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Relationships between ground beetle community distribution and microhabitats in

an arid desert shrubland of the middle Heihe River basin
LIU Jiliang, LI Fengrui”, LIU Qijun, NIU Ruixue

Linze Inland River Basin Research Station, Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou
730000, China

Abstract: Ground beetles are one of the important components of dry desert ecosystems and play a key role in maintaining
desert ecosystem structure and functioning. As yet, fewer studies have investigated the effects of abiotic factors on ground
beetle community distribution in inland arid desert ecosystems, northwest China. Using the data set obtained on ground
beetle communities and abiotic factors ( soil texture, surface temperature, subsurface temperature and soil moisture) of
three microhabitats ( Reaumuria soongorica shrubs, Nitraria sphaerocarpa shrubs and inter-shrub bare ground) in three
sampling periods ( spring, summer and autumn) in a typical desert shrubland of the middle Heihe River basin, multiple
regression analysis, RDA method were used to examine the relationships between beetle community distribution and
microhabitat’s abiotic factors. Multiple regression analyses show that the beetle distribution was significantly affected by
coarse sand, medium & fine sand, and silt & clay contents of the soil, which accounted for 21% of the variation in beetle
abundance. RDA analyses show that the beetle distribution was significantly affected by coarse sand and medium & fine
sand contents of the soil, surface and subsurface (10 cm depth) temperatures in spring, which accounted for 34.3% of the
variation in beetle abundance. However, coarse sand and medium & fine sand contents of the soil were the most important
factors shaping the spatial distribution of beetle community in summer whereas soil coarse sand content and soil moisture

content were the main factors influencing the spatial distribution of beetle community in autumn, which accounted for
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18.8% and 17.1% of the variation in beetle abundances, respectively. Furthermore, Pearson correlation analyses show
that different beetle populations responded differentially to variations in abiotic factors of the microhabitats investigated. We
conclude that abiotic factors of the microhabitats play key roles in determining the distribution patterns of desert beetle

communities but their effects on beetle distribution are found to be season specific and species specific.

Key Words: arid desert shrublands; shrub patches; microhabitat; ground beetle community; ordination analysis
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T H R TR VS R AR H B R TR i i T TR AR o R (39°20°N, 100°08'E) |, Ak B2 P35 AR yD I Fh 3K 4R 4
SACAL I AT S BE TR, b 530, M3k = B 1350m,, 1% X IR ML BY R KB TR IR SR, B FE T B,
REK EBALET 8.9 553 M, ZETFHREKE 117. 1 mm , FHSIET.6 C,FHZERE 2 390 mm, THEH
165d") Mo R JRARE - , IR O S IUZD AP BR AR sh B, A KB AR A MR AR o L3R4S B
0—20cm HIEE M FEHAE R Z . pHH 7.86 1. 07, L AT (1.43 £0.21) g/em’, LAWK G B
(0.12£0.04) % , +3E S A SE(0.01 £0.01)% , BHESE(0.08 £0.01)% (SF¥MH « frifEE) . SFHHT
KA 11.8m™*

AT IR ME R, B35 (15.7 £0.02) % . FEIEHILHAME AL (Reaumuria soongorica) FI
Y3 ( Nitraria sphaerocarpa) , 3£ A/ B ¥k ( Salsola passerina) | LT RS AT WL FhBERS BEAY 531 J9 (16,1 =
3.1)BR/100m* F1 (3.4 £0.4) #/100m’ , BEAZHEHE/D(EE <5% ) , LA L4414 (Allium mongolicum ) Fl
W82 E F ( Zygophyllum mucronatum) 2 3, Bk ZE DA 1 4E 4= £ 4= B ( Halogeton glomeratus) F1 85 5 ( Artemisia
scoparia) N F .
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EARECR S AT R SRR R . R Pearson ML T A FIZE15 44~ H HUFl
TR AT R T WAL . SEitar TR A SPSS 17. 0 #4058 il

