$£33% E5H Vol.33 No.5



2% £ 7 2R
' (SHENGTAI XUEBAO)

4
PR T £335FE5H 203FE3H (FAT)

H Ve

AEEIE 52 RILER

RT3 A AR LA AR Fo B St 5 IR0 R B R A AL e Ed,KCE BFLR,F (1337)
TV KBRS EA BT R I B EIRAF R oo EmR TR R R, % (1347)
AL D R TTAE T R AT G HEJE v ererneerrne e e FE BE R B, 4% (1357)
D N g PP B, ERIE (1367)
MESEMES

A8 e b AN TR AT IR AR AE B A K ARIKAB By ceeeerreiee e Fi I ERE R H,%F (1375)
B3 F F AT IR RS AR A A L BACE E A v s £k, KM, KR, (1386)
R W B R Bt ) B N /PSPt Wi B, 2R, (1397)
Z AR A Sk A I BT X R R G A I FAT A AR e W oM B AT, % (1405)
e BHEMESRS

S R A A AR R BRI IR AE A e HHEZE kAL (1413)
T Ak B R 4 M IR IR R A A F R LR B e erR, HER, B B, (1425)
BRI T ARAERRERAY R ZEYF SAFE e M oOs, x| A SF AT (1433)
BIF FRESFAMABRBEN TSR ALERRAEFHRER e BB AT R F (1443)
e A i R R RS B B L 3 s FRE, £ R (1456)
B 23K T A T AR K ) A 2L AT IR R F B v e eeeeeee Bl ,KER,N OB % (1465)
REASRBITHEBEAT G Z 094520 5 4F A oovverriiiiii B HEE,MEE (1475)
AL B R QAN B R LI R RBFE A REEME Y0 oo Bak, W %5 KK (1482)
AR JE T L3 AN S AP AR AE oo eeerrneee e AAE N dE. A #L 5% (1495)
IR EA LIEM A DT LERAEDBELERRB S RGO Ya - T B @eH,E X% (1506)
A TAEIKEYRGTIATFRIETREEFEKRZMHL oo IAEH B KRIEM (1513)
=W XIEAEIKES

Wl T ZH U R AL AR A AR AT ETREE e TR RAT RS BB 6, F (1524)
RE AP IR B A AL 2B IE BT EIE BB HTA ooeeeeeeemmmmee e ZEL MHHE, I Z (1535)
TP AR Z I R A A F A TR AT POB JT ceeeeeeeneeeeeeeeiieiennnn & LEWE,FANE,F (1545)
BRI A B A A B TE IR F P Zveeeerrnnneeerrnnneeeennnnns FE, KR, KEE £ (1559)
BMELEFA T AT AGHE EHEE C NP S BEAAR - ZWA,E #,ERX,F (1569)
B i e A ST AG TR T A RAC G AR B e FEF,ZWC, Y MNE, % (1578)

RBESEIES
B EHARFEATE GHERREAN R LA T R El 7, ERE, TR, F (1584)



B FAKBAIA AR R GG Z F R oo MRCER M ARE KR, % (1594)

£ IR DA R B 35 B BT oo eeeeeeeeeeee e % BEEL,ELE,% (1607)
RABIAARIL L T ESAR KA R E AT FHL v W, ERE,WEE (1615)
BB R B BT 2 G W R AR BT IRILAG 1o T OMEFEAT EWA,% (1626)
P A O A P S P S BB E i, A% (1636)
DENEE

KAL) R B AR P AN A T AR T K BE A AE v v eeeennneeeerineeeiiiineeeeans JE W A EIRIE % (1645)
AT TM T2 YA 5% 04 30 T T AL AT L JB B AT +ovvmeeeeeeennnee e eiieee e T s (1654)
BH A E B R FREAHH AR 4 BTG Hra e Famk, BFBH X, MG H,F (1667)
ELERMRESFHE SN EERSEESEEIRIRIBE oo ooorrrrrrrrrrrrrrrr e (1)
 EEAE OB ATEEEERREITITEZ - vooovreerreeoree et e ettt (i)

HTIEARSECN 11-2031/Q * 1981 # m # 16 * 338 * zh * P * ¥90. 00 * 1510 * 34 % 2013-03

EEECEEECEECEEECEECEEECEE

HE B S0 MR —— TS PRZL B A AR o AR R ATk 30m, AR Tm , HA B2 I AHE (5, AN LI 5k ; 41
2 B — o0, WLk (0 ORI ; BRORBIE SR Y , K 4—Tem A RN, SEULP BB . IMARIS PR R R Kk B
MR B BO% A R B IR K LRSS PR R D RE , 2 v AL D7 T R M IX e 3 A i AR b 22— TR AL X
TCiE 2 X R b m] W, N TARARZ , — el 00 T A2 1 XA R el . Al AR RIS, ZEBASE ~FE A,
I T B AL IR B H T

FHEREGRME: BREEARE LR E-mail: cites. chenjw@ 163. com




5533 B 5 S = £ il Vol. 33,No. 5
2013 4F3 H ACTA ECOLOGICA SINICA Mar. ,2013

DOI: 10. 5846/stxb201112161925

AR, VAl Al sk 2y Blbk. S 0T S - S W) S REVERAAE. £ 25540, 2013,33(5) :1495- 1505.
Zhu Y H, Shen F, Yu J, Zhang X H, Lu L. Soil fauna diversity of abandoned land in a copper mine tailing area. Acta Ecologica Sinica,2013,33(5):
1495-1505.

