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Abstract: The oil shale dump in Maoming, Guangdong, has heen a great social problem on environmental pollution and destruction
so that great attention has been paid to its ecological restoration and reconstruction. The objective of this study was to investigate
the species composition of soil fauna and its diversity in oil shale dump after the application of different ecological restoration
approaches in the past in order to understand the biological effect of different ecological restoration approaches. Three plots were
set on oil shale dump near Maoming city: “Notth plot” was a newly-planted mixed young forest with various tree species, “south
plot” was a 20-year-old Acacia auriculaeformis forest, and the “control plot” was a 20-year-old naturally-recovering grassland.

Soil animals, mainly including macro-meso groups, were collected by methods of hand-sorting and Tullgren funnel extraction and
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were identified into family or genus level, with only a small portion into order (e.g. Chllopoda) level or into species (e.g.
Isopoda) level. The total number of samples obtained in the present study was 11,164 individuals, which belonged to 27 orders
and 110 families or genera. Shannon index (H'), DG, (based on species) and DG, (based on groups) were used to analyze the
diversity difference of soil animals between different plots. The major results were;

(1) North plot: 33 families or genera belonging to 9 orders were found in this plot. The main Group was Caritermes,
accounting for 63.4% of total; next was Tetramorrium , 21.3% ; Hymenoptera, mainly Formicidae, has more genera than others,
accounting for 80% of the whole genera in this group. Diversity of soil animal in this plot was very low because that H’ index was
only 1.2 and the DG, index and DG, index were 4.0 and 1.3, respectively.

(2)South plot: 61 families or genera belonging to 23 orders found in this plot; and Malmcoangelia and Tetramorium were the
main groups, accounting for 60.3% and 10.2% , respectively. Two genera of Annelda and two genera of Isopoda, only accounted
for 2.6% and 1.9%, but they were considered to be major groups due to their large body sizes and distinct habitat
characteristics. Acarina has more number of individuals and families or genera, with its individual number accounting for 67.5%
of the total; and the number of families or genera of this group accounting for 70% in this plot. The diversity indexes ( H', DG,
and DG, ) in this plot were significantly higher than those in north plot, they were 1.65, 16.7 and 7.75, respectively.

(3) Control plot: 67 families or genera of soil animals belonged to 23 orders. The main Groups were Tetramorium . Lasius .
Bothriomymex of Formicidae and Malmcoangelia of oribatid mites which accounted for 20.0% , 17.1%, 13.8% and 14.5%,
respectively. Formicidae of Hymenoptera was the group with the maximum number of individuals, accounted for 51.0% ; and
Diplopoda was the group with the most families or genera. The H' index and DG, index, being 2.54 and 17.7, were higher than
those in south plot, while DG, index with 7.20 was lower that that in south plot.

Results showed that the species composition and diversity indexes were higher in “south plot” than those in “north plot” and
“control plot”, which demonstrated that using Acacia auriculagformis forest to restore the oil shale dump was an effective \approach
in terms of soil biodiversity.

Key words: soil animals; species composition; diversity; oil shale dump
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1 R
1.1 ThDiE RN

BATA T AL HEEN, & THRFEESMXNILE, EXHSR 23 C,HEFLHEFR 1705mm, B
REEM A EABE RIS RBHERYS ., SHEA 20 HE S0 FRABHMELNBTRETHEMNE
4 B 2 2 T HE R TR M M TET 30 ~ 40m B9 B b, T 1985 ~ 1988 4EHE4T T K E AR MR G4k, LHERTE 1971 ~
1992 4E E W, HAEBWELE AR, URABN I EREYHRE, IET 1999 EFHHBATES
RETH,
1.2 FEHEA

(DFHEREE MAFEA L4 k' B EHERFE AR BABRYA TR, HEH(GEERRE 8% R
BRI A BB A R SR R M B (Acacia auriculaeformis )W . BRIEE A 15m, AR , % T & B K (40
F A Lantana camara) MIE AN (NS R E Cyrtococcum patens %), M T AEYEEREE 1 ~2em.

