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Species diversity of carabid beetles in desert-steppe in Yanchi of Ningxia, China
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Abstract; Little is known about how desert-steppe systems contribute to the conservation of functionally important insect
groups, including carabid beetles. Carabids are frequently used in terrestrial ecology on account of their well-known
autecology , wide distribution, sensitivity to environmental changes. Many ecological studies have used diversity indices to
assess the impact of environmental disturbance. In particular, ground beetles have been advocated as a good group for
assessing disturbance. The aim of this study was to evaluate the influence of desert-steppe structure and type on carabid
biodiversity. Habitat distribution and seasonal occurrence of carabid beetles were determined using pitfall traps from March
to October in 2009 in a desert-steppe in Sidunzi of Yanchi, Ningxia, Northwestern China. Six transects differing in the
vegetation and disturbance were selected so as to represent three habitat types: minimal disturbance ( Stipa bungeana
grassland) , moderately-disturbed ( Caragana microphylla shrubs grassland with Artemisia blepharolepis and Clycyrrhiza
uralensis, fence grazing dominated by Caragana microphylla and Cynanchum komarovii) and severely-disturbed desert-
steppe (Agropyron mongolicum grassland and mixed plantation with Artemisia scoparia and Clycyrrhiza uralensis). During
the field research, a total of 1318 carabid beetles were collected, belonging to 15 species and 9 genera. Of these beetles,
four species dominated, i. e. Pterostichus gebleri, Pseudotaphoxnus mongolicus, Harpalus salinus and Pseudotaphoxenus

brevipennis accounting for 33.08% , 19.73% , 15.94% and 8.04% of the total, respectively. Shannon diversity, species
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abundance, and evenness were significantly higher in the three transects of the moderately-disturbed desert-steppe than in
the three other transects of the minimaly and severely-disturbed desert-steppes. Based on species composition and
abundance, cluster analysis grouped carabid beetles according to the level of habitat disturbance. The carabid assemblage in
Caragana microphylla shrubs was more similar to that of grassland with Artemisia blepharolepis and Clycyrrhiza uralensis and
fence grazing dominated by Caragana microphylla and Cynanchum komarovii, that of Agropyron mongolicum grassland was
similar to that of mixed plantation with Artemisia scoparia and Clycyrrhiza uralensis. Monthly catch of carabid abundance
reached a peak in August, with monthly variation in species recorded between transects. Prerostichus gebleri peaked in
August, Harpalus salinus in August and September, Pseudotaphoxenus brevipennis in May and August, Pseudotaphoxnus
mongolicus from July to October. Canonical correspondence analysis ( CCA) explained 100% of the correlation between
species and five environmental variables, suggesting that the occurrence of many species was related to changes in ecological
conditions. Among the five factors, the soil water content, the plant biomass and plant density were the major factors
affecting on the composition and spatial distribution of carabid beetles in the desert steppe. According to the correlation
analysis, we also found that some environmental characteristics, i. e. , soil water content, plant biomass and plant density,
significantly affected species composition and abundances. Additionally, soil water content was negatively correlated to
Shannon diversity and evenness, and positively correlated to Simpson’s dominance. Based on these results, we conclude
that the appropriate pressure of human disturbance has significantly contributed to the reestablishment and maintenance of

the diversity of carabid in the studied area.

Key Words: desert steppe; carabid beetle; biodiversity; environmental variables; CCA
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Table 1 The study vegetation landscape

2% Disturbance type FEHF Sample transects FE B 4T The vegetation character

AT FF Bl 1 5 4R 55 B R AR, B A R
TR EL 5 A KA Stipa bungeana . oy Lespedez adavurica , H AR 5% oy %
Minimal-disturbed desert-steppe Stipa bungeana grassland Peganum nigellastrum R B3 F 5 Cleistogenes squarrosa % , 5

FERIEEEN Vem, 5HIEL N 58% ,

YETE 2a J5 B LAY REAAE Ay | DO A TR A A, 2%
AT AP B Sl vk A T 5871 VKB Agropyron mongolicum 2 KL ¥ AL fH
Severely-disturbed desert-steppe Agropyron mongolicum grassland Incarvillea sinensis ffi % Leymus secalinus & OH R

2 24em, 55 FELIH 74%

C H1E S AR

Mixed plantation with Artemisia scoparia

¥y %% Caragana microphylla 17 [E1#E %Y 10m , ] FE2 [A] Ff ki &
1 BV R, B AR 1—2 3K,

and Clycyrrhiza uralensis

6—8a N TR HE A 55, #7 & ATIAIE 2 4m , ¥R [A]EE 2 60cm
EERRRZY 1. Im, PRI 1. 2m A7 5547 ) A AT
H Neopallasia pectinata J% 5 Artemisia blepharolepis 2
F BIRBEIVIELE Heteropappus altaicus 55 A Y) , B 7547
B FEAAE 1) 55 FE 2 58%

T SR B I B F R AL, AR WA B R
Clycyrrhiza uralensis di U, ALY A £ IRk Cynanchum
komarovii AHCT PI/RZE M EAL T R FRARE R G EY
2lem, 5 E 4 65% .

