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Abstract; Sandy desertification strongly affected the distribution and diversity of plant and animals in arid and semiarid
areas. Ground beetles were mainly animals in the sand ecosystems, and very sensitive responses to vegetation and soil

environmental change derived from sandy desertification. In this study, we select a natural desert adjacent to Zhangye oasis
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of the middle of the Hexi Corridor as a research region. The active sand dunes (ASD), interdune lowlands (IL), semi-
fixed sand dunes ( SFSD) and fixed sand dunes ( FSD) were conducted depending on the degree of desertification
development. Ground beetles in four habitats collected by pitfall trapping, and environmental aspects related to the
scattering of beetles were explored. We found that ground beetle communities were significant difference among the four
habitats and seasonal variation on ground beetle assemblage. The average dissimilarity of beetle community among ASD, 1L,
SFSD and FSD habitats in May was greater than that in August. The activity density of ground beetles in SFSD habitats was
significantly higher than that in other three habitats in May and August, and diversity of ground beetles in FSD habitats was
significantly higher than that in other three habitats in August. The response patterns of ground beetles to desertification were
different with body sizes. The large and medium beetles response to desertification was more sensitive than small beetles,
especially in May. The results of redundancy analysis (RDA) show that twelve vegetation and soil factors contributed to
49.8% of the variation in the ground beetles. Moreover, we found that vegetation, soil and the interaction between them are
explained 16.3%, 4.2% and 29.3% of the variation in the ground beetles, respectively. The results of pRDA show that
herbaceous species richness, shrub cover, soil coarse sand, and soil organic carbon content were fundamental environmental
factors affecting the distribution of ground beetles, which contributed to 43.7% of the variation in the ground beetles. The
Pearson correlation analysis shows that herbaceous species richness were significantly positive correlations with the activity
density of ground beetles, and an opposite pattern was observed on the evenness index; the shrub cover was significantly
positive correlation with diversity index of ground beetles; species richness of ground beetles was significantly positive
correlation with herbaceous species richness and shrub cover. In addition, a strong indication of ground beetles for habitat
type was found. Blaps gobiensis, Cyphogenia chinensis, Deracanthus potanini and Sternotrigon kraatzi were indicator taxa for
FSD habitats. Anatolica spp. were indicator taxa for SFSD habitats. Mantichorula semenowi can be used as indicator taxa for
IL and ASD habitats. In short, community structure and species identity of ground beetles in the sandy desert can be used as

indicator species for sandy desertification derived from vegetation and soil degradation.

Key Words:; the Hexi Corridor; natural desert; sandy desertification; ground beetle diversity; indicator species
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Table 1 Vegetation and soil properties ( Mean+SE) across active sand dunes ( ASD) , interdune lowlands (IL), semi-fixed sand dunes ( SFSD)

and fixed sand dunes ( FSD)

A48 Environmental variables B Fr ASD Fr R IL > [ 1P . SFSD [ 7 Vb Fr. FSD
WA Shrub density/ (#£/100m?) 0+0c 3.17+0.91b 3.00+0.87b 4.67+1.35a
THEARYFIEEE Shrub species richness 0£0c 1.00£0.29b 1.25+0.36b 1.92+0.55a
WEATEE Shrub cover/% 0+0c 2.33+0.67b 2.25+0.65b 18.42+5.32a
HARYIFIE & Herbaceous species richness 0+0c 1.00+0.29b 1.83+0.53a 1.67+0.48a
BTG Herbaceous cover/% 0+0d 2.00+0.58¢ 3.00+0.87h 4.33x1.25a
FIEATE Soil bulk density/ (g/cm®) 1.62+0.47a 1.62+0.47a 1.61£0.46ab 1.58+0.46b
T+ B AP & Coarse sand content/% 13.53+3.91b 13.33+3.85h 29.89+8.63a 32.68+9.43a
+-HEARS A Fine sand content/ % 86.39+24.94a 86.49+24.97a 69.93+20.19h 66.94+19.32b
KRR & Silt and clay content/% 0.08+0.02b 0.19+0.05ab 0.18+0.05ab 0.38%0.11a
+IEHE S Soil hardness/mm 3.08+0.89¢ 6.67+1.92h 7.11£2.05b 10.57+3.05a
AP S Soil organic carbon/ ( g/kg) 1.27£0.37b 0.70£0.20c¢ 0.71£0.21¢ 1.46+0.42a
+ 4 H i Total nitrogen/ (g/kg) 0.06+0.02¢ 0.07+0.02bc 0.08+0.02ab 0.09+0.03a
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I FH A B2 30 2 AR A9 R — 35 A T 0T b 3R Y E A 1) 52 ) B DTk el 2 2P ) R 3 ( Interactive-
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Fig.1 Non-metric multidimensional scaling ( NMDS) plots indicating 2-dimensional distances of ground beetles of the active sand dunes
(ASD) , interdune lowlands (IL), semi-fixed sand dunes ( SFSD) and fixed sand dunes (FSD) in May and August
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Fig.2 The activity density, species richness, diversity and evenness index of ground beetles across active sand dunes ( ASD), interdune