R KF i TR S 5T

KA 3T A A R R A

(1. RO, [ LB SR Be , JEW] 241003 ;2. ZRUARK TSRS B8 M 8%, J6W] 241003)

WE ., 2 IR BEEE R R R P ED RS A S EE R EEE N, N TR 5 s R
ZREPERHE  FE B T AR R X 4 R 23 SRAE A R R3S 4622 HAMAR, SR S 1710 4918 H 29 2, Z55%KMH,
WA [ AR 57 1 5 O FR 2 s 2 re e 22 e, AR S it 33 ) F & AR A o R S Wy B rh /N 3
YEE ZREERRECH M D - CRRE/NT M IR A A B 255, MEREFFH P /N L% E M D - G 18500
FHXT R A AFAE B 25 5, SRR A B K F 0 AR 2 H 22 i 3, Hofh H 3 sh W B K e bn 5 O IR E B 5 22 5%
AR BT g FeW, A1 FEUMR b [A] e S D BE V& AR UM iR R, YO B B 5 5 A I AR L ], AR 02 7 b 5 L 3 A [ AH
Hih, WNEEERE, ERE MY R BT AR, B S bR MR TAMNE ML, K A6 I 5B 2%
W R X A M T S S RIS SR AR R ), O i E A R H SR A A SR EAS R AR R
WANZE AN AR R R A ] B 3B Y S A R N, T I RIS K R RS R IER LR S
FICHE M & EFE R R T H R R E RS IR E S E A, M S N R s R TR R S b B A
YR, BT R RS M E B SR AR T RS IRE SEE,

SRR LIRS L ST B ARIE M 5 R E S B T

Soil fauna diversity of abandoned land in a copper mine tailing area

ZHU Yongheng'** | SHEN Fei'*, YU Jian'*, ZHANG Xiaohui'*, LU Lin'
1 College of Territorial Resources and Tourism, Anhui Normal University, Wuhu 241003 , China
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Abstract: Community succession and soil fauna diversity are very important factors in the ecological reconstruction of land
abandoned after copper mine tailing. To understand its soil faunal community diversity features, 23 sample points in four
plots ( natural abandoned land and a control and reclaimed abandoned land and a control) were selected from a copper mine
tailing area in the city of Tongling. A total of 4622 individuals of soil fauna were collected which belonged to 29 genera, 5
phyla, 10 classes and 18 orders. The results show that Acarina, Collembola and Nematodes were the dominant groups,
Oligochaeta, Formicidae, Diptera larvae, Coleoptera larvae, Diplura, Araneae and Harpacticoida were the frequent groups
and the other groups were rare. There were significant differences in soil faunal diversity between natural abandoned land
and its control group. The richness index (d), density of soil macrofauna, mesofauna and microfauna, Shannon-Wiener
(H'") diversity index and density groups (D + G) diversity index of soil fauna from natural abandoned land was significantly
less than that of its control group. However, the density of soil macrofauna and the D - G diversity index of soil fauna from
reclaimed abandoned land were significantly less than that of its control group. The H' diversity index from reclaimed

abandoned land was more than that of its control group with very significant differences, but the other indices of soil faunal
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diversity were not different to those of the control group. The Jaccard similarity coefficient (¢ ) indicated that the most
similar values were between the soil fauna communities of the two control groups, and second, between that of reclaimed
abandoned land and the two control groups, and with the least similarity between that of natural abandoned land and the
three other sampling sites. The surface aggregation of soil fauna in reclaimed abandoned land was more obvious than that in
natural abandoned land and the surface aggregation of soil fauna at the two abandoned lands sites were more obvious than
that of the control groups. Grey relevant analysis revealed that there was a close relationship between the soil
physicochemical properties in the copper mine tailing area and the structure indices of soil fauna. The most important factors
included soil water content and total potassium. Cadmium content should also be considered. The soil fauna appeared to be
relatively unaffected by the vegetation characteristics and the total copper content of the soil. It appears that the soil water
content, the quality of the soil matrix, soil organic matter quality and content and the soil nutrient content are the
restraining factors for the recovery and rebuilding of soil fauna in land abandoned after copper mine tailing. The
improvement of these factors is mainly owing to the reclamation of the land for cropping. Therefore, the reclamation of the
abandoned lands for cropping and planting is beneficial for the recovery and rebuilding of the soil fauna. The recovery and
rebuilding of soil fauna in the natural reclamation of abandoned copper mine tailing land largely from natural invasion was

discussed in comparison with reclamation with man-made soil covering.

Key Words: soil fauna; diversity; copper mine tailing; natural abandoned land; reclaimed abandoned land; Tongling
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1 FREW|AEFRARF %

1.1 [HRMEN

il 2 T ML 30°56742"N [ 117°4328"E L T8 R HE, AL 1113 km® J2A VL R ifR Rt — e E 22
AT A IR e A MR 2 KU, 2 AR R 16. 2 C L BEK & 1390 mm, IR 75% —
80% . Hu MAT B A 7 By i o il ORI Il TR S AR, I AR BRI BT o0 A B 22 IR L B e T i
H, PR — R 100—200 m, ZDELNIEE AT 3K 600 m A2 4,

1.2 FEHbMENL

VE 4 E A 4ER 4B T A o2 HL B VDTl 4Rl RUBG L 0 7 1 45 K AR B 3 0 2011 413
FR, e e 4 e X e B MU 2SR bl A RE b A B L2 1,

