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Abstract: Forty-five percent of darkling beetle species recorded in China occur in the northern arid and semi-arid areas.
Some ecological studies have suggested that tenebrionid beetles can be used as effective indicators of vegetation degradation
and soil desertification in desert ecosystems because they are well-adapted desert conditions. Large areas of artificial
shrubland have been established on China’s desert steppe, but little is known about how this shrubland influence ground-
dwelling arthropods. We studied the distribution of darkling beetles ( Coleoptera; Tenebrionidae ) across the ecotone

between man-made Caragana intermedia shrubland and natural desert steppe to evaluate the effects of desert vegetation
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restoration on ground-dwelling beetle assemblages in Northwestern China. Using pitfall traps, beetles were sampled along
five transects crossing the boundary between the artificial shrubland and natural desert steppe. The study was conducted from
June to October in 2012 in Yanchi, Ningxia, Northwestern China. A total of 1405 tenebrionid beetles were collected,
belonging to 13 species and 8 genera. Of these species, Microdera kraatzi and Blaps femoralis femoralis were the most
common, accounting for 32.74% and 43.27% of all individuals, respectively. Darkling beetles were divided into three
groups by habitat: (1) habitat generalists, which were numerous in all habitats, e.g., M. kraatzi and B. femoralis femoralis
(M. kraatzi was most abundant in sandy steppe, while B. femoralis femoralis occurred mostly in shrubland) ; (2) desert
steppe specialists, e.g., Platyope monglica and Scytosoma pygmaeum; and (3) shrub specialists, e.g., Blaps kirishenkoi,
Eumylada oberbergeri, Gonocephalum reticuluatum, and Crypticus rufipes. Species richness and Shannon-Wiener diversity
were higher at the boundary between shrubland and desert steppe than in either habitat, and abundance was greatest in
shrubland, declining towards the desert steppe. However, there were no statistically significant differences between these
three indices among the three habitats. Seasonal variation in Shannon-Wiener diversity in the desert steppe was similar to
that in shrubland. Activity density in the three habitats were shown with the similar seasonal changes. Analysis of the
intensity of edge effects showed positive effects at the edge. Canonical correspondence analysis ( CCA) suggested that
related species occupied similar habitats. Multiple linear regression showed that vegetation density was related to the activity
density of the dominant species, and the vegetation cover and height were important factors associated with beetle evenness
and richness indices. Principal coordinate analysis ( PCoA) showed that beetle assemblages at the ecotone between the
artificial Caragana shrubland and desert steppe showed no significant difference with those in the interior of the artificial
Caragana shrubland, suggesting that the community structure of darkling beetles at the ecotone was changing to resemble

the assemblages in shrubland.

Key Words: darkling beetles; edge effects; diversity; Caragana intermedia shrub-desert grassland ecotone
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Table 1 Species and individuals of Tenebrionidae in different transect

FE T i i PNERG- ST VN
SO RS S’—_iezniﬁtfc Desert grassland Ecotone Caragana shrub . HAM
- 5]
Tene.hrlomdae name A B cH D E 4 Fls G HAH L Total Perc:ntage
species abbreviation A transect B transect C transect D transect E transect F transect G transect H transect I transect (%)
(100 m) (75m) (50m) (25m) (Om) (25m) (50m) (75 m) (100 m)

SBLE . Plam 5 4 6 4 5 1 0 0 0 25 1.78
Platyope monglica

N

H‘_ &R . Mick 77 66 65 53 63 46 37 26 27 460 32.74
Microdera kraatzi

/NECEER

Scytosoma Seyp 17 21 21 16 10 5 2 2 0 94 6.69
pygmaeum

JINTIF 2R

DA Anaa 0 6 3 1 1 0 0 0 0 11 0.78

Anatolica amoenula

http ; //www.ecologica.cn



34 Wotas A N TR SRSt B A A S0 P B RS A1 5

JiAL AN ) it N TAY FHE
FAME Desert grassl. Ec ] ag sh
SO R %4% '»"f?ﬁ'—,v esert grassland cotone Caragana shrub o A
L Sciencetific a
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(100 m) (75m) (50m) (25m) (Om) (25m) (50m) (75 m) (100 m)
B EE
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Bl EE
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Crypticus rufipes
Mg AT
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Fig. 3 Quantitative distribution of dominant and common species of darkling beetles community in different transect
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Table 2 Comparison of diversity indices among different transect