lowlands (IL), semi-fixed sand dunes ( SFSD) and fixed sand dunes (FSD) in May and August
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Fig.3 The activity density and species richness of large, medium and small beetles across active sand dunes ( ASD) , interdune lowlands

(IL) , semi-fixed sand dunes (SFSD) and fixed sand dunes (FSD) in May and August
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Fig.4 The RDA two-dimensional ordination diagram of ground beetles with explanatory variables across active sand dunes ( ASD),
interdune lowlands (L), semi-fixed sand dunes (SFSD) and fixed sand dunes ( FSD)

KH O {UERFEIT B Active sand dunes (ASD), [0 {43 /M {K s Interdune lowlands (IL), A fUF¥[HE ¥ K Semi-fixed sand dunes
(SFSD), <& fRE R Fixed sand dunes (FSD) ; HSR AR A Y Fh £ & ¥ Herbaceous species richness (HSR) , SC fXFRM AR TEE Shrub
cover (SC), CSC R 1 HEMA & Coarse sand content (CSC) , SOC X3 1A HLHK % 12 Soil organic carbon (SOC) ; APH-IF4 8 Aphodius
spp., PSE-THZELHE Pseudotaphoxenus sp., CYM-4EH & Cymindis sp., HAR-SE @B HL Harmonia axyridis, BOT-H{ZX 4 )& Bothynoderes sp. ,
DER-H 5 24 Deracanthus potanini, TAN-FMELF R Tanymecus urbanus, ELA-FIH#} Elateridae sp., HIS-I&] 1 #} Histeridae sp., LAT-#7H
F} Latridiidae sp., SCO-/NEFl Scolytidae sp., ALE-Ti i B3 U Aleochara sp., ALL-F5AKH R} Alleculinae sp., ANA-A % H & Anatolica
spp., BLA-BEEEH Blaps gobiensis, CYP-FHAEH B Cyphogenia chinensis, MAN-f [G Y& ¥ . Mantichorula semenowi, MIC-Bi /N%¥§ B Microdera

kraatzi alashanica, STE-5 I Sternotrigon kraatzi.
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ISA (Indicator Species Analysis, ISA) 7 B4 SRR, HN R L (1V=63.9,P<0.001) , KEEEH (1V=
39.8,P=0.033) \AFEELH (1V=25.0,P=0.050) F1 ¢ [C i 3 H (1V=58.4,P<0.001) % R AL o] LA F45 78 FSD
AN AR JE R L (IV=48.2,P<0.001) AT L T8/~ SFSD A:5% ; [RS8 35 1 (1V=36.8,P=0.028) 7] LI F
T8N IL A5

WER TG FIAY) AN B A R R D & 1 2 B IEAH DG (P<0.05) , BT A ALK & 1 i AH SC
BUNP>0.05) , iR UG Zh 9% B S RO R E B R 0 EARDC S A MLk i 2 0 U G M 3R
s b= B S R R 6 RN R AR A T A A B 2 TR OG5 M 3R P e e M B R R 5 B R A Lk
i i S EAH DG R IS B S RO R o R S ORGSR LR i R R A OC (R
2), AN[FIHbER ARG S SR B R - R AR A e AR O] AR S R AR R A R A L TR ARG,
M5 AU i 2t 3 A OG  SBE EE WS R A ML & & 52 100 3 IR A OG, th ARl A SR S5 2
FEAHDC I TC Va5 AR AL & 1t 2 35 SR OG5 o [ VS HY SR 55 B B AR = i B RN 08
FHAD & i 5 0 2 TG HON A R 5 SHEARTE R | RN FIA MLaR & 4 2 W A OC (3R 2)