()dvHEREME  JEHEERIE 6.7 km' . BEHBIETE 2000 ~ 2001 £F [8] 2 H A 40 AR X, 33X 2 5 45 T - 2 R o 3
WESREIENES. BRNBRATERNAREHEE, URREMH ZEXRWETRZSK, HECHE# '
JIAR (Acacia siamea) AEWBETE > K ( Khaya seneglensis) VGBS 41 5 ( Ormosia pinnata )% 28 W@ — A 1~ 1.5
m AT, VRS, MELEREERABEDE. .

G)x B MTEAEFLEY/ RN, BEFEEEL - ARKER, B R RIZA7 20a, &2 50 ~
80cm, EE N KHLEL( Eupatorrium odoratum) , H 75 ¥ ( Borreria latifolia )% . WE B HEYERE 2 ~3cm,

EREHN T ERAERINE 1,
2 BARAE

(et AERBEEMNME, CEFHRAE
#RFE 2001 TN RHAM L BIZE 7 A #0110 A A B &R
Z BRI,

QB EEHEMEEM TR S MR
SGdbHEP B RS S Y NE B NFEEBR A, iR

*1 SPESHTRERTHY(FHE)"
Table 1 Average data of soil in all sample plots

T H W T
Item South plot Control North plot

H HLHE Soil arganic matter( % ) 3.99 — 0.39

pH B Soil acidity 3.7 4.0 3.6

& 7K & Soil moisture content( % ) 20.6 17.5 7.2

* WEEK depth 0 ~ 15cm; RE/KRABKAELFHMES, K
%10 A4 A Z R Al datum are obtained in October except that soil

20 MEREER . MiIREYEERE . F) SBEEH moisture content is a mean data of the two investigations

1/6m” B S A TR 3 (Tullgren LR B WEK-FH L5, +BEHBAE. 8 G 8 H1/200
m’ B EUREZREUH 1Sem BRA T4 10 4 BPET I FHERELETR R PR HEH YA, LHERBEFHK
M2 AU LR B

G)FRAE EERHESA SFHERERERS, AMATH O~ 15em)F BERER, AELEAG LR
MpHERWWE, FIER TR BESKE R E /5 HE BT BB A8 2 A BOBE A, JUHRRE % 9
A BB S BURE R H7 0~ 15em, SRAFE 1,

(AHHKEHF HBHORAR(PFE L ESPRRELS)"  AXERE, T HS R H, FBRAY
ARG AR EE R T Shannon 158 (H') MEE-EBHE(DC)"™ M. D6, ELXBZK LK, DG, , 4
MERK LM, FNEXR EEF T EAYHENAN, LB ERSRAGIEHRE XEREHLUTH
Sy LR B E A ERM,

3 &R
3.1 AR +EHYHNMERB R LB LR

WAL 11164 N, 28 27 B, 110 B-B (MR, U TR, HPREASREMILHERE R4
1949 N, 408 9 B,32 B8 s A R R E i (3t ) ZE BT RN ATE 8 1/4 BIF O T R IR A 3459 1,
SR 23 B,.67R-B AR — WA R ENE R ERBEFL T RBGA, MERSRE,H 5756 1, 2R 23
B,61 B-B(£2). NX—AF, HH B4 s es 0 Er it s duHE, s aRE B ELE
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Table 2 Species and quantity of specimens of sofl animals actually examined in oil shale dump in Maoming, Guangdong

P

Species

Mk
South plot

Control

e

/It Total

North plot B 0.

# Spe.

R Gen.

EF.EEE Plesiopora
fll % H. % Naididae
N EHRR Pristinella
J57.2% % B Opistopora
JE 45| #4 Ocnerodrilidae
FEBI R Ocnerodril
%k B Araneae
B Atypidae
F IRl Segestriidae
H1E¥ £k A} Oecobiidae
Bt 4% Ditynidae
#E¥F} Uloboridae
M¥% % Lyniphiidae
PR Araneidae
& %% Clubionisae
HHYER Clubiona
3 % %k #} Cmaphosidee
BRI %% £ Onopidae
PR {E % Ft Theridiosomatidae
- #6F Agelenidae
B¥kF} Lycosidae
F W F} Anapidae
Yt 45 %k Fl Lioceanidae
BE#k#l Salticidae
W H Acarina
459 F wrombidiidae
A%} Laeclapidae
LR Ololaclaps
T J& R Hypoaspis
R /8 WAL Parholaspidaidae
HEW A Vigaiidae
HARBRL Evphididae
L E &R Ologamasidae
HAR M Gamasiphis
% B85 Lohmannidae
WM Meristacarus
4 B 5% Hypochthoniidae
KERGE Malmeoangelia
FEk P RER Eohypochthonius
%P H Phthiracaridae
IR 8% B Stegacarus
E % B 8 # Fuphthiracaridae
ZE PSR Rhysoiritia
10 JE B 8§ F) Eremaeidae
HEH BB Camisiidae
HEFRYR Camisia
B X 3 A 9Fl Parakalumnidae
JFARBEE R Protokalumna
B 5 5} Scheloribatidae
BB Scheloribates
%2 B Isopoda
B ¥ 1Bl Philosciidae
R B4 PR B Burmoniscus ocellatus