H: 3% Habitate i i:frll%n—Wiencr diversit L el PEss
Activity density (AD) () ¥ Abundance (NS) Eveness (J) Dominance (C)
i 141.67+4.63" 1.30+0.13* 7.33+1.76" 0.69+0.04* 0.35+0.04*
Desert grassland
A2 4EHT Eecotone 156.67+9.97% 1.60+0.05* 11.67+0.33* 0.65+0.01* 0.29+0.01"
A
Fra 170.00+5.03¢ 1.33+0.07* 10.00+1.00* 0.58+0.01" 0.41+0.02%
Caragana shrub
* [R5 B ) A ) -1 3678 22 57 8.3 (P<0.05)
LT B B SO Vi 2H Bk Ja PR 1 32 Ak A HE T
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DT v /N &% Gy IR R 25 R 35 (F=15.069,df=4, P=0.0001) ,7E 7 A W52 ,10 A6
B fi,6 HAT9 HECRARY 250 EEH & T R AR % 22 5578 i 2 (F=10.065,df=4, P=0.0001) ,7£ 8 J
R Z 6 ARz, 10 A Ak,
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ST (A B C ) >ZCHEHT (D K F 77 ) W34, A0 2 B Ay 25 DA | 5 iy 381 e o b AR A1, A T A
WRIZE AR A B AR A S AR Iy S Al > T WS R >y SN AR M 22 A B 3, 1l
B v B AR A B AR I A T B R b > Ay AR DA S AT AN RN RE A () 25 7 W 35 (F=3.024 ,df=8, P=0.0244) ,

http ; //www.ecologica.cn



8 S % 36 &

2 16
5, 40 z 6
E= I S 14}
—“§ 35 %
= 30 % 1.2+
2 25 § L
9 1
< 20 f £
. g 08t
g O =
2 10 5 06r
i #H gyl
> e
0 . . . . R 02 . : : : !
6 7 8 9 10 6 7 8 9 10
1.0 7
] - SR
» 09 i A Rk
Z g h
El 5 5S¢t > FrEHEN
2 08 S
8] B 4L
2 <
& 0.7 + . = 3
q —— SR w3
06 + A ZEEE # 2l
0.5 : ' ' ' ' 1 ' ' ' s -
6 7 8 9 10 6 7 8 9 10
0.9 30 . ——i/NEEH Microdera kraatzi
il B FEPE R —a—{5EEH  Blaps femoralis femoralis
o 081 A AR 2 25t
g LN E|
E 07 | - FAHEN -E 20 L
£ o6} 5
5 : = 15tk
w05 | i
= R 10t
o4t 2
~ <_
03} St
0.2 L L L L ) 0 L L L L s
6 7 8 9 10 6 7 8 9 10
I ] Month fif ] Month

Es5 REEM ZEFMAISFEAMISRERENZE . SHEE MR FEENABEUARKBM A EHENRETL
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Table 3 Vegetation characteristics of different transect

T YIRETE 2R i R ik 2 Fr2&HEM Caragana shrub
FEH Shannon-Wiener diversity . R . -
) . Plant density Vegetation height ~ Plant coverage g o
Transect index of plant community . 5 . ZEFE Crown f=aiy
(DP,ind./m*) (VH,cm) (CP,%) . .
(HP) diameter( P, m) Height(H,m)
A5 A transect 1.18+0.29* 15.67+3.28" 24.77+2.67° 43.33+3.33%® — —
B B transect 1.14+0.14* 26.67+11.41% 23.21+0.87% 40+5.77% — —
C % C transect 1.08+0.25% 26.33+10.40 15.45£3.21° 35+7.64% — —
D4 D transect 0.73+0.25" 21.00+4.51" 17.25+2.07"  46.67+13.33 — —
E# E transect 1.20+0.06 @ 18.33+6.84" 17.79+2.03% 60+15.28 * — —
F 4 F transect 1.15+0.23 44.33+18.89 14.47+2.01¢ 30+11.55 2.50+0.10°* 1.53+0.09*
G G transect 1.28+0.09 61.67+9.82° 20.13+0.87% 40+10.00% 2.20+0.20° 1.27+0.17*
H# H transect 1.50+0.16* 46.00+16.09* 13.48+0.93¢ 26.67+6.67" 2.43+0.34* 1.50+0.25*
[ 4 1 transect 1.41+0.05% 36.67+4.84% 18.25+3.34% 23.33+3.33" 2.57+0.12° 1.53+0.12°

