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Effects of coal mining subsidence on vegetation composition and plant diversity in
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Abstract; This research focused on the investigation into the vegetations of coal mine subsided areas of Shenfu-Dongsheng
Coal Mine Region in different years and landforms. Based on the data obtained from the field survey, importance values of
the plant species and plant diversity indexes were calculated. The findings showed that plant species in the region were
relatively poor because of the fragile ecological environment. There were 114 species found in the investigated areas
belonging to 82 genera, 30 families. The plant species in Shangwan, Daliuta and Huojitu mines were richer than those in
Bulianta and Ulan-mulun mines. After subsiding disturbance, the main components and the constructive species of the plant
communities did not changed. Species diversities in all mining areas, except Ulan-mulun mine where the ecological
environment is much more fragile, showed no significant differences. Numbers of plant species in subsided plots were more
than those in the undisturbed areas. Numbers of plant species in the plots subsided within 1 year were more than those in
the plots of subsided for 1 year, which indicated that the ground subsidence caused by coal mining slightly influenced the

community composition within short period.
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B, R CRERZ — B TRES2EZ T, HUTRE IR MK, {2002 M-8 3 M —Ki
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TERETE AL BURFAE S, R0 A X AL B SR R, B PR D ik — 3t DX i A S TR B R (A B DR 4P I BB AR
12 , R X B 3 — 25 S B BRE .
1 HREER
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Fig. 1 Distribution maps of six mining areas
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AR —BHLBL , 4 BIZESE T 3 Hp A IS BEAL I B 5 > 10m x 10m MAET7, Bl —AE bt B 15 4~ 10m x 10m
R, AT RN AR R e — A, I B 10 M, REE R B — M BN E 3 1~ Im x 1m
INEEDT  RBEEARR . A HNC SR AR S R R SR LR SR
2.2 {HEFE
2.2.1 BEEMEHE
IV = (AEXT S B + AHXT R BE + AHX AR ) /3

2.2.2 YRR

FHEE ERE WA ST B S B B T AT

FEERE BEE—EXNIET P RYIFEE , A% BRI ERE , B 288 E 5 Fh AR B R DL &%
X HEVE AR TR 22 57

Margalef $5§ %> R=(S-1)/InN
IS EAREL RS — R BT P R AR R RO DL, B R R T R R 4L K SRR -
Pielou $5%'”" E =- Y PilnPi/InS

SRR BRI EE MY RIS RIS, —E A 'L
SR T AMAEE , B RS EE S A
Shannon-Wiener $5 % ( H) %' H=- 2 PilnPi

Simpson $§%i(D) ") D=1-YPprP’
2.2.3 HHRIEREL

T 2004 42005 SEYURE 5 R TR DX Z 8] BP0 b S BT AR AR BE

Sorenson $5%§ %! C=2j/(a+b)

EREX S A B i RS L DR EIEG N R BURANEG Pi= ni/N; C IALR ) PR
HWALH BWF 0 T b 23T S5 TR BT 5 R TR X 4L
3 ZBREW
3.1 B YRR RAE B 2 A

XF 6 A XL RAE K A LR BoR , PF XA 30 B} 82 J& 114 Ry, BA il (it R A 4 5 A
B A TERIARORE , U1 2 FASEEETEA N E, AV EEAR CEERAR D ETIAR, WHEEHBR
&, VA%5F} ( Compositae ) , & B} ( Leguminosae ) FIARAFE} ( Gramineae ) 2y 3 , (G AEY) BB 54.39% |

(1) #NESET L 22 AR T SR KAH Y I5 FRAE AL USR5 BT

FEVAZ HPAME S L R BUAEY) 20 Ff, 2004 AEYTRE X BT H B 18 B, 1.2 A AAEY) 9 FF, (5 50% ;
522 K48 2004 42005 4R DX S ARSBE AR SR DX 43 1)t BUAE D) 22 .8 .8 B, % XEZ BN UIKE TR/
HIT 14 FpAEYy, Horp 2005 425K IX 1 Ff,2004 R X 13 F, AR 1 HEEF] W, BEVE B I A R R Y
N V> #E ( Psammochloa wvillosa ) y BREFP, &5 55% , FE 4B W & (Agriophyllum squarrosum ) | W V. B 52
( Corispermum heptapotamicum) % 1 FEA FAAEY) , D ] 2454 R ZE R B IV A 5 B8 ( Hedysarum laeve ) %5,
Wi B R VD AP HERGE R VPSR R YIS  E R BTG TG R M B A U R 2 2 Bl T 1
o, I T R Ly, BB IR L 1.2 SRR AR §