(1) #1l vh4 B A B SR 1K 57 4 ( Natural Abandoned Land of Copper-mine-tailing, fij % NALC) ;. =¥ 111, —
T B RS 300K 700 m, 5525 m) K 27 m, AL 20 7 m? , BUESE 819 1 m’ IL/K AR 0. 54 km® , f FHI N
1966 47 H—1990 4 11 H | HJG AL T HIRAS BT FARMEROT D 48 20 24800 B SRR, A T4 K
T FRELA ) ) 2R R T AR ZE ) AR A A ) 08 J (R A 2 SIS, DT (o R 4 8 o BEE B, 76 JCAE

http ; //www. ecologica. cn



534 AOKAE A5 AR R FE H  Esh ) R R AR 1497

PRT Ak, AU K Pl XU I R, AE WS A P YK (Com. Imperata cylindrica ) , TR A 15
( Miscanthus sinensis) % & ( Metaplexis japonica ) #1825 ( Dendranthema indicum ) 5%

(2) M1 vhaR B A SR R 57 #h [ AR b ( Suburbs Forest Land, R 558 1 #¢ 3 %7 B8 5 & X NALC-SFL-
CK,) : 14k 30 m, FH 8 270 KIEFABE VS (Com.  Pinus taeda) , 14 B ( Melia azedarach) & Bk A ( Rhus
chinensis) M ( Cudrania tricuspidata ) | 5 3 ( Vitex negundo ) . 7 il ( Pokeberry root) T 4 # ( Stephania
Japonica) % .

(3) phupi] B &2 R & 57 i ( Reclaimed Abandoned Land of Copper-mine-tailing, fij#8 RALC) : = ¥R 111, —
B E AL (1 200 m, 55 40 m) VR 105 m, AL 31 7 m®, BUFEZE 120 J7 m® LKA 0. 95 km?® , fifi I
1970 4F 12 H—1979 4 12 A =5 A B £ ORIE T RUBM L 7 T8 T Bk 840 ) e 25 FHAE S B, 4l
Fh R & 55 G RHMEY) ;2009 57 5RPHRZ , B 2 B IE S, A T/, AR KO 0 2% B R 0 R I R
7% (Com. Arthraxon lanceolatus) ,{RF5 7V 1 7 ( Miscanthus sinensis) 4 & ¥ ( Setaira wviridis ) Fl1/IN & 3% ( Conyza
Canadensis) %% .

(4) MRihdi A 52 B R F2 A1 BBl bk 3D ( Suburbs Forest Land , 545 3 ML IR |k i #k RALC-SFL-CK, )
W 108 m , A BEZEA A3 KBEYS (Com.  Picrasma quassioides ) , AV% AR A IR A F8K (Aralia chinensis) |
18 JN K (Alangium chinense ) . & I Hil ( Paolownia tomentosa ) | 111 %% MU ( Litsea cubeba ) . K75 ( Cleredendrum
cwtophyllum) %k ( Indigofera pseudotinctoria ) FNFR (Albizzia kalkora) 55

Rl AEVEERMEANEEY

Table 1 Natural conditions of the sites in the copper mine tailing area

) IR T ) B REF
e T o v ;
‘ NALC-SFL-CK, ’ RALC-SFL-CK,

FE 5 EL Number of plots 7 3 9 4 —

pH 6.28b 5.76¢ 6.21b 6.76a 17.82
AP Soil organic matter/ % 1.50b 6.46a 2.22b 3.02b 9.97
JA Total N/(g/kg) 0.52¢ 2.04a 0.60 ¢ 1.40 b 121.11
S Total K/ (g/kg) 0.64d 4.36b 3.12¢ 5.19a 359.22
44 Total Cu/( mg/kg) 1128.34a 210.21b 943.66 a 55.63 b 17.36
424 Total Cd/ ( mg/kg) 1.95b 1.59¢ 3.23a 1.96 b 53.24
+ 555 K& Soil moisture/% 8.03¢ 13.17b 16.51 b 20.53 a 22.53
14257 Bulk density of soils/(g/em’) 1.47a 1.25¢ 1.22¢ 1.35b 16.28
FE# = Vegetation height/cm 17. 14¢ 300. 00a 4.56 ¢ 135.00 b 59.22
FHBLFE 35 % Vegetation coverage/% 86.57a 90.00a 38.00 ¢ 69.00 b 59.61

FATHARTE /NG 7 B F /R R M (8] 25 5 8. 3% (P<0.05), NALC: Natural Abandoned Land of Copper-mine-tailing, NALC-SFL-CK, : Natural
Abandoned Land of Copper-mine-tailing-Suburbs Forest Land, RALC: Reclaimed Abandoned Land of Copper-mine-tailing, RALC-SFL-CK, : Reclaimed

Abandoned Land of Copper-mine-tailing-Suburbs Forest Land

1.3 SREEITE AR S

TANRT B e [ R T T M AR A SBORE (B 1) o ARoh A R 5 b | b 1) A1 L 4 4
BEAP S 13 IR, Lol St i O /IS B SHIE ARG 5 4 /T BE CRFIRAL) bl o 4 SR 4
(R F1 o0 LA EL SR 3 AR HOREAS S0 10 MR, JEP B S s 7 AT SNFIM MBI 3
EEE(IRLL) . IS YRBE AT

TEREHL T 30 emx30 em A9 KA - BEZh W) BOREAE D7, 4 1= 438 5 T80 43 DU 2R A (0—5 em,5—10 em, 10—
15 em,15—20 cm) , WA AR 2 , T 75 Bk BORE FLAE IR A5 45 SR 9F A B — )2, KIE R ae 7 3t 93
A Hoi A 14 NALC-SFL-CK, FORRLTE ML 7 . 78 BT 4Nk M 4385 S 80 - 8 S0 | PRI S [ 2 S [ 5 g
B,
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FEFE R S IRETT 50 em A4 E 30 emx30
em WP /NEL RS RE Ty, R BR A RIS i 2 2 U )2
(0—5 ¢m,5—10 c¢m, 10—15 c¢m,15—20 cm) Xf /Al
TIES Y HATHRE , BEZEC3 S 100 om’ BEERFEAS L
FEVE R TAE LIRS YR Dy BT > 100 em® TR E 4%
TR 14 VERIBAE RIESIRE 7, A 374 AR+ J—
ERARvE BT . NS RIS IR DT ST 184 S, amaszs
iy S22 43 3 Tullgren 355 Baermann 72 43 55 42
BT 2R Fe A -3 sh E1 AR XTEIMEHERIEREE

