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Abstract: Soil fauna is an important component of grassland ecosystems and plays a key role in maintaining the stability of
ecosystem structure and functioning. Studying the response of soil fauna to desertification may reveal the ecological linkage
between aboveground and belowground processes, and improve our understanding of the ecological consequences of
desertification. A survey of the soil macrofauna community was conducted by hand sorting at No-desertification (1), Light-
desertification (I1), Moderate-desertification (II1) , Heavy-desertification (1V) , and Extreme-desertification (V) habitats
in Stipa breviflora steppe. A total of 25 fauna groups belonging to 6 orders, 2 classes and 1 phylum were found. The

dominant groups were Formicidae and Scarabaeidae larvae with 8 common groups. Soil macrofauna communities in the Stipa
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breviflora steppe were similar to those in other areas in temperate prairies. As desertification progressed, the dominant
groups ( Formicidae and Scarabaeidae larvae) did not change. However, the structure of soil macrofauna communities
became simpler with total individual density and number of soil animal groups (P < 0.01, P < 0.01) ,biodiversity (P <
0.01) ,richness (P < 0.01) and evenness indices (P < 0.05) decreasing significantly. Soil fauna communities and soil
animal groups in different habitats along a degradation gradient showed different preferences and responses to habitat factors.
Desertification in the Stipa breviflora steppe affected the vertical distribution of soil fauna, with first affected individuals and
then groups. The first effects were seen in the top layers and later in the deeper layers of the soil, but the highest faunal
abundances were found in the top soil layers. The Light-desertification (II) habitat was most preferred by the Formicidae,
but food shortage resulting from desertification led to a decrease in Formicidae abundance. Soil total nitrogen, organic matter
and aboveground dry biomass were the main factors affecting individual densities of Carabidae and Curculionidae larvae,
which did not survive in Heavy-desertification (IV) and extreme- desertification ( V) habitats. Desertification had little
effect on the total individual density of Scarabaeidae and Araneida. The degradation of grassland ecosystems was reflected by

the relations among soil fauna, habitat factors, and desertification.
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5 (6—9C) , =10CHBUE 2800—3500C , 4= 475 Aty 2400—2900mm , IAHBEAE 0.1—0.4 Z 6], H 4+
B2 BT R A 17d DAL, M E R RRES | 7 AR Bl A 37 358 5 U 52 B LA A W] B 3 %
HAY, FEACET S (Stipa breviflora) Jie R JFLUE T BN 5—55% , LA B AR A NVEREZ R 48X R 3 EAR
RIZRALIR, FEMYIA AL 5 KEBEEN P (Stipa gobica) (TGt BT ¥ ( Cleistogenes songorica ) i fot
( Cleistogenes squarrosa ) M43 JL( Caragana stenophylla) 25 .
1.2 FEHBIRCE

TERFANE ZHEA b AR R b B =0 X SR BAL X003 28 5 S e 4255 WIS B AP A B ARG Hh Y 5
B IR AR ) F JE A BT P Rl AR TR (1) RSB () (PSR BAL () (TR BAL (IV)
PR E S HAL (V)5S MASE (R 1) o 8 TIHER HARN R (IE SRS ) T, & A 5 8 B 1P P 3 A0 A
R RAE R, RIENARES 4 AN AR SRR AR ORGSR 255 . AR AR B RAE T 5P R TR
o 1) FER SR AL (1) A= B8 RSB 3, ) 20 AT X &) AP 1 DTG5 B8 1 3 G (Artemisia
anethifolia) \“F-Fi ¥ ( Lespedeza potaninii) , ¥4 % 8 4 L, 3] 4% 8 52 ( Oxytropis aciphylla) B8 A5 E %
(Salsola collina) , 5t Ak (Allium mongolicum ) TE42 FEFTEHAL ( 1) A= 55 % UL s v BEFE B4k (D) A= B2 9 Fhat 2L
B Ea RS L 5 B S G A AR RV 8 (Artemisia frigida ) FVER JKTREAE ( Convolvulus ammannii) 55 | %5 []
ST o, b Z AR HE (V) AR TR RAL (V) AR BT SR BRSO A S, ol e A, b J= WA R i
I, Wy A B R sl Ve s AR AL I B3 22