110

136

(e N

61
145

39
17

10

71

21

133

= W e

41

153

133

501
220

119

33

114

139

5039

293

114

139

L T e B =

359

39
17
133

4189

it

21

119

33

112

114

139

61
298

133

10

3969
220

71

21

119

33

112
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1 # Oniscidae
He# LR Exalloniscus
#F B A Armadillidae
MW H B Sphaerillo
44 4R Symphyla
% 4 Bt Scutigerellidae
&% B Scutigeromorpha
AR B Leolopendromorpha
#1828 B Geophilomorpha
BB AY Cryptopidae
22 B Scolopendromorpha
£ O fi B Polyxenida
% f#} Polyxenidae
BRELNMR Monographis
5% B Spirostreptida
AW B # Cambalopsidae
%48 Iy fi Bt Pericambalidae
PN E DREM Parabilingulus
1Ly B %% Spirobolidae
B ® Spirobolus
# LR B Polydesmida
FH L 5% Dolydesmidae
# G pE%l Prardoxosomatidae
FIH B Microcoryphia
A B Machilidae
Y 4% Meinertellidae
B B Diptera
RS W\ Rl Projapygidae
S WR Stmphylurinus
WER Collembola
%5 gk FL Lsotomidae
kit /B Paranurophorus
& A ik ® Entomobryidae
£ ik/® Entomobrya
Bl k%t Sminthuridae
FE R Dicytoma
Se kAl Cypoderidae
LEgk/® Cypoderus
FR kBl Onychiuridae
T kR Yullbergia
ek Bt Neanuridae
JK ik Paronellidae
HEBR Solina
3 % B Blattoptera
REMEB Pycnoscelidae
FEME® Pycnoscelus
LW Blatidae
KB Periplancte
J% & 8B} Euthyrhaphidae
8l Epilampridae
+ 88 Opishoplatia
%39 B Isoptera
B4R Termitidae
2 3§48 B W Microcerotermes marilimbus
FEHWR Caritermes
H#® B Orthoptera

147

27

29 10

233 19 1

62

11 1 2

82
9 168 1236

39

12

21

17

295

79

1702

147 5
147 '

21

39 ¥

253
17
17

62

1702
82
1620
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%2

9P Grullidee
VAR R Grullus
AR Trigonidiidae
YR Tetrigidae
#$ B Dermaptera
#¥ P Spongiphorida
LR Chaetospania
¥ H Homoptera
5 Aphididae
A BB Cicadellidae
¥ B Hemiptera
Mit%# Ceratocombidae
M8 B Hebridae
¥ # Lygacidae
FH K BB Neolethaeus
BE#E &l Microphysidae
#9 H Thysanoptera
) &% Phloeothripidae
TWEH DR Stephanothrips
B8 DR Ethirotheips
B B Coleoptera
REH Cucujidae
AIF #} Elateridae
thrt B RE Lagriidae
145 A& 1 # Melandryidae
# H #} Discolomidae
BB P H Staphylinidae
&% 7 # Scarabacidae
¥/ #} Histeridae
=4 R HH Brentidae
% F} Lucanidae
B # Cicingelidae
#i F& 3 F} Scaphidiidae
¢ B B Psclaphidae
#H B Bl Carabicae
8% B Lepidoptera
%0 4 A Tontricidae
N MR R Laspeyresia
A AL Noctuidae
SR} Pyralidae
REEBER Chilo
T H Diptera
# B # Chitonomidae
E A Peychodidae
F 45 Phoridae
¥ H Anthomyiidae
B39 B Hymenoptera
P+ Furmicidae