THEE ) M S (b A - de gy Fie ! Sampling plots distribution chart of soil fauna in the
Py R E s ARG AR ) Y AT copper mine taling area
1.4 HdsbH 55354t

WIEHFFE BB, A G T Margalef 325 BEFE %0 d'"°) Shannon-Wiener ZFEVETESEL H'  Pielou ¥ 2] PEFE 5L
E Simpson R ETEEL 70 FEBE-SBHERL D - 671 ORISR B R X L HESh W REE R S YIRS A
I Jaccard F8458 ' Fl Gower 241 Sg' ™ Al it

BIHEBOE SRR AMAECR TR 10% DL E IR SSEEE, AT 1% —10% B9 0% W2ERE, 1%
DAR B R # A 2HE

A A ARG I FR 22 BT R A 4 b0 58 WG, pH (B SR IR BE 1% (pHS-3C) , A AL & &R
HERIRIA L, B4R 5EFIUE KM PRODIGY 24 B ICP Gt {0k, & /Ko 5 - A dok
TRNFR T B A0 S B R R e B A

b A P PRk 1 Sl ) B R A R S, SR R LI T IR e B L O 2 BT R A AR
SPSS13. 0 it FikAT,
2 ZEREHH
2.1 R IX ISR R 2L

2011 AEFHFZEX B TR AT X 4 REHLIEAT IR 4, Ak L8 W) 29 26 4622 HAMAE S Jm 5 177,10 49 .18
H4FH(FK2), 50 MR T 24 Hltgp, Hr W8 H (Acarina) )2 H ( Collembola ) F1ZE H 24 ( Nematoda )
FARFEIERE, B RN 75.51% M H MM E B EE R FTELARN, KA ER IR E, BEN
( Oligochaeta) . B F} ( Formicidae ) . X # H %)) H ( Diptera larvae ) | 5 # H %)) H ( Coleoptera larvae) . XX H
(Diplura) W%k H ( Araneae ) F14#7K 2 H ( Harpacticoida ) & WL2SHE, 5 SR8 18.91% , LHASHEFH
WEHER AR A7 S AR 1Y 94. 42% |, W R X LIRS YRS 00 AR, )2 0 A0 TR AT 3 e FLA
MHb, A AR SR, o WY H i Ht ( Coleoptera adult) | G 3# HUR} ( Staphylinidae ) 4545 49 ( Symphyla ) il
[ 2 20 ( Gastropoda ) MAEUEL 2, i AT JEHEAUL 3 A A6 /0 BORE b b | JUHLAR rhofe A1 FBU PR |, 1T R 2K 72 R 1 57
Hirr
2.2 YRS HLS SMEM AL - S S Y 2R Lo b

13 2 n 1, A AR AR B A g H (F=10.79,P<0.01) (B H (F=9.79,P<0.01) M4 (F=
3.62,P<0.01) FIZEEHN (F=6.25,P<0.01) TEH A 57 15 A1 AR - (5] 1 A7 AR A b 28 2 S HLvp i B
2 A0 I T 40 955 3 A 4% RE 28 A I FE & NALC-SFL-CK, >RALC-SFL-CK, >RALC>NALC, 1 3 H 2846 I 5
+& RALC-SFL-CK, >NALC-SFL-CK, >RALC>NALC,,

AR T A R S (IR B0 B g i E 4 SR Wk B SRR E R E R | R
A SR M S5 ) FE AR TP A A B 2% . AN NALC Rl R IRZH NALC-SFL-CK, (Y HLBORE
MAPERY] 2 NALC-SFL-CK, AR PIAT_F IR R 1 28 B2 B X T NALC At , Forh OBk ik 28 H
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H | Bl BPFIZR 5 G AR TE 10 3 22 5 (P<0.05) 5 Dk RALC Ff b S H X HRZH RALC-SFL-CK, M LLECKF

HRE AR SS T 38 5 1 22 S PR e AN O Sk i L 46 R0 40 L iR 2R BEAE RALC R M i 91 25 2% 8 s K Tt
RALC-SFL-CK, FEHu, For i3 H 4 i sk B 8580 H sk R IE 2 07 2% 25 5+ (P<0..05)

R2 METRITENMBEAN

Table 2 Abundance and groups of soil fauna communities in the copper mine tailing area

13841

gz DIy ARERR
*pt NALC PTG RALC SRRIRRE e e
o NALC-SFL-CK, o RALC-SFL-CK,
Groups iﬁ%f)j%‘f;f;“ T — ii;%/rf%jmﬁ T /A /%
/(T/m) /(A /C/me) /(A