F1 IR GEEREMABERIMGR R E T
Table 1 Characteristics of microhabitats in shrub patches and bare ground in an arid desert ecosystem

i1 e A aBHMA Wt
R. soongorica shrubs N. sphaerocarpa shrubs Bare ground
VEARASME Shrub characteristics
bl 4% Shrub diameter/cm 166.03 £12.93 61.00 +4.43
YEAR R Shrub height/cm 41.6 +3.11 27.77 £2.27
WEA KT Shrub volume/m® 1.43 £0.18 0.12 +£0.01
T B2 4 E. Microhabitat characteristics
H#b & & Coarse sand content/% 5.37+1.13b 7.06 +0.4ab 10.84 +1.51a
h 4i7h 2 Medium & fine sand content/% 91.44 +1.22a 89.65 +0.52ab 86.07 £1.51b
ik & Silt & clay content/% 2.96 +£0.28 2.95+0.33 2.76 £0.31
H 1A H #735 Surface temperature/C
#Z= Spring 43.42 £1.04b 35.67 +0.86¢ 54.13 £0.19a
EZ Summer 39.79 £4.16 47.09 +1.04 48.25 +0.76
#*Z Autumn 34.13+1.73 30.66 +0.89 34.42 +0.86
H#i T H #735 Subsurface temperature/°C
#£Z= Spring 21.88 +0.28b 22.1+0.28b 24.63 £0.24a
EZ Summer 31.06 £0.29 31.23+0.28 31.36 +0.37
#ZE Autumn 16.04 +0.32 15.98 £0.22 16.69 +£0.32
0—20cm + 357K & Soil moisture/ C
#£Z= Spring 0.005 +0.002¢ 0.012 £0.001a 0.009 +0.001b
EZ Summer 0.41 £0.04 0.47 £0.05 0.42 £0.04
#ZE Autumn 4.42 +0.23b 5.18 £0.26a 4.2 +0.27b

AR FERR 3 MR 2R BE(P < 0.05)

2 #R

3 ANRA IR R 6925 3K, /3B T HRL(89.9% ) ZHRH(9.2% ) ZHFH(0.42% ) M e
FH0.43% ) o HBHBILEAIET D HAREER B 6232 Sk, RIS X e BEHE A b A R VS I AL E R
H(K2). BT HFMAKEHBHN T R EEE DA 5 3 A REH P RS RER 62.2% ,26.5 Fl
11.3% , HEMEZLRHFEMNT (1276 F1 758 k) FHLERIFEN T (2131 F 911 3K) KH BAMEEE R B
= THEDARIRR 3t (899 1 163 %) s RKZRLLAMHEIA T (304 k) FIE [ #R 4 (327 k) I H L MAK B R B E R
THIERFELNT (156 %) o

Xt gt CHLED & B L PP 240D & BRDR B R 35 ) 5 R MA SR I o0 B W 45 SRR B, 3
Je st 5 R BORAAAE BEAR M (n =48, R® =0.21, P <0.05) f#RET 21% W BETEBUR RS . X
Z R FMKZER R AR S/ T B SR A LS K B R ZInE T8 R R, B/
T HERM RS K ESF RBEREZE BEMRE(R = 48, R =0.32, P<0.05) 3 MHEFMBET 32%
R R RO AL R, E AT 3 AT S B HE B E KR (n =48, R =0.03, R* =0.08,P >
0.05),

Xt 2 A PR 20 A X BR85 FR 0 7 ) RDA 2336 B, 600 W1 HE 7 AR e 17 34. 3% YW b AR 5 LA %
98% KRR FIFRGE R R MEHE AT, HEFF G5 RBUF AR AT T TMRSE IR 3 B B AR IR o 5 —HERP il 2
ZRR T LS E (R = -0.497, P <0.05) . 4Ieb& & (R =0.451, P <0.05) fihii H #7i8 (R =
-0.393, P <0.05) A T HIF@E(R = -0.401, P <0.05)4 /4~ FXF H RAPRET A BOSE I , R LLRDHE DA AN
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®2 FEAEHREBEIMENBE/BESR)
Table 2 Abundances (Ind/trap) of individual species of the beetle communities captured in the three censuses
#Zs Spring EZ Summer #*Z Autumn
Fift EAN L DN HOHTRIHE DA Bl AR LN HOHTRIHE DA Bl AR LN HXRIEA AR
Species R. soongorica N. sphaerocarpa Bare R. soongorica N. sphaerocarpa Bare R. soongorica N. sphaerocarpa  Bare
shrubs shrubs ground shrubs shrubs ground shrubs shrubs ground

