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The relationship of ground spider and beetle assemblage with environmental

factors in the natural and artificial fixed-sand shrub forests
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Abstract; Land use change forced by artificial-fixed sandy vegetation recovery in an arid area has influenced the community
and diversity of ground-dwelling arthropods. Up to now, few investigators have focused on responses of ground spider and
beetle communities to artificial fixed-sand vegetation reconstruction, and its key influencing elements. In this study, two
shrubs planted types ( Haloxylon ammodendron plantations, HAP and Tamarix ramosissma plantations, TRP ) without
irrigation and natural shrub forest ( natural shrub forest, NSF) selected for comparison with the shrub planted habitat as
control. Ground spider and beetle communities in the three habitats collected by pitfall trapping, and environmental aspects
related to the scattering of spiders and beetles were explored. One-way analysis was used to compare the difference of the

activity density, taxa richness and Shannon-Wiener diversity of ground spiders and beetles as well as soil and vegetation
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factors among the three habitats. Further, analysis of variance and multivariate analysis was used to show the difference of
ground spiders and beetles among three habitats. Redundancy analysis (RDA) and Canonical correlation analysis ( CCA)
were performed to quantify the relative contribution of the vegetation and soil ecological factors to the variation in the ground
spider and beetle assembly and to identify key drivers of changes in these compositions. The results showed that significant
differences in the diversity and the composition of the community on ground spiders and beetles were observed among the
three habitats. Further, the activity density of ground spiders and the Shannon-wiener index of ground beetles in HAP and
TRP habitats was greater than that in NSF habitats, a contrary pattern on the activity density of ground beetles and the
Shannon-wiener index of ground spiders was observed. There are likewise some differences in the composition of spider and
beetle communities between HAP and TRP habitats. The activity density and Shannon-wiener index of ground spiders and
species richness of ground beetles in TRP habitats were higher than those in HAP habitats. The further analysis we
discovered that Lycosidae, Gnaphosidae, Linyphiinae, Theridiidae, and some beetle species belonged to Tenebrionidae,
Carabidae, Curculionidae were preferred for NSF or HAP or TRP habitats, which determined the assemblage of ground
spiders and beetles. The consequences of pRDA show that herbaceous biomass, litter production, soil sand content, soil
electrical conductivity and shrub cover were key environmental factors affecting the distribution of ground spiders, which
contributed to 82.1% of the variation in the ground spiders. And the consequences of pCCA show that shrub cover,
herbaceous biomass, pH and soil sand content were fundamental environmental factors affecting the distribution of ground
beetles, which contributed to 60.6% of the variation in the ground beetles. In short, the restoration of artificial sand-fixing
shrubs drives the change of vegetation and soil environment, which determined the distribution pattern of ground spiders and

beetles in the desert-oasis transition zone.

Key Words; the Middle Reaches of the Heihe River Basin; natural shrub forest; Haloxylon ammodendron plantation

Tamarix ramosissma plantation; ground spiders; ground beetles
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SR A I FTE T SR U o Y XN T [T VDA X ARAE A HE R = 2T Mt Haloxylon ammodendron (C. A. Mey.) Bunge
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SR T [ U0l ik A0 PP AR R 22 510 ANOSIM FH I ARG 56 S ) JHE 8 i) 2 5 1) 8 8Pk R (B /5 0 0—1,
TR N FIAL ] (Y 22 SRR NMDS HE P 45 5 R B3 22 250 (Stress ) 75 MDS 43 BT R4 845, Horp
Stress<0.01, 54> 1] {5 ;0.01 <Stress<0.05 , H] {5 1Y ;0.05<Stress<0.1, FA T {5 ;0.1 <Stress<0.2 , 7 705 BA W5
0.2<Stress<0.3, RAI{5 " Geits3Hifd ] PRIMER 5.0 3441,

R 1 RAREARK NTIRBFZNRERINZEHE
Table 1 Characteristics of vegetation environmental conditions at natural shrub forest ( NSF), Haloxylon ammodendron (HAP) and Tamarix

ramosissma plantation (TRP)

NSF HAP TRP Fy a6 P
HEARZEE Shrub cover/% 15.8+0.6b 51.0+3.2a 57.4+3.7a 132.64 < 0.001
FA Y Herbaceous biomass/ (g/m?) 67.3+5.6a 31.4+2.3b 1.5+0.3¢ 336.93 < 0.001
FAYFIEL Herbaceous species richness 2.1%0.1a 1.920.1b 1.4£0.1b 13.04 < 0.001
JHYE Y Litter production/ (g/m?) 21.8+5.8b 173.1£61.7a 134.5+40.1a 107.21 < 0.001

FAHRERF AR A B A7 AE B 22 5 (P<0.05) . NSF . KIRFEAM Natural shrub forest; HAP ; N THRAZM H. ammodendron plantation; TRP .
NTAZMIMK T. ramosissma plantation.