R1 BRHFERFETRELERHERER

Table 1 The general conditions at different desertification habitats

HEBE/ 4845 Habitat/ index | I I v \

FEHE Vegetation VC/% 52.2+1.47a 38.7+1.27b 32.5+1.06b 18.5+£0.89¢ 9.2+1.58d
DB/ (g/cm?) 70.9+9.48a 95.6+46.36a 82.6+16.48a 44.4+6.74a 17.8+5.48b

SDB/(g/cm?) 5.5+2.03¢ 24.6+19.13a 36.7+19.01a 13.8+4.05b 1.5+0.88¢

433 Soil SOM/ (g/kg) 11.8+0.64a 8.93+0.55b 8.28+0.28b 8.08+0.38b 5.58+0.38¢
(0—10cm) TN/ (g/kg) 1.04£0.15a 0.77+£0.07a 0.75+0.06a 0.69+0.07a 0.37+0.05b
SM/ % 4.99+0.63a 3.26+0.27a 3.3+0.32a 3.02+0.69a 3.04+0.56a
pH 8.80+0.04bc 8.67+0.08¢c 8.93+0.07ab 9.13+0.03a 8.99+0.06ab

EC/(us/cm) 122+8.4a 107+7.4a 95.3+6.0a 72.1£7.5a 99.8+3.6b

SBD/(g/cm?) 1.55+0.01b 1.55+0.02b 1.55+0.01b 1.55+0.02b 1.64+0.02a

VC . AHBETE S Vegetation cover; DB: M LT /E ¥ Dry biomass; SDB: Hi_L#EAR T A4 & Shrub dry biobass; SOM. 1345 HLJ5T Soil organic
matter content; TN 3845 & Soil total nitrogen content; SM : 3£ 7K 435 12 Soil moisture content pH: + HEER B Soil pH; EC. 3 5% Soil
electric conductivity; SBD; 1345 Soil Bulk density,

1.3 B RE R E WA IS P %

FPAM AT 8 A N AJEA T, AR AR RERE 4—7 SRR ML | 25 R b R BE R REAE Skm DL B (B 1), BE
HUTE AR 25hm? (500mx500m ) |, #2854 AN [R) 18 £b A B ol o i A BEBR . 7 A4 Mo Py B AL A B 5—6
ANKETT  REJT TR BEA/NT 50m, FEARBEISRE T N Imx Im , HEARBEERETT N dmxdm, FEEREETT N, 43 HIA)
FEA R A Yy ] SC 00 = T R T3, XS PR PORAER R 380, 3R FOR SRR A1E
0—10cm JZ4T 9 5 4% 9 & HIEARE RA 1/4 K Y) 1kg BHEHF ISR, HIEAEE G A I
RAR RN EELT ISR, K R EACRAE R AR & SIS R ISR KD
50cm x 50cm, K FHFH54% 0—10em F1 10—20cm + )2 RENY) , FEEA T5% RS 12545 Hh R BEH- 2 B 1]
SRR R N SR (A RS ORISR
1.4 FESHIE B i

W REHR I BB R R SR AT S5 248, AR s e A b, &k ik, R 3R T
R . A HUTCR H EH S TR A Sk — Mg, 2 ZCR LG 2 AUk (KDN-04A & & AY) , pH (B R T
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Fig. 1 Distribution of different desertification habitats in