g F Acarina 2505.49B 20256.41A 7606. 84B 19423. 08 A 1459 31.59
#EH Collembola 2175.82CD 12051.28B 6581.20BC 27961. 54A 1446 31.30
2 11240 Nematoda 1692.31B 8564. 10A 3316.24AB 5576.92AB 583 12.62
HBH Oligochaeta 1.59B 274.07A 90.12B 163.89AB 207 4.48
Rl Formicidae 17.46b 200. 00a 156.79ab 27.78ab 202 4.37
XU H 47 1L Diptera larvae 1384.62a 1641.03a 735.04b 884.62b 161 3.49
H53 H %1 Coleoptera larvae 373.63b 512.82b 1504.27a 807.69b 136 2.94
X H Diplura 3.17b 22.22ab 49.38a 25.00ab 57 1.23
Wk H Araneae 17.46h 18.52b 45.68a 11.11b 57 1.23
Kk % H Harpacticoida 219.78b 358.97a 427.35a 461.54a 54 1.17
H53 H B Coleoptera adult 9.52b 22.22a 33.33a 13.89b 44 0.95
[5# BB} Staphylinidae 4.76b 33.33a 25.93ab 5.56b 35 0.75
L5440 Symphyla 0.00c¢ 307.69a 170. 94b 269.23a 23 0.50
Ji2 /240 Gastropoda 3.17b 11.11ab 18.52a 2.78b 21 0.45
LIERL Enchytraediae 0.00b 871.79a 0.00b 38.46b 18 0.39
A H Lithobiomorpha 0.00b 14.81a 7.41ab 8.33ab 13 0.28
HIRHA H Geophilomorpha 0.00b 7.41ab 0.00b 27.78a 12 0.26
JiEE H Protura 0.00b 51.28b 34.19b 307.69a 11 0.24
% L4 Diplopoda 0.00b 14.81a 4.94ab 8.33ab 11 0.24
{4185 H Pseudoscorpionida 3.17b 3.70b 1.23b 16.67a 10 0.22
H¥H Odiliones 0.00b 0.00b 9.88a 0.00b 8 0.17
1353 H %1 3 Lepidoptera larvae 43.96a 51.28a 51.28a 38.46a 7 0.15
45 L H Tsopoda 0.00b 0.00b 0.00b 11.11a 4 0.08
3 H Hemiptera 0.00a 3.70a 1.23a 5.56a 4 0.08
e H Blattodea 0.00a 7.41a 0.00a 5.56a 4 0.08
A Turbellaria 0.00a 51.28a 17.09a 0.00a 2 0.04
EMH Orthptera 0.00a 0.00a 1.23a 2.78a 2 0.04
S H Tsoptera 0.00a 3.70a 1.23a 0.00a 2 0.04
R Apoidea 0.00a 3.70a 0.00a 2.78a 2 0.04
X E IR Diptera adult 0.00a 3.70a 0.00a 2.78a 2 0.04
#FE H Thysanura 0.00a 0.00a 0.00a 2.78a 1 0.02
MY Egg 1.59a 3.70a 25.93a 2.78a 24 0.52
A3t Tatal/ 421 1047 1579 1575 4622 100. 00

[T NS ING - BE R R b R 25 5 B 35 (P<0. 05 ), R[] K5 F R B 4 7] 22 54 18 2 ( P<0.

A EEL. Number of individual , 451 ; Frequency

01) , HHESNYIRE . Density of soil fauna,

AR AP B (F 17 28 MK <20 ) B AT 7 AN FEI AR A AR b P NALC-SFL-CK1 A1 RALC-
SFL-CK2 ¥EHiH 205 13 F1 14 28, M EHT AR+ H NALC A1 RALC #EHH 2051 HA 2 110 25,
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2.3 R RS HL S SME ML - S YRR A5

SR HIZ R I S AR B2 D 1 o) LU A R 40 IR 5 i 5 A M R M - 3B s ) O REVR 4540 (6 3) o IEHEEICRNA
R RBORTE , 2 AR LI /& RALC-SFL-CK, ( 18 2% 394 ~) >NALC-SFL-CK, (17 2% 348 ~) >RALC (15 2§
175 1) >NALC(8 25 60 4~) , 22 7 i3 (F,, =24.88,F,, =23.47,P<0.01) , & NALC B 5 Hou iR 41
NALC-SFL-CK, Hy22F B R (P<0.05) . 45EZBEEAAR DEL, B3 5 B85 4 v NALC 5 H ) R4
NALC-SFL-CK, fF1EM i #2553 (F=12.97,P<0.01) ,RALC ¥ 5 H X BB 20 RALC-SFL-CK, Z A3 G . %
ZE5t

MR A+ HEh )% KA NALC FE (192 4~/m? ) /N F H X B 24 NALC-SFL-CK, (870 ~/m*) HAF7E
Wi #EE R (F=9.13,P<0.01) ,{H RALC FEH1 5 HXT B 2] RALC-SFL-CK, 2SR B, 5 KM+ HEshYy)
B REANR Y SR , /N - 398 B ) % B A 45 LA AR T J& RALC-SFL-CK, (5. 40 J74~/m®) >NALC-SFL-CK,
(4.16 J1~/m*) >RALC(1.82 Ji1~/m*) >NALC(0.66 Ji/1~/m*) , BHZLXT FE I AFAEm B 5 7% (F=27.72,P<
0.01) ,3XJ& i TAME AR ISP U 5RO i 0 23 i

M Shannon-Wiener ZHEMEFERL H' A, NALC FE:b (0. 6027 ) /T HXFBEZH NALC-SFL-CK, (0.7516) H.2%
53 (P<0.05) , 1M RALC FEH1 (0. 8420 ) KT HX 4] RALC-SFL-CK, (0. 5952) H 2% 5 . 3 ( P<0.01) ,
XM A BT 22 AT RER AR e B LT 30a BEST, AREB OB TRE , Fn BN E L
i) HIESN Y, 3O BE S IS R I O DR e, TeIe e MBS R AE X T UL (H [ SR B
BR 5 A MR HL L B, Wy e IR AR B = ) BRI, g — 2B ARBICA PR, (E 2SR50 5 A1 B MR A 22 T L, B
DIZHEVETR B H AR R, 535 P 2 EA DG SIS R A (K 3) . WEE- K D - 6 15E0k
F R R F /N T H AT B2, Horh RALC REHL(1.2997) 5 H X BEZH RALC-SFL-CK, (2. 0313) 2% 5 i 3%
(P<0.05) ,NALC(0.2674) 5 HXJ B2 NALC-SFL-CK, (2.3812) 2 ik F#k i # (P<0.01) , 3% 5 4 Akt +
e MR BB 2 R,