B E RS T LB, B 2 45 8 S A TR A
Bk R AF, MW B R &L % R 3k Cynanchum
komarovii AFALT B B H, B AE Y W5 2920 40% —
65% ,

PP BEELJ D Fra&i
Moderately-disturbed desert-steppe  Caragana microphylla shrubs

E $ B HE A RIR AL
Grassland with Artemisia blepharolepis and

Clycyrrhiza uralensis

F RO
Fence grazing dominated by Caragana
microphylla and Cynanchum komarovii
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mongolicus 235 W Harpalus salinus T ANZEL W Pseudotaphoxnus mongolicus B/ AK R 4351 b AN A R4k
(1) 33.08% .19.73% \15.94% 1 8.04% , WS SASERE . B2 P W Harpalus pallidipennis 75 i
H Dolichus halensis #3250 W Harpalus calceatus BN Cymindis binotata W Corsyra fusula M
WA, HAR 6 FOFRA T, S A Ec 5 RER AR R LB 2.629%

AR BT A0 R REI&  DL AR RN R WA B A TR] e A (B A C 20 BT DL HETE B AL 3 o B
FOBZALH R E R F AR EEHERE B L2 5t T BE D W R D AL HEAE B AL AR AP

F2 AEXBREERS AHYFHARMREE %
Table 2  Species and individuals of Carabidae in different desert steppe/ %

FEHRET H 152570 Habitats type

BALRETIES . it
Carabid speci Sciencetific name Total

arabid species abbreviation A B C D E ¥ ota
R Amara dux AmarDux 0. 00 0.47 0.00 0.59 2.00 5.88 0.68
BR2TRAPW Calosma maderae CaloMad 0. 00 0. 00 0.00 0. 00 1.00 4.41 0.31
KW Corsyra fusula CorsFus 1.51 2.33 2.59 14.12 6.00 0.00 3.95
WEEE T Cymindis binotata CymiBin 9.55 1.40 1.44 5.29 3.00 2.94 3.34
AT Cymindis daimio CymiDai 0.50 0.00 0. 00 0.59 0. 00 0.00 0.16
TR T Dolichus halensis DoliHal 3.02 6.05 3.46 8.24 3.00 1.47 4.71

fij 4% 2

gk Lo HarpAmp 0. 00 0.23 0. 86 0.00 0. 00 1.47 0.39
Harpalus amplicollis
ARLH HarpCal 0.50 3.26 7.20 2.35 4.00 2.94 3.79
Harpalus calceatus
o Ak
L H HarpCra 1.01 0.70 0.29 0.59 1. 00 5.88 0.92
Harpalus crates
AR
SRR e HarpPal 4.52 6.74 3.17 2.94 7.00 4.41 4.85
Harpalus pallidipennis
e
L . HarpSal 13.57 13.95 16. 14 25.29 18. 00 8.82 15.94
Harpalus salinus

HMhZEL
S . . PseuBre 7.04 2.56 6.34 14.71 17. 00 25.00 8.04
Pseudotaphoxenus brevipennis
s hFRL . PseuMon 21. 61 21.16 14.99 17. 65 26. 00 26. 47 19.73
Pseudotaphoxnus mongolicus

4421

Eﬁjﬁ(%j%ﬁﬁ . PterGeb 37.19 41. 63 43.52 7.65 12. 00 10. 29 33.08
Prerostichus gebleri

LS
Q’iu@é*ﬁﬁp ScarTer 0.00 0.23 0.29 0.00 0.00 0.00 0.16
Scarites terricola

MR & 199 430 347 170 104 68 1318

Total number of individuals

2.2 YR RSB
2.2.1  R[RIEEHR) AR Z R8T

ANFEIAE RIS R L RIS AR SRR AR 3 B 8 B8 80 D 35 R B E IR H 5 ¢ W3k 3, HEHL
A B Al C PRSAFE MG W Sl hZED W R4 WORI 3 O 2R 40 A R B0 SR 430 5 45 BETE 1Y
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33.08% .19.73% \15.94% F18.04% , LR ., MR 5] BERAR, 30 L FE 25053 A 76 i 165 55 b AT 40
(R -l T2 TP I b 9 20 TR L3 B I, 2R E R 3 R A

ANEREHL R H' 5 Margalef 5 FETE5U D(r=0.943, P =0.005) FIIAJE E(r=0.999, P <0.01) 245
FIEAR, B EAME, TR R E F M D RN 1w T HAbRE L, st A 4k
a7 B A% R AR B VR BT vl RE F 2 42 5 25 R B s O RV AT S S Y HY B, Simpson fG %
FEFREL C WAL 55 B E REBOHR , & B2 R E A (r= -0.886, P=0.019) .