(2) b KM R XS G R DX AE ) B 0 AR AE TR 2 40 40 A

15 2004 452005 43R X B AHSR AR R X 43 7] S BUAE A SO F .50 Fh 39 B KM B T 52 #.50
TN 41 B VEXG G20 7] S BE 63 Fh 49 BRI S5 Fh o AR 2 T3 RFE , M1 22 ok FH R L R AR Ak Bt P U8 B
KB BRI E (Artemisia scoparia) VR IEE 15 ( Medicago sativa) BE T HE N EBMHEY) . BIEKE, W
FEFE ARV T T ,2004 4 .2005 43R X RAHSBHIAR R X B A M EFA K, FEY R EEE T
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/N AUEA R OB (Leymus secalinus) (T LA ) 2 F| T R0 , {EL B TURE I IR] 388 g @i AE R A2
F1 WEBTHMEZARETREESFANIEZEYHREEEE
Table 1 The major species and their importance values of selected plots in Bulianta and Ulan-mulun mines
#PEIEH X Bulianta mine 13,22 K48 %" X Ulan-mulun mine
HEH HEH
Y FR Species v Y2 TR Species 4%
A B C A B C

SAYDE Artemisia ordosica 48.8 14.56 14.51 || HybiE Artemisia ordosica 12.71 39.17 38.89
V¥ Psammochloa villosa 2.08 13.45 33.8 Yo Psammochloa villosa 39.52 16.64 35.42
iy B8 Corispermum heptapotamicum 2.4110.39  2.13 || F iV 15 Corispermum heptapotamicum 22.79 21.17  5.68
YR Setaria viridis 1.54 4.21 1.52 || Y& Agriophyllum squarrosum 1.23  7.25 6.36
I JH % Eragrostis pilosa 2.97 7.86 YA W Hedysarum laeve 0.24 1.78 3.21
VK% Bassia dasyphylla 1.86 0.9  1.56 || Y4THE Astragalus adsurgens 0.04 5.55
W Hedysarum laeve 0.35 9.26 12.32 || /35 Phragmites australis 1.87
WK T Lespedeza bicolor 7.67 2211138 3% Ixeris chinensis 0.19 1.53

A: 2004 4EY{[4 X, Plots subsided in 2004; B: 2005 431 X. Plots subsided in 2005; C: FRITFE X Undisturbed areas

F2 LETHMRNETREEFATEEYHREEEER
Table 2 The major species and its importance values of selected plots in Shangwan and Daliuta mines
E¥#" X Shangwan mine KAIEH X Daliuta mine
HEH HEH
Y FR Species v Y2 TR Species A%
A B C A B C

¥ B Artemisia scoparia 17.08 31.8 7.04 | 2 E T Medicago sativa 23.91 8.19 9.33
FrilEH82 Corispermum heptapotamicum 14.02 0.77 16.22 || #i%E Leymus secalinus 8.17 1.1  39.01
HEARBOR BB Astragalus melilotoides 5.57 4.27 0.95 || # W HL5Z Corispermum heptapotamicum 10.39 2.69  0.39
REPRF B Cleistogenes squarrosa 1.35 4.14 15.45 ¥ EE Artemisia scoparia 7.21 7.74 5.29
SAYDE Artemisia ordosica 4.24  0.91 14.98 || ¥ EE Salsola collina 0.5 11.95 2.56
WK T Lespedeza bicolor 3.22 6.15 6.12 || HHEFE Thymus mongolicus 0.78 15.3 0.28
Y4 )L Erodium stephanianum 0.83 6.31 0.53 | KEBRT-HE Cleistogenes squarrosa 3.33 9.43 3.24
HFL Leymus secalinus 1.92 3.18 YHTIE Astragalus adsurgens 1.38 2.63 6.17
¥ E3E Salsola collina 3.41 3.11 1.59 || Bi%iT Lespedeza bicolor 3.43 5.02 3.67
1438 )L Caragana intermedia 1.19 0.45 6.73 || BEAMRIREE Astragalus melilotoides 2.86 5.93  4.05
Y B ¥E Setaria viridis 1.68 2.86 5.2 MYDES Artemisia ordosica 2.03 0.39 3.29
iH JE ¥ Eragrostis pilosa 0.2 3.38 SI1EET S Stipa breviflora 1.71 2.65 2.49
WP HH . Oxytropis racemosa 0.32 3.34 1.56 | %4 L1 Erodium stephanianum 1.95 2.39 1.64
WHTHE Astragalus adsurgens 1.13 3.03 0.87 || FU/R#ESEEE Heteropappus altaicus 1.7 1.68 1.64
5 dE Allium mongolicum 0.03 3.6 24 135 3 Ixeris chinensis 1.96 0.96 1. 66