s [R5 B A AS ) 2 38R 25 57 B 35 (P<0.05)
DA 1 S FEA 0 R U AL AR 3 AT IO AR B R e 0 J A T B X R 43 #1 ( CCA) L Z5 SR LI 6
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I 4, Axis1 FIl Axis2 FORRAEME 4 514 0.163 F1 0.014, BEiFik 2| EERAE(E (0.183) 4 89.12% Hl 96.56% ; 5
Axisl R RIS R 56 250 —-0.7863 ( permutation test, F=4.491,P=0.008) , Jy Al , Hik Al
B TR, AT LIACH Axis & — MR a2 AR A, W2 i Tl R 3 P A BRI B 34, 5 Axis2 R &R
I R B SEAR B 55 B, A R ECH 0.6895 , Wizl Jy L9 56 B A Th s da g, DL v /N R o0 A T R = B
5 FE IE ARG, ST 22 FE 1 0 B 17 R OG5 25 1 EE W A0 A AR Wk 25 B8 T AF DG, S R o B LB 2 A
FEIEAISE, CCA HEFFERW E WA R T 9 ANEEHF R 13 A5 B W Bl BE A B A AE AR AR B 20 A . DAY SR HE A
RS BT R Axis] J7 I HES . 50T T /0N B ORI/ AR s 3 A R T SR T R b 5 /N R
AT EE B3 AL 1 DAL /N R R B S VA M 1A R UL BE B A AR E N — A5 s EE R R Blaps 1953
A5 AFR B E A H A FIRET T o R 1) A AT A — D S S T 43 A
oW (ETFIAHED) W A—CRElF A D—FRE O G TR
1.5

Blak
r Blam °
[ ]

..,::»m

Blafin
[

"4 CP

Hipih2 Axis 2

(]
Blad

-1.0

HoF a1 Axis 1

E6 TR FEHESHERTFH CCAHFE @M (HESER1), WA A—C#H, Ah D—F #H, OH G—I#H
Fig. 6 CCA two-dimensional ordination diagram of darkling beetles between plots and vegetation characteristics.

The meanings of environmental factors are the same as those in Table 4. Sciencetific name abbreviation of species are the same as those in Table 1.

x4 REETFEHFHEXRY

Table 4 Correlation coefficients between CCA ordination axes and vegetation characteristics

FA#EHFFAE Vegetation characteristics AX 1 AX 2
TP BEIS ZAEE Shannon-Wiener diversity index of plant community ( HP) -0.5574 -0.089
FEGE %S Plant density (DP) -0.7863 -0.4344
FEH S Vegetation height( VH) 0.5946 -0.278
MB35 % Plant coverage (CP) 0.4078 0.6895

XHUZE H B g 6 sh % B 2 REYE IS DL AR 5 3R 4 A B RRIE DR T 22 o0 (Rl I A 56 UL
5, R B SR R M DL TR B9 BE (1° = 0,635, F=12.152,P=0.01) TR E PRI 3R Al Bl i BE S22 4o 20 1 R ol
HAIRE (1 =0.529, F=7.856,P=0.026) e P 25 5 M8 B2 S M 440 Y Rt ) -F 5 B8 (12 = 0.565, F = 9.074,
P=0.02) , FEBRAEXTHE R ZRE A BB W RIE SR XL 3R v /N B RS 0 58 W ) [l 0 4
B 57, 0 S B e A % B (12 =0.584, F=9.835,P=0.016;1=0.689, F= 15.509, P=0.006) #&4E
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x5 HEUBTSHSREREDEE FEE . SHE HHERABEE RIS

Table 5 Regression analysis of vegetation characteristics and activity density, richness ,diversity, evenness and dominance e of darkling beetles

[A] )94 Regression model F /P

BB Activity density  AD=25.706+0.167DP 12.152 0.635/0.01

Y51 Evenness  J=0.569+0.005CP 7.856 0.529/0.026

F B Richness €=9.272-0.221VH 9.074 0.565/0.02

TN IR BB B Activity density of Microdera kraatzi MAD=16.229-0.182DP 9.835 0.584/0.016

Y EE W IR BB BE Activity density of Blaps femoralis femoralis BAD=3.181-0.313DP 15.509 0.689/0.006
3 itig