®2 MRARBERFTERHMS 4 NIREEFHI Pearson X RE

Table 2 Pearson correlation of ground beetles and dominant species with four environmental variables

HEH H Ground beetles Sc HSR CSC soc
B Community

THENEE Activity density -0.076 n.s. 0.491 *** 0.207 n.s. -0.415**
YR E Species richness 0.395 " 0.328* 0.228 n.s. -0.001 n.s.
ZAREMEFREL Diversity density 0.397** -0.080 n.s. 0.035 n.s. 0.626***
Y5 BEFE I Evenness index -0.080 n.s. -0.392** -0.185 n.s. 0.501 ***

FEZHHE Dominant species

KW B Anatolica spp. -0.127 n.s. 0.472*** 0.213 n.s. -0.504***
KEEEEF Blaps gobiensis 0.199 n.s. -0.010 n.s. -0.086 n.s. 0.298
AL Cyphogenia chinensis 0.432** 0.133 n.s. 0.247 n.s. 0.234 n.s.
itk 4 Deracanthus potanini 0.514** 0.200 n.s. 0.334* 0.356 "
WG FEBE T Mantichorula semenowi -0.602 """ -0.236 n.s. -0.476 *** -0.353**
TR B Sternotrigon kraatzi 0.529 *** 0.675*** 0.633*** 0.216 n.s.

SC: #EAFEEE Shrub cover, HSR: FEAY)Fh 3= & B Herbaceous species richness, CSC. O AP & i Coarse sand content, SOC; A WL S
H Soil organic carbon; *#:* P<0.001, *# P<0.01, * P<0.05, n.s. P>0.05.

3 Wit

TR 2k P AR B VDA B X 4 B AEBER AV BEARAR B, DA ASD 21| FSD A= 85%  HE AR R B A 55 B Ky ol
T BRI AR LR N At JRRE 2 A 1T SRR B ML RS 2 e M A S B R A
() X EGRIGARE S FERRIDVD MBI SE 45 R — 3, VI Ak 3800 1 36 B S AR P R A 1T 1R 4%
B2 FEAR, N T BR & S0 LATACSE - R0, B i A R R A 2 B> R 2 B, YT PG G i B 4
DMk DN T B VDA e P A2 B0 3R R R 3% B T PRI i o T ik S LA b S R s i S R
(A3 Bh o FE e AR ST 1k P IR B VDR X AR B IR AL, e Y T B P e R R
{ELFR S R 2 R RN 22 R M S AR IR AR R A, X 5O T T Vb A B R AR Ao R v i R AR VR AR TR M R
[r) 132430 i - RV D AR R A I RN R R AR B R A ARG, b T G 9 S B A e S R R R A i
FSD AEBE IR A 5 B SRR RN S B AR B0 T L R SFSD AR % X AE 8 HRIMIL NI, SFSD
35 M 3 R P T Bl 2 R T AR B X S — S D B R RGP R (A IR A DG, AR R T G S
T e ASD H1 IL A= B53 3l, 1Mi on [C s 155 B 477 SFSD il FSD A= B3 31, 3% 54000 FVRF S5 b 2 Y d 8 £ 470
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BIENHHEA S A T S U E B TR A 2020 i S A AR A T B AR T R AR A XA A R,
/NS TR 43 A ) VD AR TR PR | 25U 8 0 43 A 1) T SR N 5 DR 52 5 /N B e HY A 341 A 1)
TFEA R, SRR EE R R E A F W H 4 B AR LB R A4 A W 1) T2 A A\ . Stapp 251
5 9% FE RS R 22 N R b B 5 & B0, A 5 W20 5 b A 35 A U AT PR R A 2 s &2 145 R b =
R 6 Sh R R — ek WLRD S R 56 R UM OG L (EfE R R S R A X, SR AR fE R m Y
TEBIFGE A B, AR T B B AR VD e 06 8y, B AR VD B T XU () A 5t 3 XU, AR 8 X A B Y
VeI 7 S A B R A O T R A S - A LA A R B DA G Liu 2600 7 2 T0] v i A AF
FERIN, VPP AREAR T AR W I R L 3l % R v T UE AR R Ty v s v HE b REEE R o [ 955 HE R H
T AR G A H A R U TR S B R, BRI R, U Bl U e B (DA b L K T S AR e R R A
F,EAE ARG, 0T AR & s i B A It 300 Fr B e Al 0 b DR 425 8 5 7 ikl g 3 3K JiF 512
T LY B RN — Ll R T AR AT A R, A, TR Eh T e DA AR AR | 3 A R i I
T E AR R R T EE Y,