28
22

26
17

1

82

42

3185

30

20

28

12

3185

23
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SRR Brachyonera 36 591 61 688
BERWR Pachycondyla 4 4
B4 WA Terramorium 585 692 415 1792
WHFT BB Aenictus 7 kil
fTFEBUR Droylus 6 6
FNRWR Bothriomymex 478 32 510
EW YA Oligomyimex 1 1
B Crematogaster 1 1
BEWR Camponotus 7 7
HEYUR Lasius 139 139

KB R4 Quantities of examined samples 5756 3459 1949 11164

8 (Fh) B Quantities of species 61 67 33 110

B ¥ Quantities of orders 23 23 9 27

H'#8¥ H' index 1.65 2.54 1.20

DG, 5% DG, index 16.7 17.7 4.0

* +1ER (0~ 15em) WATRE B FHE, BB B AR 2 A% B B Tellgren #3873 soil animals in 0 ~ 15¢m soil layer were collected by hand-sorting, and
those in litter layer by Tellgren funnel; #€ i ) ¥R BB HEEAF LB, H AL HE R T B L KB X 4 fF individual abundance among the sample plots
cannot be directly compared, for the sampling area in north plot is 4 times larger than the others; 5 FE south plot: M-8 #Kk (4 20a) Acacia auriculaeformis
plantation (about 20 years) ; Xt B8 control: #2125 #i grassland on the verge of forest; b HE north plot: %7 # %78 #K newly planted young plantation; H' =
-~ ZP, -InP;;DG = (g! G )Z(D, /D, )" 5 DG, , T8 2(F-/) B K LM DG, was based on species (family-genus) composition , B 1K 5 7 7% Fh 2 4%

L &BE the groups marked in bold type were the predominant ones with more species; T [ the same below

3.2 AR BB Y8 F R A :

MBS BREE  ALHE B N B BUR ( Cartermes ), & BB # 63.4% , HIK k&
W& ( Tetramorium) 5 21.3% FEEYURE (Lasius) 5 7.1% (F 2), X B DL B & 008 9 1, K B R R WUR
( Brachyonera ) \ K {f /! 4% J& ( Malmcoangelia ) F1 73 5 8 J& ( Bothriomymex ) , EA143 % &5 20.0% ,17.1% ,14.5% Al
13.8% ; LLT 2 AR5 45 /& ( Eohypochthonius ) IE AR . MAMBERZHMENXRETHRE, 5 BHEH
60.3% ; R A ZMEWE, &5 10.2% , LA F A KBE ( Entomobrya ) ME HWES . HELSHRELH, MER
Ao fyRE T8 B & ( Exalloniscus ) #0 BR BE 46 B B ( Burmoniscus ocellatus )1 &5 2.6% 1 2.3% , LA R 3R ¥ sh ) b i) %
158 451 )& ( Ocmerodril ) M1/ B B J& ( Pristinella )X 5 2.4% F1 1.9% %, Ef1#HB TAAULTEAYHAE BHE
PR S ELHRHE AMAARNENSEaS, HEERR D BREENNERKBESFZ L,
3.3 RFAEH LY RS H) BRI R

RSP R 2R B A, B A Shannon B X (H') X & LARP H M B X 3L R RIRERL . LIRS REE R
RKE MEXRRER BEEMAR - BHSLXIH (SKE), A EH HEASREME, £B58H T KE
ARBE R EERM, UMESE, EAXROES MENSRERR, BN 2.54(FK2) . XEMER
BE MM ERZNRIORSHE, R ZAXMHMEFE, HAFBEANE, HANSHERENERKTE
H, HHEHUUR 1.65, ZAFEMMFEBBREMPATRE, FEEMTEBANRETHE S 7T HMEAREHN
KRS, JLHEEA F RFAEMT M, YR B BRE B RRME, B BB RA 1.200 2 RHPYHTHE
BHEET MEXRTEEZSMNEMLRE, SEATH. AU A XHEAUMEEIARTHRNEME De &
BT HERS ERFHARR., X 3 MEMM DG, B HIRZ 17.7.16.4 70 4.0, HHF K P 8 A&, BT
ZEGITRAMEH) ZMWRER, ZHNAKR I EREZEMEED K,

