £ 1E 71 ¢
B LG (0. 64) 5 52 1EAH SRR XT (5 A3 {0 702 Lh b b xs
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Table 7 Niche breathe and overlap of 16 dominant species
R M ERE(O,)
5 G
(B) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 5.590 1
2 1.272 0.414 1
3 5.263 0.106 0.212 1
4 1.339 0.286 0.098 0.268 1
5 0.661 0.024 0.102 0.031 0.300 1
6 6.558 0.199 0.237 0.230 0.225 0.210 1
7 2.597 0.515 0.423 0.335 0.343 0.113 0.262 1
8  4.132 0.101 0.009 0.003 0.194 0.149 0.186 0.017 1
9 1.689 0.040 0.065 0.032 0.119 0.072 0.090 0.053 0.378 1
10 2.949 0.002 0.090 0.020 0.000 0.373 0.290 0.004 0.157 0.128 1
11 5.615 0.019 0.007 0.127 0.100 0.189 0.114 0.296 0.000 0.002 0.066 1
12 2.315 0.538 0.117 0.044 0.238 0.000 0.055 0.199 0.000 0.000 0.000 0.038 1
13 3.775 0.292 0.408 0.333 0.236 0.000 0.192 0.333 0.021 0.073 0.005 0.015 0.096 1
14 1.021 0.226 0.196 0.000 0.000 0.000 0.181 0.154 0.000 0.000 0.000 0.000 0.000 0.315 1
15 6.724 0.123 0.243 0.504 0.370 0.000 0.189 0.365 0.032 0.082 0.008 0.003 0.000 0.335 0.050 1
16 6.920 0.166 0.277 0.258 0.280 0.000 0.141 0.228 0.020 0.097 0.000 0.025 0.000 0.683 0.118 0.190 1
08 r 08 1
. y=-0.447x"+1.124x-0.006 < 07 L v=0.308x"+0.475x+0.111
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Fig.3 Regression analysis of interspecific associations and niche overlap
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Table 8 Extremely significant and significant correlation species pairs of 16 dominant species by three texts
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, 1-5,1—10, 1—2,2—7,3—11,3—13,4—12,
KB 7—10,7—13,7—15,8—9,9—15, 5—13,5—15,5—6,6—10
4—10 5—10,6—13,7—16
13— 14,
13—15,13—16,14—16,15—16
Pearson #H ¢ 1—2,2—7,2—13, 1—5,1—10,4—10,5—13
) 1—7,1—12,3—15,8—9,13—16 3—15
EL 4—15,5—10 5—15,7—8,7—10
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3—16,5—10,
Spearman B4 7—10,7—13,7—15,8—9,9—15, 1—2,2—7,2—15,3—11,3—13,
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Interspecific relationship and ecological niche of

dominant species in the plant communities on copper

mine tailings of Zhongtiaoshan in Shanxi province

HAN Jin-tao', LT Su-qing”
(1. Shanxi Sports Vocational College, Taiyuan 030001, China; 2. Institute of Loess Plateau,Shanxi University,
Taiyuan 030006, China)

Abstract: [ Objective] Copper mine tailings are typical wastelands formed by the accumulation of a large amount

of untreated wastes generated in the process of copper mining and smelting. The long—term massive accumulation of

copper mine tailings not only occupies a large amount of land resources, but also aggravates soil erosion and causes

secondary geological disasters due to its poor physical structure to maintain water and fertilizer, and brings huge eco-

logical security risks. Therefore, screening of pioneer plants and their configurations suitable for phytoremediation of

copper mine tailings is a key strategy for their ecological restoration. [ Method] Based on the field investigation, a to-

tal of 63 sampling quadrats of 10 m X10m,5m X 5m and 1 m X 1 m were respectively sampled for naturally colo-

nized tree, shrub and herbaceous plant communities at different successional stages across the four sampling sites of

Tongkuangyu copper mine tailing, Tongkuangyu concentrator copper mine tailing, western copper mine tailing of
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Henghe copper plant and Shibahe copper mine tailingof Zhongtiaoshan, and 16 dominant plant species were selected.
The data matrix of 16 X 63 (species X quadrats) were analyzed by the methods of variance ratio (VR) , Godronsta-
bility , interspecific association and nicheindex to study the interspecific associations and niche characteristics of domi-
nant species in the plant communities on copper mine tailings of Zhongtiaoshan in Shanxi province, China. [ Result]
The results revealed that: (1) among the 120 species— pairs of 16 dominant species, more than 70% of the species—
pairs displayed no significant correlation indicating that the naturally colonized plant communities on copper mine tail-
ings of Zhongtiaoshan had unstable community structures and were in the early or middle stage of succession; (2)
There was a significant positive correlation between the niche overlap value (Oik) of the dominant species and the
co—occurrence percentage (PC) and Spearman rank correlation coefficient (P<C0.05). The fitting effect of Spear-
man rank correlation coefficient was better than that of PC value; (3) The dominant species— pairs of Vitexnnegun-
dovar heterophylla and Sophoraviciifolia or Ailanthus altissima, S. viciifolia and A. altissima and A. altissima and
Robinia pseudoacacia, showed extremely significantly or significantly positive correlations. [ Conclusion] These spe-
cies-pairs were the best pioneer species with higher PC and lower Oik value, strong ecological adaptability for tolerat-
ing drought, poor soil fertility and metals contamination, and were thus recommended species— pairs as mixed —
planting combinations for future phytoremediation of local copper mine tailings.

Key words: copper mine tailings ;dominant species; interspecific association ;niche ; Zhongtiaoshan
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