®3 METXIEINMEELEN

Table 3 Community structure of soil fauna in the copper mine tailing area

Py =R
HEH Indexes i i SR vty ¥
NALC-SFL-CK, RALC-SFL-CK,

ZEBE% Number of groups 8B,c 17A,ab 15A,b 18A,a 24.88
AL Number of individual 60B, ¢ 348A ,a 175B,b 394A,a 23.47
EE I d index 3.7735B,b 6.5582A ,a 6.2718A,a 6.7087A ,a 12.97
KIS+ SR/ (A/m?) 192B, ¢ 870A ,a 638A,ab 475AB, be 9.13
N - EEh R/ (T A/ m?) 0.66B,c 4.16A b 1.82B,c 5.40A,a 27.72
ZHEMEFE R B index 0.6027B,b 0.7516AB,a 0.8420A ,a 0.5952B,b 11.31
SRR E index 0.6900A , ab 0.6092A ,b 0.7197A ,a 0.4714B,c 14.37
PIAMFEEL C index 0.3436AB, ab 0.2541B, be 0.2049B, ¢ 0.4081A ,a 8.14
SRR D - G index 0.2674 B, ¢ 2.3812A,a 1.2997 A,b 2.0313A,a 14.84

AT AR NG S BE e m A 1 ) 22 57 1 35 (P<0. 05) , AN [R) RS 81 3 7R A 1l 1] 22 574 Wl 2% (P<0. 01) , R A) - 3 5y ) % Ji2 : Density of soil
macrofauna , /NS + 3 5l H) %5 i . Density of soil Meso and micro fauna

2.4 HEY X SR IS A

e 4 RIHL 4 AN FF H 22 8] 358 50 0 1 05 0 AR B A L 2 TR R A R SRR, ¢ AH LR B EE
0. 5517—0. 8387 JU[FI PN, 7 W1 &+ b 1] 1= 8 3l W) ¥ 7% vh S5 A BB AR AL, #b Bl AR b ] ( NALC-SFL-CK, 5
RALC-SFL-CK, ) ¢ L R £ K (0. 8387 ) , U HHAMEI M I [ SR IASEARARL , SN Wy B v 1o 2 2 Ao o B, BV
WA, B RIS ( RALC) 5 4ME MHb ] ( NALC-SFL-CK, , RALC-SFL-CK, ) 4 & K i AR B (0. 7667,
0.6875) , UtBH A KB 6Pk ip R A A2 B 02 75 i 1) 5% Wl A o5t 1 398 o AR SR i A L 3 sl g, DA fifi A5
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SR 5T+ S B W RE IS S T A B MRHE 1A AR 3 L (NALC) 5 8 B b [F] ( NALC-SFL-CK, , RALC,
RALC-SFL-CK, ) #H{PEE/IN(0. 5714 ,0. 6400,0. 5517 ) , iX S FH T4z 1L op B AT IR 57 b 57 B i [R] 45 0 (22a) , H
SRINER TR S 1%, PN B IC A 1, BRI 2: St Aatese IEMR(ER ), HiEsR it =, (HIG
HEREAIE, ASREFH(NALC) 5 RALC-SFL-CK, HIL 2R BRI , 3 n] BE 523 (8] M B A SR8 22 b KOF
5 A5 2 ANE 3 b [RIAH R B, X VA PR T4 R 40 18 37 b EL A AR 3P 5, an -4 pH (B A AL L BA
MRS LR EER(FK ), BHIEMBERIN R, UL Gower Z2EL Sg /R, 45 HF b [] A% AH LR IE B8 in ke, A1
IFRREW/N e/ IMEL(0. 2495) HYERAE 2 DN E FHh 2 ] (NALC, RALC) | 33X 2 K 4 2 40 R 55 b S i 50RH AL
FEE A8/ (¢=0.6400) (HA B RE R 15 22 R B R Uk 10 3 ) O AEARL

R4 TIEINMBEM ¢(Sg) HULRE

Table 4 Similarity of soil fauna in the copper mine tailing area

H AR 5 SR P 37 M A L it BRI
NALC NALC-SFL-CK, RALC
H SR 0% 77 b AL Mkl NALC-SFL-CK, 0.5714(0.3583)
S R Fi L RALC 0.6400(0.2495) 0.7667(0.5104)
2 B 37 Hh AN A, RALC-SFL-CK, 0.5517(0.3471) 0.8387(0.5946) 0.6875(0.3663)

55O 0 g HRLRE 5N Sg HL R

2.5 HiR X HESNYRTEEESZE

FE 4 DFEHL Y IS YRR AR B E R R R 2 B2 IR A B i B 2R (R S),
YRR ry RGN 5 M LL A AR S0 i 1 R R W] i e AR B IR 5 2 — 2 5
B2 22 5 B (P<0.01) , I 5 B AR PO A 20 3RS 03 e (1) 28 A8 N8RRI 2o — 2 558 —
JZZ A 3 1 2% 5 (NALC-SFL-CK, FEHbMA BBIERAL) L 3X 5 14 Ji X+ 3 2h 1) 2 153 = i AH G 58 B
BHPIEEIET20 0 Si4h, ik 4 AL 1523 )R B BORR IR AR 140 200 7 22850 F (8, TR BE,
RS (17.80,33.33) TSI RRIEMR T A RE T (14.06,11.29) , B K 7 Hh 3R SR VSR T 41 Fil AR
H(6.24 54.27,3.44 56.86),