S1 73 42 56 14 20 8 56 23 25
S2 1 11 1 0 0 0 0 0 0

S3 106 339 79 31 45 5 0 0 1

S4 25 63 18 47 78 41 11 3 0

S5 121 143 141 3 3 0 0 0 0

S6 322 727 247 23 35 7 5 11 11

S7 609 803 343 638 693 102 9 9 5

S8 15 3 12 0 0 0 0 0

S9 0 0 0 1 36 0 57 271 261
S10 4 0 2 0 0 0 0 0
S11 0 0 0 0 0 0 0 0
S12 0 0 0 1 0 0 14 10 1
S13 0 0 0 0 1 0 1 0 0
S14 0 0 0 0 0 0 1 0 0

S1. XBEEEH Blaps gobinesis; S2: i K 56 ¥ F Mantichorula semenowi; S3 ;2 & & H Sternoplax ( Sternotrigon) setosa setosa; S4: HHAEHR H
Cyphogenia ( Cyphogenia) chinensis; S5 : 3¢ [ B! Pterocoma ( MongoloPterocoma) reitteri; S6: /INiH Z< ¥ ! Anatolica amoenula; S7; i /)N 8§ H
Microdera ( Dordanea) elegans; S8 ; TG K k3648, Lethrus apterus; S9: Hjff 15 J& & Deracanthus potanini; S10: %2 B} sp. 1 Curculionidae sp. 1;
S11: R H B} sp.2 Curculionidae sp.2; S12; KAEH & Carabus sp. ; S13 . 5% H 8 sp. 1 Cymindis sp. 1; S14:2E5G A H )& sp. 2 Cymindis sp.2

WHRVEN SRS I, B Hr R 2
fERET HIEEKE(R=-0.494, P <0.05) FlthE H
YRR (R =0.327, P <0.05) X} B A HF 70 A0 FIR2 00, B
Vo LTRDE A5 96 60 550 VEE DA TN A (B 4 3, 2 A A 3 7 I
(B 1), Pearson R HTEEREKMN, ZEIEF MG
SFEZ LAY PSR AR B T R
FERIFE IR ; Hr B 5 3h R B Z T H IR M
/INER 7R R i B R RO A AR & B DL
T L T T PRS2 e 5 /1N R 1409 B 2 2 il T I
FIREE R (6 AR FxF REEEEH (R TE T 3
FE I B RO Sk 25 & fa s i R A/ (R 3) 6

Xof B 25 F R 3 A X BREE I I B ) RDA 434
R, RERIHAHE T MR T 89. 8% My Fh 5 3R 5%
RAMBARA 5, HETH N HEF S U BT 18.8% 1)
YIRS HEFm 1 FEMBE T HIEMD (R =
0.391, P<0.05) fisf AP &S & (R = -0.367, P<
0.05) X} FF s iE sh s e, W HE P 5 2 5 A SRR
FHEMEREUD , U LR & B 400 & B R
BEP MBS AN EERF(E2) . FfE, AFEFZE
B R R R T R R [F] o Bian, S RE EE R A T 3
FEZ T EHAD RN T RENG SN, 2B RE
P 3h B A7 A D b 4 D B DA Rl T TR
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Fig. 1 The RDA ordination diagram of beetle community with
abiotic factors of microhabitats in spring
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MLEE TR s R 8 R 995 3 3 232 T HERL DA Hh 200 & B R0 s O YR T 30 3% SR BDRL IR i 5
/N ZR I 3 2 RO A B R, /N SR R E R S 3% 6 AN T R B/
(%3).