£3 TRARREREBMPRLE SRR

Table 3 Comparison of diversity indices among different desert steppe

FEH SRS T EERED WSEE RFEE C

Sampling point Shannon-Wiener Margalef Evenness Simpson’s Dominance

A 1.7892 +0.09" 1.3095 +0.09¢ 0.7462 +0.05" 0.2208 +0.01"

B 1.7209 0. 05" 1.1431 £0.034 0.7177 £0.04" 0.2483 £0.02*

C 1.7448 +0.07" 1.1850 +0.03¢ 0.7276 +0.01> 0.2502 £0.01*

D 2.0524 +0. 07" 1.4846 +0. 06" 0.8260 +0. 03" 0.1536 +0.05°

E 2.1283 +0.1° 1.6451 0. 14" 0. 8565 +0. 05* 0.1483 +0.01°

F 2.0869 +0. 06" 1.8070 +0. 15° 0.8398 +0.01* 0.1639 +0.01°

# RPRERLAC T [RIFR 15 [RIAT 80 ) AN TR] b bR B R 7R 22 5% i3 (P <0.05)

2.2.2 BT T 0 5 10 15 20 25

L6 AN R Py 20 R b T R
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BRSO R 2D R - 3 25 E FT
F 5 AL, A 2Rk 303, — 3 S5 ke D B —3, B
FEHL E R F ARE B RRIE T AR P V5 2 R A AR
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U H A T BETE AL, BE Ml D 55 — 3% 7F — 2L f5 45 Fig. 1 The results of clustering analysis of carabid communities
TG 22 5 R B A C BBy —28 S Rk
3099 , R B RGE X A FEHLE Y A Wi i KRB AU BR 2, Al A 5 AR i B e
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2.3 FELHERE RIS

VLR R AR 5 W25 HAR SR 5 WS UEA T X 430, 43 B ik S5 HH R BE R 0 A 52 TG R, 4528 L
K2, MmN A28 SR 5 8 A AYIE BB, X 3 M 2R RS shi e 7E 8 A 52
WZEL B B AP B R D RIS AP H 5 9 10 A MEE BB , BT R 2L 9 10 A, KA H
5457 .6 AM7 AEERE, FEEPEX4DMH,

4 A B S R e AS TR RE H R A0 e ) R R — B0, WK 3, BB R Ao 8 A LR
M C > FEHL B > FEHL A, HABREH B/ 123 I AEREML A (C E A F (0 & W76 8 A 7ekEsh B Al D 19 %
WitEs A9 H i thsE L HAekE B KB S A8 A WA middh]  7erE i A F1 C £BN 7 .8 H ik,
TEREHD B F S ANTE 8 A ZEREHL D S 8 AR 9 H s 58t th3E 0 AERE L B rhiss A 7E 7—9 Ay, 8 A
DyWAR, 7EREHD A 9 10 Ay 7EREH D E S8 9 A0y 7eREH C 8 .9 Ay, fEkE L F 24T 2%

2.4 HIRFESHENFHLR
2.4.1  AS[REEHD P IREE R T-HEAE

2 4 TTLLE H H P FEYE Shannon-Wiener Z2AEPEFE SRR F AN B 288557, BEHL C 5eAI%, AS [R)AE Mo 7] 22

SR (F =8.06,P =0.0001) Kt F A1 B [MI22 AR E, —H 0558 C.D M E RIZEREE, NFEEE
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AR R 2 el i & (F =28.79,P =0.0001) , £ 4

Ho D HBCR RS , SR T 02 5 B3 R B obn
B B AR R R P Y S 2 R (F = ra
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(F=5.54,P=0.0005) FE#l C EHEA AR, RAE S S
OREMS E T F 21125 5% 35 g Ocoer
2.4.2 WA SIREIH TR CCA 437 2r Doiitar | HarPCl

He 6 AHERL 1S B4 S 5 IR 7 I 5E {H
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el 4w i P HE PR B R HE (R 2 500 0. 111 A110. 049, H4——) - . J

IRFEAREAE (0. 207 ) BY 53. 8% F177.7% ,15 9 Fh Dimension 1

E AN S e Yavard / Ay Ny

55 ARSI 1R 2 ) 02 B2 RS

%ﬁl%ljj 1.000 ) %%ﬁﬂ? Hgﬁgiﬁiﬁ%i‘mﬁ Iy%% ﬁlﬁ%t‘% 'ﬂ Fig. 2 Bi-plot of seasonal variables and the number of carabid
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z 2T mmbigasm 0T gewbigsm
g 10 Pseudotaphoxenus brevipennis g5 Pseudotaphoxenus mongolicus
&
& Ll
6
4
2L
) -