(3) MR AT R AR o AR AL AU 2023
2004 4F 2005 43R X R ARSBAIAR R XA H 20 BB T 30 F.37 .37 Rty . MR 3 HFEH,3 M
HiH 2004 £EF0 2005 ARG X SR TTRE X R 22 0K, 2004 4870 2005 4R ITRE X 2492 DUEAERHSF J M
SRR B ARSI 5 O 3 PR AR B SR A s (ELE SR UL DX AR B - S RO EE BHE A 1. 025 117 HLAE 2004
UL DX B BB R B 220 1L 5 352 (Iweris chinensis ) , 7k 2005 ARG RR PTG X N EBMEAA 2 1o B

HRETIRBIER T 22 T —=2 T,
3.2 RRVIHEFORE LD SRR

Ve K AE S AR Z — R SR RS T WP R B B R A 3 S P — i B B 164,
FAEA: IR A S RS I 25k, WT AR S M IO 2549 o R 4 AT IR, b R AR
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BB AR RO R S BB, SR BRI U THUE R TUUR AT H , (A R XS0 B & 25 A
[, Z 8 KR TAFRTITIRE ST o AMEE HIE TGRS R X 3 Fhe b [ v B SRR o T BE Ay
SERBEREARE 3 T XY Z R TIE N TR EM; BB X Margalef 15502 R X
Pielou 158U RE AT TR 5 22 570k B3, TR JG W38 BOBUE R T LR R 9, R W1 LB A R R X AE TR 1F
AT B A RZE T —2 M T, EXF THIAEF TEM AR 52K XETIRER T 22 TERK
T4 PR S B3 X W, I XTI s o

R3 MRRTHNECRTREFFANEIEEYHRAEER

Table 3 The major species and their importance values of selected plots in Yujialiang and Huojitu mines

HMFZH X Yujialiang mine XA X, Huojitu mine
Y FR Species v Y2 TR Species 4%
A B C A B C
A% Stipa breviflora 33.03 23.18 14.16 || ¥4 Artemisia scoparia 35.75 24.38 28.73
REBRTHE Cleistogenes squarrosa 12.83 11.63  1.02 || A B%& Thymus mongolicus 0.6 11.84  0.37
HARMBIR K TE Astragalus melilotoides 10.19 5.16 4.9 W EE Salsola collina 4.75 1.14 6. 81
¥ B Artemisia scoparia 3.1 7.16  8.77 || B/RZES 1AL Heteropappus altaicus 3.15 3.77 1.4
$E3E Salsola collina 2.75 4.5 1.05 || K&BRF 5 Cleistogenes squarrosa 3.25 6.78 1.71
241138 3 Ixeris chinensis 0.3 10.48 0.53 || WE T Oxytropis racemosa 6.12 2.79 1.5
WK T Lespedeza bicolor 10.33 5.34  3.39 || %84 JL¥ Erodium stephanianum 2.63 0.76 2.5
H KL Leymus secalinus 4.3  0.98 8.67 || YWHTHE Astragalus adsurgens 2.8 2.11 3.89
BIWHETE Medicago sativa 2.8 3.32  7.19 || BEABIRETE Astragalus melilotoides 2.36 4.89 2
L7 Polxgala tenuifolia 3.52 2.8 0.9 REM 5 Astragalus scaberrimus 0.74 0.22 6.13
HE® Artemisia sacrorum 1.57 3.61 3.79 || /MNEJEE Eragrostis minor 0.56 7.12
2E B Leymus chinensis 0.32 4.69 || B F Lespedeza bicolor 2.37 3.16 4.44
B 3% Sonchus arvensis 3.62 || %EAE%ES Stipa breviflora 1.73 5.2 0.62
BRIV iEFE AL Inula britanica 2.72 1.08 K453 Chenopodium glaucum 0.52 5.75
XA AL Scorzonera muriculata 1.23 1.22 1.06 || #i%E Leymus secalinus 1.4 0.3 4.82
R4 BEZEMSHERBILE
Table 4 Vegetation coverages and species diversity indexes in different plant communities
e 2