R2 RAEARRK ANTIRBFZN T EIRERHE
Table 2 Characteristics of soil environmental conditions at natural shrub forest ( NSF), Haloxylon ammodendron ( HAP) and Tamarix

ramosissma plantation (TRP)

NSF HAP TRP Fa 56 P
L3 bt Soil sand content/% 98.80=0.1a 98.70=0.1a 97.30=0.2b 64 < 0.001
T HEE LK Soil organic carbon/ (g/kg) 0.49+0.02b 0.64+0.04a 0.52+0.02b 6.13 0.007
3425 Soil total nitrogen/ ( g/kg) 0.05+0.01b 0.07+0.01a 0.05+0.01b 7.64 0.003
1€ pH Soil pH 9.05+0.04a 8.69+0.05b 8.42+0.06¢ 31.20 < 0.001
3 5% Soil electrical conductivity/ ( ps/cm) 108.90+4.7¢ 264.50+19.6b 411.3£33.5a 100.98 < 0.001

FHEAR R R R B () 77 7F 2 3% 22 5% (P<0.05) .

K H RDA (JUAYE 43 #T , Redundancy analysis ) F1 CCA ( #L3E Xt W 434, Canonical correlation analysis ) 23 A
B 5 A 33 A AN BRI R X ik T HH RV S e ) DR R B AT T TR R L SR DCA HETF 43 B i ek
A REPS G E S5 1 GlRR E {H ( Gradient) , WHWRAES DCA HEFEAUBE BN 1.4, 26 RDA HEFE ; W Bt BEY% DCA
HEFP BOAS FE(E R 3.1, 3% CCA HERF . A2 A 1) A 26 £ (Interactive-forward-selection ) #f 7€ 9 /™ HE #% Al 1 4%
A5G R F AR TRk, A F 525 R 9% B 45 45 95 ( Monte-Carlo permutation test 999) o HEFF 23 Hr 7 F ] dok A1 FP
BB B , ST T SR IEAT log (oo 1) $de , Gei o7 8 FH 8 FH A9 HEIF 4344 CANOCO 5.0, Al
JH Pearson A543 S S AN HY US55 HE PP 00 5 TR SEAE o RSB PR TR (R AR DG ARG A3 BT i SPSS
21.0 B b4,

2 ERE5S

2.1 RERVEARR N TR AR b bk A0 o B H g

RIRVEAM G N AR R AN AR ok 175 20 %% B2 N 2 REMEFE 022 7 W 3 (F, 5 =91.03,P<0.001; F, 4 =
20.02,P<0.001) , M Sk KT & 22 T AR (F, =2.71,P=0.087) , N T AR FIARMIM ik 7 %% i 44
LB T RIRFBEAM, HIEG S0 538 B A RARFEARIRE 1.7 150 4.6 15 (K 1), Wik 2 REVEFE 505 75 3h %5 B A
FOAH B, RARVEA MR 1) Z R PR 500 2 3 TN TR AARMIAR (I 1) o 0O, W52 2 BN TR A MR
Wk 110375 2% A B 2 R TN TR RAR, ik 2 RE R E LRI A AR B (BT 1)

FKARMEAMREG N AR FIREMIAR P 3 3% B SR B M 2 FE AR B W WA [F] (F, 5 =266.75, P<
0.001;F, 1, =12.77,P<0.001; F, ,,=66.19,P<0.001) , FKIRHEAMHT i) 15 2h %5 B 0% & T N AR AR
M, T ZRE RS BRI (B 1) o RARFEAMH B3 %5 B 2402 N TR AR FIAR AR Y 18.3 £ A1 13.4 1%
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1 RABEARKR ATREIENRESMERENEE LHFEEMSEEERLER
Fig.1 The activity density, taxa richness and Shannon-Wiener diversity index of ground spiders and beetles among natural shrub forest
(NSF), Haloxylon ammodendron (HAP) and Tamarix ramosissma plantation ( TRP)
FREA AR FRA [ AR S A7 2. 35 25 5 (P<0.05)