®5 HEVEIEIVEESE

Table 5 The vertical distribution of soil fauna in the copper mine tailing area

+J2/em NALC NALC-SFL-CK, RALC RALC-SFL-CK,
Soil layers . . . AR LBEA
0—S5 44.14A,a  6.14A,a  159.33A,a  13.33A,a  117.78A,a 12.00A,a  172.00 A,a 12.50 A,a
5—10 7.57B,b  2.71B,b 78.33AB,b  8.67A,ab 46.00B,b  7.78B,b  93.00AB,ab  9.25AB,ab
10—15 5.29B,b 1.57B,b 62.00 AB,b  7.67A,b  27.22B,b  5.78BC,c  51.75AB,b  7.00B,bc
15—20cm 3.14B,b 1.43B,b 48.67B,b  6.67A,b  23.33B,b  3.78C,d  26.75B.,b 5.25B,c
F 14.06 11.29 6.24 3.44 17.80 33.33 4.27 6.86

RN AR R NG F R R LR R 28 57 B3 (P<0.05) , AR RS R 40R L 2 KA 22 R 38 (P<0.01) MRS Number of
individuals , Z$HE%0 . Number of groups

2.6 R IX L IES P AR SRR N R A K G ORI 3

ISR R SRR R AR VU LA AR S IR R BT R AE A2 B PR A FIRAE D95 DL K
NR TR > R T A SCIFSE X [ BN, AR -3 5 ) -3 S W RE T R AR R DG BRI R

DX AT P 57 A0 S R b - S Sh Wy e v A5 AL -5 PR R 3R 2 8] 19 56 3%, R I @ 5 B o B 7 0, e
TS IS H () SRR H (y,) EREHN (y,) , WP EIZERHN (y,) IRy, ) WA 2SR
R (ye) , REE () RERE () , SRR EH (yy ) RV E-ZRIEAR B D - Gy, ) TE RS () o
X b AR R S5 R R AR DR 35 25 00 #, 48 37 28 S AN WA (P>0. 05) B9 B BRAES BT R A5 L Jm i i (3R
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1) BEFE 225 WY pH (x, ) A PR (x,) A (xy) BB (x,) VA (x5) 25 (xg) IR K (&, ) 1 IE
BT (xg ) FHBEE (xp ) PR 155 (o ) 1R TR0 (x0) o X ISR S0 R0 (B P AR 4, 030K (8 S HK 32 8K
(rij) (%% 6) o

xo6 AEVEIEFNMESTEXMEREHKEXKRY

Table 6 The grey relational degree among mayor factors affecting soil fauna in the copper mine tailing area

pH AL SAE gt Eaill SR REERKE RHUAE MWRE Mo SER

K 2% Factors

X X2 X3 X4 s X6 X7 g X9 10
W F Acarina vy, 0.8806  0.8900  0.8348  0.9165  0.7177  0.8963  0.9074  0.8723  0.8000 0.7633
L H Collembola y, 0.8452  0.8383  0.7778  0.8693  0.7090  0.8574  0.8672  0.8373  0.8015 0.7219
28 U4 Nematoda v, 0.8906  0.8858  0.8148  0.8906  0.7446  0.8913  0.9025  0.8779  0.7988 0.7351
B Oligochaeta y,  0.7563  0.7613  0.7720  0.8035  0.6670  0.7657  0.7899  0.7461  0.7989 0.6742
BURL Formicidae ys 0.8423  0.8425  0.7572  0.8450  0.7871  0.8360  0.8670  0.8314  0.7989 0.6810
AT R AL o 0.898  0.8816  0.7839  0.9270  0.7578  0.8994  0.9296  0.8912  0.7990 0.7281
A REL y, 0.9019  0.8808  0.8206  0.9393  0.7306  0.9238  0.9331  0.8950  0.7993 0.7545
FEREEL v, 0.9481  0.9153  0.8275  0.9323  0.7697  0.9513  0.9681  0.9399  0.8004 0.7559
ZREERREL v, 0.9541 0.9207  0.8112  0.8947  0.7939  0.9444  0.9593  0.9438  0.8001 0.7415
R Ry 0.8925  0.8996  0.8429  0.9437  0.7405  0.9068  0.9233  0.8815  0.8002 0.7820
TR CHE 0.8810  0.8716  0.8043  0.8962  0.7418  0.8872  0.9047  0.8716  0.7997 0.7338

HHUFL: Soil organic matter, F.%: Total N, 8. Total K, 424, Total Cu, 4%i. Total Cd, T3 /K Soil moisture, +IEARTE . Bulk
density of soils, AP . Vegetation height, TH A R Vegetation coverage, WA B A%E. Number of rare groups, ANME BB, Number of
individual , KB, Number of groups, ZREVETER. H index, W RPEHER. D - G index, IR CHRRE . Gray relational degree

TERTA BB Z B g 5 =r(yg, %)= 1( x5 ) = 0. 9681 Fe K, W -1 & /K i Xt + HE sh My FEERE i
K5, 5=0.6670 f/)N, F W] T HEA A 1 X5 5B N0 20 e/