z;rling area Spezﬁfﬁmbﬂ C;:fage b H k E
5,2 K48 Ulan-mulun A 21 11.10%a 0.578a 1.072a 0.812a 0.6758a

B 7 12.10%a 0.540a 0.926a 0.500b 0.663a

C 7 10.60% a 0.205b 0.391b 0.363b 0.258b
M Bulianta A 27 32.80%a 0.377a 0.751a 0.901a 0.508a

B 12 22.10%a 0.550a 1.088a 0.945a 0.651a

C 8 19.20%a 0.467a 0.836a 0.593a 0.617a
KA Daliuta A 52 38.40%a 0.540a 1.154a 1.779a 0.413a

B 52 35.60% a 0.680a 1.497a 2.014a 0.525a

C 45 36.80%a 0.648a 1.420a 2.115a 0.488a
1 ¥4 Huojitu A 68 56% a 0.585a 1.406a 2.334a 0.469a

B 50 48.50% a 0.610a 1.474a 2.122a 0.544a

C 62 47% a 0.547a 1.174a 2.032a 0.414a
¥ Shangwan A 51 13.80%Db 0.565a 1.340a 1.986a 0.452a

B 50 25.30%a 0.581a 1.320a 2.031a 0.447a

C 39 17.40% a 0.404a 0.868a 1.279b 0.335a
MR 2 Yujialiang A 30 43.70% a 0.662a 1.380a 1.276a 0.578a

B 38 40% a 0.652a 1.476a 1.531a 0.583a

C 37 33%a 0.490a 1.070a 1.595a 0.406b

T—0" XA RS R — 8 2RTE 0. 05 BEKFE T, EZRABE

letter do not differ at the 0. 05 level

a, b Parameters in the same column of one mining area followed by the same

MR BCRE R SR BERE ,3 SRR 9 I B B 122 57 5 AW AP BORIAE 4 6 B2 B BB R R & L 78
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6 B choA AR Rt DTG IX e VUG X 40 B AR K, FL 2004 4006 < 8 2005 £ K 4
S TR K
3.3 IR e M A e B AV RS RIS A4

Xt 6 15711 2004 4 2005 4L X A T KRB 3 B RVRE 7 e it 3 6040 B BT L e 9 AT 436 4
Bio S T It MR UM R IR TR R VUM 2 BRI FAE 0. 84 1L b T4 0 . A
etk HUBRBEAE 2004 4515 2005 4ETRAIK TR SRYUNA 1K 2 2 Btk TEAE X L B YR IR BeoR L
I A 3 UG B A M A R . O R — SRR G T M2k ML, D 36 %L
VRS PESTR VLU 2 T R BAR A Tk , 3 B AR (AR

RS EUMBIEREEES TGS ROEXSHT

Table 5 The correlations between plant species numbers & vegetation coverage and the subsidence time

FEYIRIEL Plant species FE ¥k 35 B Plant coverage
20 T Impact Factor A C 2 F Impact Factor A C
B R =0.9571 R =0.8715 B R =0.97651 R=-0.93911
C R =0.9413 Cc R = -0.84302

R: Pearson #iCZ%; R: Pearson correlation coefficient

3.4 ULRAEHT G RS A DR AT

AR AT R — D E R, AR — BB, B Hh X R A% LB A A B R
KRB, MR BT R SE R R (3R 6) ,2004 452005 4FUTFA IR TR X 7 19 B B0 R A AR L
HAE—HE R SR 5 HT — B Bt i MRS B A R ARLBE , B 2004 4E31RE X 5 2005 4T X A 52
=i FRARLBE , 2005 4 TR X -5 AR UTHE XA B AR ARE o RIATIRE X B 58 X A A M o TR AR/, BETL
e PR s ) S AR B KR A