22936 K Hm 171296 H, @ AMARBRRI ), o3
KB N BB ( Formicidae ) 1 4 fa F & Bl 4 B
(Scarabaeidae larvae) , 735l 5 KA+ W) MK B R 53.71% F1 24.24% , 51115 77.95% ;8 W2RE 8 1>, 41
I A ik ( Araneida ) | M B RR 4 B ( Chrysomelidae larvae ) | 481 25 B B} ( Tenebrionidae ) . XU H %)) H ( Diptera
larvae) A H Bl ( Carabidae) A4l H1 ( Carabidae larvae) (% RF4) i ( Curculionidae larvae ) A2 38 H 45 it
(Hemiptera nymph) , &340 5 KRB IS W) MR S E0N 18.27% , LA WIS HEXTRIAE #1255 e A I A
SR W R SR AR 5P S I B SR A L S S R 1 A B R B S W R SR 96.21% , K
RAMALRRE(FR2),
22 Skt LS YRR A AR AL
221 IESYISEREA AR AR L

TERIAEST S RS At R vy R S Sh WA 8 1k 32 B R IR SRS A8 B B 2 B AR
JE VR A BE L T, e R B AR SRR ( 1) BN BETR AL (V) B D B L Dy 5—
3P L ARLL B T 2853 i R WY SRS AL A B KA SRS W RO = 3 (P<0.01)  Hor il
FETREAL (V) SRTEEAL( T ) B RBEEE R B (P<0.05) , H B 2 M e W 257 (£ 2) . BEEAMA
B AR AR ST = FE R A, AR AL TS BN 46.67—118.86 H/m ™ SEH MRS Ky 76.65 H/m™, 2 Ak
(D) A= s W TR (V) AR BRI AR, BT R S5 & 0 1.7 f5 . Jr 220007 R, AR S Ak A B A -
B IE AR B B B E 255 (P<0.01)  FE R (IV) Al dE BE S Ak (V) SR BT wifb ( 1) A A+
R R AR B B E 225 (P<0.05)  HAb AR 2 M B 257 (£ 2)

BEE TR A R | FEBEERE R AR B2 S HAEREVE D LA AE 22 5 UK & TR AL B Bt 3452 i A
(7] L34 Ry ORI 4 o 1 SRl (B RN B2 5 L AR A KA AN ] HG e | ORI B S ORI 5 L
X e Fh s PR A, U B 7B MRS R A 18.00—85.71 H/m™, HuB ARk iE Fl ol 36.36—72.12% , Fe i {E HI
AR (1) A8 (R 2 3R 3) o G a1 SRl BN 2 AR Ak /N AELIIT o A8 A2 AR 3R, AR Y
9 12.50—45.71% B (1) AR B A, wiskAn it VR (5 gh o) 7E 45 AR B84 i IR (A B i
AL, PR CE S FER R SR AL (V) AR B R EAE A AR B i WS HE 2 R 4 ) 78
SRS (V) THR (3R 3) .
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Table 2 Group and density statistics of soil macrofauna in different desertification stages (ind m™2)

g 4
B Groups/Bf Habitats I i In v v Ai:ie Pmp‘i"mon Abi iwe
W} Formicidae 40.44 85.71 43.00 18.00 18.67 41.17 53.71 e+
ST MBS L Scarabaeidae larvae 14.22 14.86 26.50 16.00 21.33 18.58 24.24 ot
#idk F Araneida 3.11 5.71 2.50 3.00 1.33 3.13 4.09 ++
R H Chrysomelidae larvae 6.22 2.86 2.00 2.50 1.33 2.98 3.89 ++
25 H 8} Tenebrionidae 4.89 0.57 3.50 0.50 1.33 2.16 2.82 ++
AW #} Carabidae 4.00 0.57 1.50 2.00 1.61 2.11 ++
X H 4l 3L Diptera larvae 0.89 2.86 2.00 1.00 0.67 1.48 1.93 ++
% HIRH L Curculionidae larvae 0.44 1.14 1.00 2.50 1.02 1.33 ++
AW Carabidae larvae 0.44 1.71 1.50 0.50 0.83 1.09 ++
213 H #4571, Hemiptera nymph 2.67 0.57 0.67 0.78 1.02 ++
i H &} Chrysomelidae 0.57 1.00 0.67 0.45 0.58 +
+ %8l Cydnidae 2.22 0.44 0.58 +
3% H 41 1, Coleoptera larvae 0.44 0.57 0.50 0.67 0.44 0.57 +
I H 4y 3, Tenebrionidae larvae 0.89 0.50 0.28 0.36 +
KLY Cerambycidae larvae 1.00 0.20 0.26 +
R} Cicadellidea 0.50 0.50 0.20 0.26 +
%A} Curculionidae 0.57 0.11 0.15 +
IRBIE} Cercopidae 0.57 0.11 0.15 +
[i53# sUBH4) R Staphylinidae larvae 0.50 0.10 0.13 +
F B} Gelechiidae 0.50 0.10 0.13 +
NI R4 HL Elateridae larvae 0.50 0.10 0.13 +
W%} Nabidae 0.50 0.10 0.13 +
&0 F B F} Scarabaeidae 0.44 0.09 0.12 +
AR L Coccinellidae larvae 0.44 0.09 0.12 +
K2 #1EL Dolichopodidae 0.44 0.09 0.12 +
At Total 82.22ab 118.86a  86.00ab 49.50b 46.67b 76.65 100