VAL A ASD (1L SFSD H1 FSD 3% BEPE 41 I B AN Rl AFAE AR 52,8 H 4 Fh A gl >
[F1] 3t 3% B RUBREV 22 A8/ SIMPER 43 M4 5680 ,5 A ASD AE8E 5 1L B R S M R R T e
55 SFSD il FSD A:5%, AW 5w FCR V5 FE ORI ER B2 7 TR 2 E B AR B R B 10 T R ) A 55 0] M
FH AR 225, 8 H 4 R EBE R W A4S 5 ARSI, N ASD F] FSD A= 35 b 3¢ WY HURE 91 4]
B K (HAA FEAR T 5 T SR, RBEEET H U R SR AR TR R A E A e T 4 Fib
A S 3 Y HORETE AR L ARG R B, TV R PR A T TR S IR A AT A B R AR S P R
G R B FZNG Sh, TRAKZES FRLAAE RS R 16 sh B R i 0 HOR I S R B R
VORI R A AE A RITE A UD 3 - (BFAMILER ) | 1 KB B8 H ORI 2R 8 H 114358 sl e 45 0 45 A4 0 1 s B K %
XS TA TR BRI FE >R A 5T i AN AR /N AR ) Xt R A - S AR 85 A A g i 97 A AR
[F], e B 5 HY o TG 155 4 K AL 4DUD H R L U 4 #E SFSD Ml FSD A= 5%, B AT A A s 0 25 3 8 AN
AR 3 PG S TR T 45 e AL AE FORE L Bt R B ASD A IL AR BRIV S, HoR A R 4 S5 e R el ] ) e
ANRYFR AR FSD AT B0, 3% -5 T X i A AR A SE T AR HE R A AR R T Lk 3 R
SR FE R0 B b, DA s B A S A X e AT AR 2 KRB A R R R R R A A B A A
B NS R R RO AR A B A et A RN 0 L AR A B R (i 4 - SRS R B R 1Y
A BTG B, AN P R S SRR M X Sk A D AR X T BE S AT TR B AR B AN Y R
AU B sh W AR BB A4 TN RRAE 52 R 1 ) e ek A2 3t R A9 MR 1, Schirmel 252 B 5T 2 AL R
BRI NBE coastal heathland Ff V4 Ak 52 ) ] B 4177 38 O, 3 -5 56 40025 FRE X0 5 £ g 17 (9 F 9 285 SR
AT, B2 0 H RS e H % S AR AE B 0 2 AR 5 5 ] R Y A b Ak f o 1 4 8 ) BURR, MR
KANARFEGEE T AT E A i AR

Hb B B 12 AMAE N AR i HE P A5 R B VDT Ab e i R A Al X b e R A3 A 5
K38 355 B R 20 A A 52 i AU R e R 38 9 38 B 3k 5 i 56 T N T [ VD AR e DX b 2 Y ol
SRR 45 R —3"  pRDA HEFPAE SR I MER 35 8 AR 2R |+ HERL D A HLAR 5 2 5 i M 5%
L MO () R BEIREE IR, 3 5 28 T4 45 HE i oy AR PR oy R VDR 2 S Y A T B T I R L Y I 5
ST, M\ FSD # ASD A:5E R TG B REARYIFN A B | R R R DR & BRI, X ks T - e
PRI )G URAG FE RS AR IR B0 T b e F R v T ADLE FORE L LT B0 9 R I R T R AR i — 2
AR [ i 55 R RS [ S V88 1 4% v /)N IR b 2 FR A oo ) 2 R B I , 3% 5 BOAS R P A A B A 5 2 R
HFEE LA AN, AN FSD F| ASD A:5% , Mg H U 16 s % AN 5 B AR i b 2 8 B SR A A OG5 1 4
A HURR A e L S R G, X S I 4R AR B i o R I RV B RO B ST A RN, R A A R
& BE RN 22 REVE R RO 5 26 T 3 IR A OG 3K 5 2 T AR Y A 8 vy R B R VD A 9 4 A
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VO 25 AR AR e D F P A5 2 Bt AT B0, A () 2 P o o A 5 T 38 PR3 2 41 14 o 3
BN, EATHGE T AR B Bedt 2 IR B SRAR A5 . e RO T T ARl R S BE B8 PRI H R 1A 2
SRR LIRS AR ARSI, EATTAT LU T8 FSD AESG A M W s B dUn] DU T4 7R SFSD A% | 1
PR ST ] U 678 TL AR5 0025 FRL AN G2 FP R R e oo /b8 A 9K 2l A AR 0 S 358 72 A A2 Al i 1
FJURR, AT AT AR 7R AR BE R A 3 S R 06 T BTV B B 9T 5 sk ORTA A S 2R IE Rk oRyR P A
TRIIWTFEARAIL . AN, FATIFTE b e B R S8 388 T2 J sh v o K e ) A1 i F) L R0 | 4 SR 170 5 4
FELR o 1 i 2 S BIOHC T 302 B R AU, ik 55 LB AFURIG TSR AT 062 R s 3 P I i o op — LB 94
UL HURLRI G F R RS AT V5 A 3R S0 AR i A SRR SRR, ATl LA T M0 S AR [ Y e XA R A
XS RS i VD AR