3.4 BEBLWIM SR ER % S |

3.4.1 BHEMBESEHARE RENTEERICETBG LEHY I RNRK 3 FXE, AP RARLE
PR, BPMABR R B S £ T HEA M AR (DLHE BB BENESEE , ST HAY B NME
I 63.4% . HESRBEEABITE, HAREE LR 309 H(1236/4) , IR L B 119 71250 AL, Fk
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BEZWEEIE, SEEMENK, AR, SETBEBUHNNBERS0% , EX2THELXAEFN . REIR
WxEAMAE I BB, QOXNE EEISFEMEKEIE, 551.0% ;M XERENEFERN 6B 1R,
HEBEMAWMEEHA  HHEB R RE 12, tHERRA . C)EH BB AN M EMAHREREL,
MER G 67.5%, 11 B, 2445 SR 79% .
3.4.2 RABHN HIBREHBRANER HMHEBBELH MRS INMIITE HEH(URBEFERR),HF
FIFRIUKBEEREAREMEANER  (DIHES, T BIHYNRBEAER, ML ESHEERK, B
MEANEKBE A2 ITRBNPRLESEETHESAM, MK EMERE, K B4 1.96 #11.95, 8
BHE., HEFRMRE Wk BMEBE N HESE1.64 LITF; Q)X BEM, L BB ERN B AN T
REEUBRR, MEFES0RMEH KX MEREHERNLHILEABRER, HPHEBMEYH
B H'EX 1.45 70 173,58 TRIHER 0.24 AT 0.84; 5 R AT MIBIE H i B EW L EIHERI R ; Q) R R A
FRBNLEEHMUNHAEHN IERTHARS, BB EARHE SR, EENXXIUN
.
4 itig
4.1 MR [FIRE M R By B 4H B, B T UL R O b A B

TEHAYMARS HIBEW AR SWAENSEFTMNER BMEEELE L EBRANER, WA
g B (A A R B AR RIE R AR Z AN TRERMBED, BEEE, A RFE
BHSRWBRE /D, BT LR, LR AR, AMRERRY, FAERBCEFRNHENE, L85
YAERFRMEAR, EREERRO LR . JbHrE, 2 REEL PR EH((NEEHARKE)M
BORER, TR e R, R SRR A R KB A R B AT 8, DG, L%t IR (B b ) B9 1/4
(%2); DG, MK 1/7(FR3), RUNHHLHRAZ L TFLE20FARKENE, LHEPREEN M)
YR EAR, XATEER G FRAEHGHE, RRUNARKENERTHEE ., i, AT KM H
BERSKEHEARKE,ERTHTHER EHELAEYE ELEYBHEN DG, B TR ER (R
3 ; HBBRNMEAREEHREFE, AP HER(0.93) LHE R TEHAM(0.73), KHAEBKHZXH
EARATUES, EM R R R T AN ER ., HE2NS - FEE, KB AR IRAE R,
HEMBEARARSE., Eh, ERENMEHAN L, FEREMK B2 DG, X A M/N(E2), LR
BRR-BERERREBERD T BB (X3, BFERENZXBEREER T HRENAE, NS
HHFRTEEAER, BREHEMMREAREY XA UARAY, B EZHREEEHES AN ED,
RAYEXS BRWE S, EME A R EERE AL EARNUR L ERR - ELLERRENEREF. B
DAFEMRM R 38, BRENE LR, BB %A ( Eucalyptus exerta ) IR MBS ( Pinus elliotii ) 55 3 &
o A B EE WA RS ER A M, TR R 2R R AR . RS IEER W
WHAFRAESREMBKEMENE AV ERE SR, TR B SRR,
BHERUEREHTERESTHARY . BN AHHEREKBARER, LYY EREE T
ZEBHTN, X —FHRELREHEENM LR EEERBRERASR, ETU LA
B, AN R CRECR AR A NG RE . RAELHNESIE, BEESMRRITREL, L+
HE R SR, AT AT, AL HEW RSB ENSREY A RO SBEEEH, B R EFME SRR,
4.2 RT+RIAYBHNZHEMSE