KB Group number 5.33a 4.57ab 4.63ab 3.50ab 2.59b 4.11

4+ KR ,/\ﬁiéﬁﬂjﬁ'ﬁﬁﬁg 10% L) L= Dominant group, individual number is more than 10% of total individuals ; ++j~]ﬁﬂ§ﬁ$,/\ﬁiéﬁ
R E 1—10% Frequent group, individual number is between 10% and 1% of total individuals;+§~7}fﬁ/f:j‘§1§ﬁ,/\ﬁiﬁ HAEHIRE 1%L T Rare
group, individual number is less than 1% of total individuals, /NG =43 | 3678 K HY + B8 S ) B 78 AR 2% B RIS BEE A 22 57 (P <0.05) . R[]

Same below ,

R3I TRREUNREEZERBELENMABNLLOIRSE( %)

Table 3 Proportion and abundance of main soil macrofauna groups in different desertification stages ( %)

J5#F Groups/ /5% Habitats I Il I \Y v
YRl Formicidae 49.19(+++) 72.12( +++) 50.00( +++) 36.36( +++) 40.00( +++)
ik H Araneida 3.78(++) 4.81(++) 2.91(++) 6.06(++) 2.86(++)
ST BBl HL Scarabaeidae larvae 17.30(+++) 12.50( +++) 30.81(+++) 32.32( +++) 45.71(+++)
B} Carabidae 4.86( ++) 0.48(+) 1.74(++) 4.04( ++)

LB L4 Carabidae larvae 0.54(+) 1.44(++) 1.74(++) 1.01(++)

I AL Tenebrionidae 5.95(++) 0.48(+) 4.07(++) 1.01(++) 2.86(++)
5 HI B IR Tenebrionidae larvae 1.08(++) 1.01(++)

R H Chrysomelidae larvae 7.57(++) 2.40(++) 2.33(++) 5.05(++) 2.86(++)
H-H A} Chrysomelidae 0.48(+) 2.02(++) 1.43(++)

£ H B4 Curculionidae larvae 0.54(+) 0.96(+) 1.16(++) 5.05(++)
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%9 Groups//1:1 Habitats I I m — .
KAFH4H Cerambycidae larvae 2.02(++)

i BB} Cicadellidea 0.58(+) 1.01(+4)

+ %R Cydnidae 2.70( ++)

4 H 4 11 Hemiptera nymph 3.24(++) 0.48+ Lot
R LOB(++) 2.40(++) 2.33(++) 2.02(++) 1.43(++)
5 H 415l Coleoptera larvae 0.54( +) 0.48(+) 1.01(++) 1.43(++)