AT, AERET AT L, 10125 Y RS HURE v 19 S R AR B AR L 3 B O DA 2 T DA PR 8 52
BB R MR A S, AR BT IR B 35 22 5 (EL U D i AR N T [ V0 A 2R HE PN A ) T i g e 3
RS ARG W B B ALY X — 25 ORI A 1 TE AR A 28 RGBS AR — B2 e
ANBL R MR B B M 2R B (R BRI A A3 02 T R B S 0 TOUE” RO ARG T M 3R
PERIRIAE AR 25 5 0 F T E A DR R W], S A TS IR AR 10t 2 94 O B Rt e i 7
AT LA 2 R KB AR Jnt FR 5 (e MR R R O B R R v R R R e
VRO VA ] A TRR A P 85 1T DAy it 9 B I BRI 22 2 7 B A7 BT 1 e T LU A S VT Y
KR MR IR I RER MR 3 3 B A SR AR o AR SCRITSE s Ay A 0 A 5 T B s M 40020 T R e v 1) =R B2 A
PRBCE AT IR B 25 25 5, R REARIRT 25 DA RO AT IR BE AR AT 5%, A7 1) AR AT REAS 2 {ELE AR =8 2 A B2 3L/
ToEB R, T N AT ZRHE A RSB AT B S AR e T PR

MYIFOKSF R U Y R AN AT 2R HE AR 58 R M S B ) 3 Af R o 3 e | (4 h v /)N T
147 B8 i TS A R (E 8 0 B - 23 P S B T EL AT R A AR A A A L 3
FHIG, T/ INES YR A i) Y0 A= S B ER5E , 25 A E8 TR B 0 A A 1] T SR T R A OB R e SRR
(FPZRTELN ) 5 LRSI IR /) B B T A A i ) T A e 58 e i S B8 P B IR B WY (I T AR
ZLBRE I Y o0 A 0] 1) T 55 4 A7 2 HE DN e /N T SR B N B TR T AU FORE B 3 R R
(Pimeliinae ) , K EEH S HIEE A BLICH W R H 4 AR 206 B & T 0028 R 0028 1 T B
(Tenebrioninae ) , LA H , 0020 F1 2028 1A 28 5 5 A Z50E W AR 3 o RO HERS B B0 S P TE 24 BRI 16
JE LA AL B S T EAT AR A3 282 R i 22 53 ARSC CCA HEF B R AR 2482 E U5 W A 7
TS [ R RE AL, B T A RN AT SR RE NS BER  SS R A e AT E O0 , RTRE U] T e s
FEIE (g PRI AE A 2535 10 i Rl

ARSCEE RN AT 22 R XU BRI PR B e Rk A B WS, A R M D028
P B RV 9 10 S8 AR PR B | A i B R e B2 S S i 020 TR AV R S S0 E AR R B, TR
TR~ N AT 25 HE SRy AR RS ME X 40020 R B R v ) 2 R PR S MR 7 A 22 5o 7 LA 90 R 9 S
Y0 3t 2 FP O PR TS 0 SO — 2 2R PRI AL B A g e FY OB 2 1 B R e DA 24 50 BE 2 T T
FFAR—Z T R AN F SRR RS B 1)l e FURR AR DG

FEABRIIHT (PCoA ) HEFF BN AT 263 DA 15 M S 8l 10 % O 40020 TP B AR v 5 2 THE DA PN 119
V& AL WAk, (EAT 2R REDA P A SBL25 FRRE I TEAL T 5 e IR B i e A B e 3 i % 19 B (EOR T
1, Yl S A 2 2 10 52 1 AT G8ONAE T . — R B0 T  A358 120 % i 2 A1 8 B WOV ER 5 (L 456 A i A
FEYIPIDIT ), AT RE S ECA M A Z RN CA R T AR G i 3R Y A B SY, — BR BIE 3 K
I AT A TSRO AT I DR e PR o R T AR T A SR 2R TSR B TR R AR T
G ZARIE . AEABESEIX I, SR AO4UE R I 2R = B 3 T AR QB AR B, 15 () S L A 52 s M
IR R G5 A 2 — 20 L N AP AHE A DSR40 20 Y B i e R o 8 B A IR R 2
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REVEFRR I T BTl ey AR 3, JCH SR — 24D H S ) (8 o S i 4 T A 2R E AR B8 00 A, DE DI R ARLAT 2%
TEAEWZE S M A VDA RS | A AR THE DA ST o Mt S A D20 TR R HURR v T T 1) A AR P A AR 55 O
v LR

Brigt . A B s TS BT T IR AR R ZE D11 (0 SO 22 77 B R 1t B AR OB 2 1 5 I 22 SO BT X P A1
P A2 T R SR, B N S PRS2 46, 7t — I 25
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