£3 FARAZEHHRMIEESRIFEETH Pearson 18X £

Table 3 Pearson correlation coefficients of individuals captured with abiotic factors of microhabitats among the three censuses

e ﬂ: H EP%IHE’/" *ﬁﬂ%ﬁ M H i T H i%ﬁ?]iﬁ
Time Species Coarse Medium & Silt & Surface Subsurface S.011
sand fine sand clay temperature temperature moisture
%2 Spring S1 -0.115 0.105 0.031 -0.039 -0.159 0.198
2 0.039 -0.021 -0.025 -0.102 -0.248 -0.233
S3 -0.398 ** 0.303* 0.297* -0.255 -0.322* -0.221
sS4 -0.136 0.100 0.146 -0.221 -0.340* 0.059
S5 -0.166 0.204 -0.187 0.177 -0.014 -0.266
S6 -0.421%** 0.382** 0.083 -0.341" -0.371%* -0.209
S7 -0.289 0.253 0.109 -0.493** -0.413** 0.016
S8 0.029 0.014 -0.031 0.014 -0.030 0.220
E Z& Summer S1 -0.607 ** 0.579 ** -0.056 0.214 -0.378** -0.343*%
S3 -0.459** 0.451** -0.014 -0.015 -0.290°* -0.148
sS4 -0.318" 0.291* 0.072 -0.145 -0.277 -0.110
S5 -0.022 -0.054 0.269 -0.032 -0.202 -0.129
S6 -0.303* 0.229 0.263 -0.226 -0.002 0.031
S7 -0.193 0.178 0.113 -0.004 -0.060 0.073
S9 -0.530*" 0.528** -0.077 0.030 -0.241 -0.084
S12 -0.034 0.109 -0.288* -0.046 -0.096 -0.146
#Z Autumn S1 -0.356* 0.349* -0.051 0.088 -0.288"* 0.340*
S3 -0.122 0.128 -0.047 0.063 -0.055 -0.301*
4 -0.061 0.037 0.125 0.013 -0.037 -0.083
S6 0.156 -0.175 0.035 0.023 -0.062 -0.219
S7 -0.017 0.066 -0.181 0.354* 0.305* -0.070
S9 -0.025 -0.012 0.038 0.227 -0.045 -0.062
S12 -0.176 0.195 -0.110 0.181 -0.031 0.257

YiFhgis iz 2; ** P<0.01, *P<0.05
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B A s, HEP il 2 R T LA (R =0.3923, P <0.05) (A4 (R = -0.392, P <0.05)F1
THHRE(R = -0.391, P <0.05)%f H Bt 434 520 (&) 3) o Pearson AHIC /TR B, BEEE R 1E 3 32232
FHAD P 4URD& B AL T IR BE RS, G0 /NS R )Y B R B A b T R T IR BE I RZ IR, T 6 SRR 2 B TR
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3 itig

AR (0 B H A A e SRR o i SR 5 R B T DA B Y SR BV A A S R 5 A B AR A B
HFHRR R HETRRE, AR ZITEIESH A3, B R BESE SMAERN LIEHD S & .
AR & BB A B AR R E WA, X 3 MEFMBET 21% MF REEHED S, UL g k2
SR B BV A (9 B2 — . Krasnov il Shenbrot™ 7E A{6,51] Negev Jit 188 FUBF5T 45 R % B, + 3%
IR (N L BR L) R R BES B A A R EEZmE 7, A XHRER S ZHIE,3 MU
A2 R R B R A . — W BB AR , T HE AT LA GE A R e AR Y X R
b AT 5, A B R B T X AT 28 18] A A A R 7 A TR 2 5% il Stapp ') 78I 38 Hh R AR B B R
3 MRt PR ) BT MNETT AR A 4 AR B b O F BRI EE
HIBFR R FR I, LI T B R a8 R, MRES N B R B AE R A B, T MARER B B

hitp : //www. ecologica. cn



234 Xgkze 45 SR PR A BE BT B R AR A S AR SRR 6395

1.0 A
SC
1.0 [m} (f 5
- A
L W . < E}' o o
o
o " ke s ;0
[e] S4 S3
~ o g$13>< x Agxo oo
E S11
o < o 5 a 59
5 S7
% o o s °
ko)
© %1 “XSET
- N
o
SMCOMFS
-0.6
-1.0
1 1
Axis 1 -1.0 s | 1.0
B2 BFRAREIHSMERETH RDA SHTHFE B3 BERHBENHSMESEE T RDA 547 H S E
Fig. 2 The RDA ordination diagram of beetle community with Fig. 3 The RDA ordination diagram of beetle community with
abiotic factors of microhabitats in summer abiotic factors of microhabitats in autumn
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