XS LA R A BEVE B REE AT, {E Y 45 1B ) Shannon I (H) & B EAF G LIRMLE
B, BAXMERREYHERI IR FHERM B . IR AUB-B R EME 55k
oW HERB AU RBTRCRG X B () RSB TR EER N, XM
RIATRBUHEMW LR ERECHB R TR HENKAY, BEAREEAR MBI EBZGERSH
Bk 2, BENEEA VIS /KR, LR BE A Hb i 6 B A/ b T B B AR 0E X ARt s A
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FREERNE EEM ERAATRE LA L BTN, MEEZ T, H DG 5 BRHAT L FARZ K" R
LRV AT, KSR (B HE 0 DG, M T A, TSI BB HT, Wk ) BRE AR g, Y [F)
LARTZE“RBRR” E M DC B H M HTit, KM BARM Do, BEERE THEMBN ., KA+ WHWERNE
RSP RERGM—B X, HERN WA DG, P FESHELE, XTHERN LW WBENLH
T HERR B ERERBER LA EF 8, iR RE—EE.

N3 BEHNAFEBERBELINIMOMHEAR B SEMNES (4"
Table 3 Species composition and diversity index ( H') of each group of soil animals in oil shale dump in Maoming, Guangdong”

RIHE South plot %t 8 Control JtfE North plot
ARE A% oYY O 3 ARy HK
No. of fam. No.of (%) H' No.of fam. No, of (%) H' No.of fam. No ., of (%) H
or gen. ind, or gen. ind. or gen. ind.

/MBI Microdrile oligochaetes 1 110 1.9 1 4 0.1
Wi 85| Eaethworm 1 136 2.4 1 3 0.1
$1%% B Araneas 7 18 0.3 1.6 10 23 0.7 15 9 23 1.2 2.0
4% B Acarina 11 3830 67.5 0.5 7 1200 34.7 1.7
%2 B Isoptera 3 314 55 1.0 2 3 0.1 0.6
£ A # Symphyla 1 1
B2 Chilopoda 4 35 0.6 0.6 2 14 0.4 0.6 1 4 0.2
f# 2 £% Diplopoda 3 17 0.3 1.1 6 29 0.8 1.3
AERE Microcoryphia 1 5 1 4 0.1
B B Diplura 1 1 :
WHEB Collembola 4 250 4.4 0.2 6 a4 1.3 1.5 1 1 0.1
% ¥ H Blattoptera 3 75 1.3 1 1 1 4 0.2
%48 H Isoptera 1 191 3.4 2 250 72 1 1236 63.4
EM B Orthoptera 1 1 2 2 2 3 0.2
¥ B Dermaptera 1 1 ¢
[F¥ B Homoptera 2
49 H Hemiptera 2 3 9 0.3
#9 H Thysanoptera 2 2 28 0.8
WA Coleoptera 5 10 0.2 1.2 7 55 1.6 1.3 8 16 10.8 2.0
838 B Lepidoptera 2 2 3 22
Wi B Diptera 4 21 0.4 09 2 21 0.6 0.6
Bt H Hymenoptera 3 658 11.6 0.4 4 1765 51.0 1.1 8 662 34.8 1.0
A1t total 5756 100 3458 100 1950 100
2B number of groups 19 20
DG, 8% DG, index 7.75 7.20 1.03

* RREWATEYNG AERRBEEEFRER: 2 BEEXRMEAMESBEL T EBR L B RIEALB DR EZEE; DG, EXH
B LK  The groups were classified by common method, The number of individual was the actual quantity obtained in the investigation; % shows ratio between

the group individual quantity and the community individual quantity; H' index was the diversity of family-genus in each group; DG, was based on group composition
group q y y q Y group £

4.3 XRTHBRHEHEFRE

ABRXE IHBREREA—F, XAHENERITALERNER. SHRENLER, ETRENE
FEMEIRIFRE R AR A, AL E YN ERK, A RBE MRS E, A RRE RS
MR, R T BURE S — B, TE R HE R OB B T BB, TAF B KR, MY EERE &
WHLS B, E ARG AR LS M ART MR TARRALEN. EHENETERER, AR Y
T X — A+ S Eh A R (RS IR BN DG ISR  HIX R E ST R B, A AL HE B S, K
MM X RN SR B 2H BT 0 EH AT BUH B RMEE N, A2 X RINAIMR LZENB .
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