3 4 5 6 7 8 9 10 3
A4y Month

B3 BHERELTSH . FHHESH GRAMESRNEESRMMEENA BTN
Fig. 3 Monthly changes of individuals number of Pterostichus gebleri, Pseudotaphoxenus mongolicus, Pseudotaphoxenus brevipennis and
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HEF AR BRI 0 IS K i MG R %R
A —0.7787 ( permutation test, F =2.425 P =0.046) , X
TR HRON A Y A= =, i IEAH DG, M OC R H
0.4251, FTLLACHES 1 HEFflR —A LIS oK A2 4k
ST A OK E A IR ER 55 2 HEF SW
IR DGR R RS PR T Al ) A= Wk, ARG R BUHRIR
0. 8726,%ZIEPI‘H%,,E\YJ’(%II?FE?&%T‘E,ﬁﬁ*ﬁ%,*ﬁ%%
FHON -0.5522 e TR A o A R U )
A FFh A B2 55 2 HEP e — MY AR A
i, PRt - S8 EoK i AR A A ) R 2 B A
TR AR i E 252 K-, R Spearman FRAHIC & .
BT B H S KB 54 Shannon-Wiener Z£EPE 08 CymiDat
(r=-0.829,P=0.042) 5 (r=-0.733,P= 0 Axis 1 .
0.039) BF AR, SIHE L2 BF EMH K (r =0. 886,
E4 THYMHSREETFEH CCA HFE

P=0.019), Fig. 4 CCA two-dimensional ordination diagram of carabid

4 B, 1 15 Bl i GRS 2 W B2 peetle and environmental factors
A AR SRAR L BRI RO WD B A FEBE AR AR The meanings of environmental factors are the same as those in Table
ffﬂ}t':l,b;ﬁﬁ@ﬂ(]{jﬁ , ﬁgﬁp%ﬁ]ﬁﬁﬂﬂ E@ﬁ%ﬁﬁ: , MM 3. Species are the same as those in table 2
Lve Y R A B T 4o oS - R A ot L RTINS VA= |

HarpAmp
ScarTer
EarpCal

HarpPal CaloMad
&, PseulMon. A

R4 TREFM S NIREEFHNEECFYME £ briER)

Table 4 Five environmental factors of different plots ( Mean + SE)

I 5K F Environmental factors A B C D E F

THYBES Z 4% Shannon-Wiener

diversity index of plant community ( HP)

FE BB Plant density (DP)/(>/m?)  6.91 £0.90b  3.95+0.53d  6.08 +0.33bc 13.00 £0.68a  4.98 £0.57becd  4.67 +0. 54cd
HH W% 35 Plant coverage (CP)/% 40.60 £3.64bc 51.80 +4.66a 35.88 £2.33c 46.4 +3.34ab  45.5 £3.55abc  36.75 £3.06bc
FEAE YR Plant biomass (BP)/(g/m?)  66.92 +5.58c 222.16 +£19.84a253.62 +23.20a 58.02 +£4.63c 101.30 +8.63b 68.79 £6.61c
+ 45845 /K3 Soil water content( SW) /% 5.06 +0.30ab 4.70 +0.35ab 5.34 +0.34a 4.17 £0.27bc  3.68 £0.26¢c 3.69 +0.27¢

1.79 £0.05ab  2.05£0.10a 1.01 £0.10d 1.350 +0.18cd 1.55 +0.20bc 2.14 +0.20a

[T R LA [A]_Ebn BRoR 22 53 .25 (P < 0. 05)

x5 HFHMBTE MEESRERFHEIRY

Table 5 Eigenvalues for CCA axis and species-environment correlation

i H Ttem AX 1 AX 2 AX 3 AX 4
FRE{E Eigenvalues 0.111 0.049 0.027 0.010
Yyh 5 ER3E K 7 B9 AE S Species-environment correlations 1.000 1.000 1.000 1.000
ZIE 2 Cumulative percentage 53.8 7.7 90.8 95.6

®o6 HEETFSHFMEXRHY

Table 6 Correlation coefficients between CCA ordination axes and environmental factors

¥£35% [HF Environmental factors AX 1 AX 2 AX 3 AX 4
HP 0.4215 -0.3273 -0.6079 0.4386
DP -0.3153 -0.5522 0.4194 0.0046
Ccp -0.2725 -0.2661 0.134 0.8146
BP —-0.4251 0.8726 -0.1596 0.1398
SW -0.7787 0.3209 -0.3925 -0.367

)7 Bt (R [ AR 7 RER R 225 .3 (P <0..05)
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