4 THE5EE
41 W R6 BEHALRY
’ e Table 6 Community similar coefficients
WHRERRIETE TG , A RV MR 5 c
SRR P REEES  (BERE YA A 0.9112 0.8248
MEZERW B, XA KA S E T 3R Uk # B 0.7362

BCS @S TG T RS RS

B CRHH e AR FEY RS TS, A

- FBOLY) R H RS Z MBI K. B T HER TG AT 8 L3RR Tl , I 7 A — S0 RN S I 24 4% , [ 3448 b
JFA B R 2 240 0, TR EEAE T R A L2 BDE IR, AT & K BUAE R, T X S8 3 MR K
212 FAERMESR,

AWFFE HANEE L 2 ARAEH 8 T MY KPR , 7S X AP AR SR a5 i3 7 . TR TR A R I
AR D ) SRR RAR A BB 2 B AR AR o JUH S 22 ARAB T X IR T VD 124 [ 58 Y0 3t , 76 3
RUTBIERT , M ZHERIE AT E , Simpson Shannon-Wiener il Pielou 8 $7EVIREFT G R I L B&E R
Z5 . WHHIZHAESREARTE , NS RGN AMRY . YR E B LR A S 5 R X
FhEh A AR R R R T 2 25 R G A 1 R RV RS A A8 (L A A ) SRR VER X AR (L W B 32 AR o A
HE SRR LA RS R ML D R R R B U B R RS B RO AR A K, AR
AR B A SR PR B R U 3l U b ) S AR TERE I TP IR R R R . WAV EE NPT A SRR R
Y

AP L KPR R0 X, 7 6 M X P YRR FE  EYEE BN ALK, HAERWIERKX
Sa LA B¥EFRHLA, AR E MBI TAHEREREE R, RE R, W R LB 7RI 5 A BOR S I
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BE1, PV X A SRR TR AR ) o FETERS SR KA R X B8 5 — AR sk,
VLAY A BRI PR IE T RES o

AWTH SRV T T EAN R E EER B4R L 22 57 O B X SRS 1 R GE
TIRE LR o X ULHITEPFIT AR S RGN RERT , (GE T3 SRR BOF A RESE 2 B AR B R SRR DL,
T S [R]85 R L AP L o R f Gt B 2 REPESE B0 R P R I FH R RIS B 155 , T AR PR DL R v A T
REFEAE S RE RN RE LAAEIRARZESR . X5 Grime Fl Wardle S¢ )W AL BA — 2k, T ARG R 1k
) FEER IR B PR TR DR R AR G B T BB 4k DA S RS TR I AL AR, T AR — S8 R R SR

AWFTE T PO BTG -5 R TR U AR, W1 2218 H RIS 5 A2 B b 3R UTRE SN T Rk i) el 4
JERRAT X TR B T8 B4 R R 75 AT 5 X VA Rt — B OB TS s T3 8h , AT RE X BT ST IX I &
TAEY) X T AP ESRE R MARAEY) ARV E R T BB AN THAR , WAR T, PHRaRAES
ARG T HESIRE T i T Rt X A PR E A S E 2 B EE N ES M EM IR E o
4.2 %5

(1) B BRI AR R X AR SR SEHE 55 , L Fh B N /D, T2 X P 3t H B A 30 ) 82 J& 114 F o
6 N H ORI ANERS 5 & 2 ARG X, AR PO SLR VD A8, R B — ZE TR E R T o THtRE
TV, TR S AR X 5 13 RAE SIS G X O i S st S B v st , AE A R 2RAR X R 8, LU B
B BT H B AT ALY A MR R Oy IR X SRR X A S B R
I XS S8 AR, LA Fh AT =4 X

(2) VR TR AR R L PO, R M SR RA B E 2R . NEWF L
FX PR ERE 6 M R ILH AR A S, AR B 25 B 5 R S UTRE AR PR 58, 2R 0L T
Uik X AP PREZ | T H. 2004 SRR X 85 2005 4RITRE X 1 25 , R BATE UURE RO PIAFE 9 , AR AR B R i B
BESUTRA —E R
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