4 #Hig

Tie T LI 1 AT KR [ VDR X sh Vb = (ASD ) | Fe (R H (1) 2 [ V0 e (SFSD) A 72 ¥ . (FSD)
Fa BT BEAR VD AR B E AR AR 55 B K 2 5 A B P Ak S 5 i o VU A R g B AN, AN ) A
e R W IR S5 B AR R T AEEZE AR SR, 5 H ASD 5 IL SFSD il FSD A= 3455 Hb 3% B HORE 78 A S0 R
26.7% \57.5% 1 57.7% , 7= & W @ | o DG 5 FF ORI [ 58 88 1 45 B s R ik T ASD 5 HU A AE 15 Y v =2 ]
25519 95.4%—99.2% ;8 H ASD 5 3 Fp AL I 2 [A] Y HOBE v 09 AH SR 23.9% (37.3% 1 41.5% , R EEH & . %
BEEEHRTH N VT /2 52 46 W B AP BTk T ASD 5 H At AR 355 B dOBE VA 2 0] 22 519 86.1%—90.3% ., 5 A1 8 A
SFSD Af 34 3¢ B vl 3 1 W 38 v T2 18,8 ) FSD A= B bb 36 F bt SRR MR8 8 b 25 i T HiAth 2R 385 #F
LRI, AR /N B e oy g e AR N [R] 5 H SFSD Al FSD A= 3585 R AU Y 3% 5 286 i W 2 7 T ASD I
TLA4E5%,8 H FSD A:hg KA HUih s B i 3 T b A= 355 ;5 A Fn 8 H SFSD Az s vh RUHT dLTE sl % B 1 35
FHAAESS ; /N B3R % BEAAE 8 H & B FSD AEBE 3 T ASD Al IL A8,

M ZR SR RN - R EE K719 RDA S3Hr 4 SR 3R W 12 A AF B A0 - SRR X 1 e 1T 49.8% (1) b 3R
P By s S O R W IR AR T P BRI R 0 16.3% , TSI MR T W R BEIS S S 4.2% , A BN
TSP A A AR T W RIS S S 29.3% , pRDA JM ATt R A R w R MR LA
ML B B AR &5 B2 i s 3 Y e 2 A 1) R BEIRBE T AT RE T 43.7% (W b e H O EvE A8 5 . MER 55
JEE RN R AR Y b = SR 5 ) s 3 Y RV AR AR Y S IR [N 1, B VDAL R 38 0, HE A 35 B RN AR )
P B BRI AR B T b e R A b = B B R 2 AR MR IR B R, ILAh B9 30 & IRVD BE Ak i A — 2
i 9 FP H o) A e ke SRR BT e 1 U, AT A R s AR BEARAE, ROBEEE ST I m B AR R
VTR AT DL TR FSD AEBE, 75 s B B s v] LA 4640 SFSD A= 855, 1§ [ 58 8 1 0] LU FHE 7w IL K&
ASD AENE, Bz b B HUREVE R S B ORI AR Tk i 1 AR, LRV 45 S I AR 2 B 4% B ARk T
DL 46 78 KRR VA X VAL
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