TESIFCHR BB 1 =1 () ,5,) o7y Ty T T o T o T o Ty o oy o Tao ) T B0 L B2 L SR B A9 A A B BRI 3 -
KAERD - G 2 2 (0.9165.0. 8693 .0. 8035 .0.9393 0. 9437 ) FM A, [7] I 4452 4 5% i e /1N (0. 7177
0.7090.0. 6670 ,0.7306 0. 7405 ) . £k M2 WORF A S MARL SSHEECR 2 AR E0Y 2 I B /K2
A (0.9025 0. 8670 .0. 9296 .0. 9681 0. 9593 ) , [ B 341 52 4 ik 78 76 i $% A &% /1> (0. 7351 .0. 6810 ,0. 7281 .
0.7559.0.7415) ,

i A" DX AT DR 2R (0, SR B (i R/ NI oy L 5 7K i (0..9047 ) SVBH (0.8962) 424 (0. 8872) .pH
(0.8810) , A AIA ML (0. 8716) B (0. 8043 ) A # =1 B (0. 7997 ) , 4=/ (0. 7418) | Fl 9l 7 35 %
(0.7338) o JRAICHRE LA, BB TR XHEEE i S mi s > o IR B /NI 7T LA Y, 4 e Ak vk
5 SO R E D), b i ) R R R I AR RS S i, AR M A AR 2 b 1 4
SNy e/ N R 2R AR AR A A i ph T L, R e 1 R IS O T R ) - 3 B ) E Y
A7
3 #reHitie
3.1 R X HIESWREE A S IMER R KR

I o R b, S A SRR T R R B R S T DRI AR S R AR (A L el AR S R
A BIR M 22 M by R 5 I R, R T REORE 5 B e, (HBE AR [ R /NI A A
B, JUHE LT YR R T, A R, A PLBURIE FROT R & A SR A E R R, AT
PER, 50 B — ELFME PR W AE A 38 55 AP BEA R B o B AIG 8 S Ty ik 5 o s, I, £
B H AR, AR EFICR SR,

Xif EG 2 A A K St - HESh M BRI SRR AR, PT LA IR, SRR 3T TG AR RO E i R4S
B, I JE KA -3 B )% B RN 2R BHIR AL D - 6 5 AP EL AR BRI S ) VR A AR AL, HE R B
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F(F23) ., ML, BAR 2 EREA R T - O B s 2175 YLK (HOFAS 2 B BR ) 1 58 sh W Bk 9% 5 A1)
K, FERBREIE AR S K a | R IE S AP S ST R M & &, X e R R s &
SN TR RS e R A AR, i, B0 R F N E B S5F AR T - Es ik 2 5
Gigci
3.2 R EF IS YRR

B e I TR R R T 2 IO SRR i HE R A R PR, TS AR T e A dRAE T, 2K B
FRFITCIL, SR FEHEH IS, 20t A AR B WY R 1 Skt . AR 7 b+ s W i S HE R A
RSB S M 2 B K I IR B s + 55 s, HE S B R T — e (£ 3) , X &
B TR E 5 LT I S RS, F AR O AR VE Y 0 5 IS e R R VR 1 3
LR R M

B RN WREE. (1) ARER . T8, HEIPNRA S E R0 X R 5 i 5 454
TE R T AR B R S S 1R A i, 3R ISR EE e A AR Ak, S S S BEBO AN AR S B
AW AL G2 - IE SRS R AR R A 5 2 R . #2 B8 De Goede A1 Chauvat BRI I i i 23 Ny
s H R H SR B E gl dORSGE H 4 B ST RR R R S b XL LS S UE A . B AR
J 37 1 5 O RRZE AN AR B I S kb 5 LT BRZEL 1Y) ¢ ARUR B3 038 5] 0. 5714 F10. 6875, AT LUk B M AL +
Hehprim K RS G A E AR B R R S e Re e, (2) AR E L, BLES A KE
TN R 2 N T AT 4 25, % R sh W R T A AR AR SRR b R RIE T
WA+ 40em A A7, R PR K S, 1A v REARAA A5 I 4 A M i AT R K
JIAE S A A S, R TR R S SR A B R R LR, A Rt —
3.3 FELp

(1) TERB A ™ X E 4 D 23 SRAE S, LR 58 W) 4622 WA SR8 5 17710 49 18 H 29
e, RIS H R H LR A, W S B AN OB BG4 e B H 4hdL S0 B ik B
gk B AR R

(2) FFEIRECd FW, AARE 5 5 X B [B] RIS YA Ar i B 5 22 % (F=12.97,P<0.01) ,ME B
1k 75 5 G B M) T 2

(3) EARIE 37 KA 4 e sh 2% g it /N1 Ho BR A FLAFFE il 3% 28 5% (F=9. 13, P<0.01) , I & B IE5F
i 55 HF R 2 [ 22 S P AN W B 5 TEI8 AR IR 2 5 B I 57 i 94w/ N - 1R 5 W 34 /N T R A L 2 S A
#(F=27.72,P<0.01),

(4) HARIEFH Shannon-Wiener ZAEVEFEE H /T H X RA H 2 R B3 (P<0.05) , ME B EFH KT
N HRZH H 22 S 0 3 (P<0.01) s 2R R TR SE b3 FE - 260 D - G 48504/ T HXTIRA

(5) LR B g W, SN Ab [a] - SESh AR AR e K, Hovk g2 & B R 57 b 5 A0 B MR b [a] , 4R 1% 57
M 5T 3 AR A AL )N

(6) NTEE 02K E B BIE s e sh W) R Bk T A SRR et , B0 IR 37 b e B M si T4 MBI bt

(7) IRAEL T B Hi B X - AL M 5 s W i 56 R D), Hovb fee d B 0 P 36 R K
ALY R AR AW AN 2 AR R 2R A A R S R s AR N
Bist: LRUIRTE R 2A F AR 24 2009 P98 AR 357 L ERL22 %Ik 2007 2% T BH5R 5KkA% [ B AiE 4[] 2%, 2008
GTESCH A SO AR PR [F2E S0 T AN R s
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