2.2.2  THESYZEEIAARSE TR AL

FEACAT 2P R i A Tl A 55 R AU - SRS ) S E RO AR %85 BE 1 2 B3 A7 248 0—10em > 10—20cm, 52 3R 5
P, 0—10em )2 KA - HEEh W BEHOR AL T Bl R 2—5 25, 10—20em 2 1—2 26;0—10em + J2AMK%
H33.7—99.4 H/m™?,10—20em + 2 12.0—27.6 H/m™, ZFiBALB Bt 0—10em + )2 KA+ sh W ez
583 (P<0.05) (HAEFEHALAI I R A G 25 X, B TR Ak (V) BrBe A Bon 5 R T gk
(1) A8 i 3 25 5 (P<0.05) 5 & T AL B Bt 10—20em + )2 S BN A B 25 % (B 2( 1)),
FE AL It R ANA S B (0 3 B 43 A0 A8 AL A AR TR],0—10em F1 10—20em + 2 KB+ HE5h W1k %5 1 ¥ B A
BEXER(P<0.01), Hrf 0—10cm +E2RREREMAM( D) SHAA MBS B2 HE (V) MR EER
BAL( V) AEBTE 10—20em 1R E/RIESATREAL( 1) AR B EER(E2(10)),

B 0—10cm £ 10—20cm

1

6.0 120.0

100.0

e by
o =}

N
=
% ) Density/(ind/m?)
(=)
3
(=}

%L Group number

—
(=]

I I 11 v \ I Il I v \

2 AERENHERAR T IEHMEBHNNMEZEEES T
Fig. 2 Vertical distribution of group and individual density of soil macrofauna in different desertification stages

KNG FREG I FIR AR L2 4 A B i) T L s P22 57 (P <0.05)

223 TIEIYBERAEY Z L

SR R B, KA SRV, 8 AR E R A RS BN TR ik ( 1) B i (V) 3t
A EREACES SR Y IAE AR TR AL ( 1) BB, e AR PR AR S TR ik ( V) BB (B & vk ZREPE R
B AR b BE SR Ak () BBl A T s AL F BE R SO A AR B ke (R 4) . 2D IR,
FEE BHWESHEE 5 RSB T 0 B i 2 E 2 5% (P<0.01;P<0.01;P<0.05;P<0.01) , HHr KT
WAL D) Bk e 80 SR (1) A s BE T iifb (V) (EEE(IV) SoRTEEA( 1) bk & BT i Ak
(V) BrBrzm 25 02 (P<0.05) ;A (IV) AIERE (V) SRR (1) BREFREAL (D) Fd B Eiib
(1) BrBeiy ==& B 2= = 3% (P<0.05) A3 o i 35 22 5 R Ak ( 1) Fb BES v Ae ( 1) B Be il
PP S E TR (V) Z 5 BE (P<0.05) , Hfbh e b Az R LB HE R (F£ 4) .
2.3 AFFEEAATE R LIRS YT

K FHXT R AT (CA ) XA T AN [RIFE VA b B B i AR T 25 37 1 B Jisl i) K SR S e 9 047 T HEY (81 3)
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KAL) CA HEF RRFIEAE A 1.000, PO A~HE 7 4l 19 R AEAE 23 510 0.586,0.252,0.106 1 0.056 , HE )74l
Axis1 ffERE T 58.6% HLEST IS Y R AR 16, 115 P A HE 7 Sl i e T 83.89% 11 AR 1% I K 8 + e s )y Fh A8 4k
MIE 3 AT LA R FREAL (1) AR EEReBifl ( 11 ) ARAR A HLAHEF 3 Axis] JEEAT5 B () A
BAL(IV) A5 50T B HE Pl Axis2 JEE AT SR E TR (V) 20 TF, 4 KA HEsh W 28 5 A4 55 1
S Z AL, AR TR A - Sl % R 85 A  g PA S AN ]

x4 FEFTELCHMBEXETENYEN S SRR

Table 4 Biodiversity indexes of soil macrofauna in different desertification stages

AW R R Fow EEAREL Tl ZREERR AL 5] BEFR L PR AL
Biodiversity index Margalef’s index Shannon-Wiener index Pielou index Simpson’s index
I 1.14+0.06a 1.32+0.08a 0.85+0.06a 0.36+0.04b
I 0.99+0.03a 0.90+0.08h 0.81+0.05a 0.53+0.04ab
i} 0.98+0.04a 1.06:0.04ab 0.83+0.03a 0.47+0.06b
\Y 0.77+0.04b 0.90+0.06h 0.78+0.06a 0.50+0.06ab
\% 0.62+0.07b 0.60+0.04¢ 0.65+0.02a 0.61+0.03a
1.0 [T Axis2

Cicadellidea

ae Scarabaeidae larvae

Elatgridae la

Diptera larvae aphylinidae farvae

C bycidae 1
Carabidae lag%ren yeicae “aras

Formicidae Axisl

U
Tenebrionidae
Curculionida larvae nv
II C dnidaei] I ; Araneida
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Fig. 3 Correspondence analysis of soil macrofauna and habitats in different desertification stages
WAL Formicidae; 4@ F MEM4)H Scarabaeidae larvae ; il H Araneida ; ' H B4 d Chrysomelidae larvae ; 25 B} Tenebrionidae ; XU# H 4y Ht
Diptera larvae ; 4 8, T EFl Scarabaeidae ; 25 B Fl Carabidae ; 1458} Cydnidae ;23 B #5 2L Hemiptera nymphae ; 4 B B4 HU Curculionidae larvae;
I H 4y 1 Tenebrionidae larvae ; 25 R HL Carabidae larvae ; B8 H 4/ 3 Lepidoptera larvae ; '/ &} Chrysomelidae ; 23 H %) U Staphylinidae
larvae ; BLH B} 4f1 B Coccinellidae larvae; K 4 B} 41 H Cerambycidae larvae; M % i Bl Cicadellidea; % B £} Curculionidae; M B &l 4 1t
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Table 5 Eigenvalues, correlations, cumulative percentage variance for habitat variances

He A Axis Axis] Axis2

HHE Dry biomass( DB) -0.0907 -0.2503
FEARA W) Shrub dry biomass(SDB) 0.0933 -0.2456
T HEH ML Soil organic matter content( SOM) -0.0656 -0.2357
2% Soil total nitrogen content( TN) -0.0872 -0.5541
+ 355 /K Soil moisture content( SM) -0.0335 -0.2884
3¢ pH Soil pH (pH) 0.5789 0.2479
3 5% Soil electric conductivity ( EC) -0.1524 -0.2454
F A HE Soil bulk density (SBD) 0.1189 0.1217
FHAEAY Eigenvalues 0.096 0.073

Y15 IRBE 5 F R B Species-environment correlations 0.663 0.767

YIRS HE A b B A Cumulative percentage

variance of species -environment relation

35.4% 62.4%

3 it
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Fig. 4 RDA dimensional ordination of soil macrofauna and environment factors

WFF Formicidae ; 48 F B4l H Scarabaeidae larvae ; ik H Araneida; M- F F}4) . Chrysomelidae larvae ; 8125 I B} Tenebrionidae ; BG# H 4 H
Diptera larvae ; 4 f T 5B} Scarabaeidae ; 2 Bl Carabidae ; T35 %} Cydnidae; 24 H % H Hemiptera nymphae ; 2 R4 H Curculionidae larvae;
UL F 4l HL Tenebrionidae larvae ; 2 F B4 L Carabidae larvae ; 8§35 H 4l #t Lepidoptera larvae ; I H %} Chrysomelidae ; H 1 18} Cicadellidea; I
HWE L Coccinellidae larvae, 1EJ5TE () RIcEALFEM No-desertification ; 1K 5 T (D) $2 T BEALFE M Light-desertification; T 52JE (+) H
JEFE AL BE b Moderate — desertification; 72 =8 ( <1) T J¥ 3 % b £ ML Heavy-desertification; 25 (= ) i 5 & 7 ¥ AL B Mo Extreme-
desertification; =T ( A) ¥IFh Species; DB i I FA:#ht Dry biomass; SDB: i AT A4 Shrub dry biobass; SOM: A HLET Soil
organic matter content; TN ; 34> %% & Soil total nitrogen content; SM: 387K 53 % &t Soil moisture content; pH: +IEFRTIE Soil pH; EC: +
HEHL 53R Soil electric conductivity; SBD ; 3% Soil Bulk density,
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