2.2 RERMEIVPHEHE N TR FEE MM AT AR AR (U L

WA TR HORE 2 1 NMDS HE7 25 BT S B T RARFEACHORI T M AR AR i) i ke Y RV AR AL
PE , TIRFEAMAN TARAR AMINBRGIR VR 22 5288/ 0N , TS [R) A 58 6] Y R BEE AR 2280 K (BT 2) . ANOSIM 4
BB  RARVEAAN T AR MM ok AT U 9% 2540 47 76 1 35 22 5 (Global R=0.79,P<0.001 ; Global
R=0.93,P<0.001) , =l A= 45 2 ] Wk A1 HH ORI 2 AN TRD

SIMPER Z3#7 & B8, RARFEASRFNN T AR IR N A B 0 - 2940 S PE R 28.0% 1 38.4% , KARE
AR N T AR M i) W R 9 22 S 109 32 2 DT iR S A 3Rk B ( STk 32.7% ) (BRI B (16.9%) ik 7 7}
(15.5% ) FIRIAR (14.8% ) s R 22 5 0 FEETTRRISHE M R H )R (12.8% ) RBEEE (10.4% ) i IR 8
BEE(10.0%) o KIRFEAMFN TAEMIAR RN BV 097 4040 S0y 34.8% F152.5% , RIRFE VAR
RN AR MR ] S T 2 57 1) F2 22 ST RIS T AR R (35.0% ) BRWRFH (23.7%) BRIk (12.8% ) Fli
WRE AR (12.2% ) 5 T HURFI ) EZE 0TI N AR E & (10.5% ) o PR T[] 70 HE i ik A0 PR R i 2H Bl
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Fig.2 NMDS plots indicating 2-dimensional distances on ground spiders and beetles among natural shrub forest ( NSF), Haloxylon

ammodendron (HAP) and Tamarix ramosissma plantation ( TRP)

FETE—0E 2557 , N TR AR AR MR A ik 1 R SRR - XA S MR 26.4% 11 32.9% N TR R R AR 1] i)
WRHEVS 22 510 B DTS IR IR R (44.1% ) R (12.5% ) (LR RL (12.1% ) FiEkikF(10.2%) ; B
AT 0 FEE ST ISR M P R (10.0% ) o
3.3 RIRMEARM N T AR AR AT A 5 2058 R 1 2 &R

RIRHEARMAN TR MR 5 PR8I  (HE P 45 3R W, 9 A AE A - SR B X i B 1785.3%
F R S S (F=17.8,P=0.001) , pRDA Z3#7 &30, HEA TG A Y R MY & L& AR S
RE R R A B FEEIREE N AR T 82. 1% WM BE A AE S (R 3) . 25 1 Bl Sl T K ARE A
N TR MR Hb 2 WA B 75 2 A 5 N T AR TR], TS 2 Al S Bl 1 R AR HE AP 5 N T AR AR bR b 2 ik 7 7% 4
WAFHE—RE 225 (] 3) o AR[RIZERL R T BI85 ] 1 10 ¢ RN [, &5 0 AL A R ik Bl 5 A 26 B L R 7 9 2
A1 e e R B B 2 UM O (P<0.05) |, 1T -5 FEAR AR W) 5t B 3 IEAH O (P<0.05) 5 25 1 7Y B AP /I ) TIL Ak ST
Bl R 5 S IE A 96 (P<0.05) |, 175 BOAR A 4 Fn 4 e & i 5 2 A OG (P<0.05) i 15 ik AR
WRR P IS kR A R R S ME R SR YA R - SR R B IE A E (P<0.05) T AR A A
SRbFr i 5 2 UM DG (P<0.05) 5 A U 3 18 WhoRHS 5 08 95 ik 5t 3 AR O (P<0.05) o AR ol 750 0 e ik ke
FFRIA AR A /NG o 28 Wk stk S RL A2 5 S IRBE T RS2 IR 8 /N(P>0.05)

%3 pRDA SHFEE 9 MEH N L IR B F 33 B18E 5 77 RO 4R X9 STk 2
Table 3 pRDA to quantify the relative contributions of the nine explanatory variables to the variation in families’ composition of the

ground spiders

it A2 i fifp e e Tk P p
Explanatory variables Variation explains/% Contribution/%

TEARIERE Shrub cover/% 1.51 1.77 2.8 0.046
AR Herbaceous biomass/ (g/m) 70.77 82.96 74.8 0.001
EEARY)FIEL Herbaceous species richness 0.47 0.55 0.8 0.471
JH% Y14 Litter production/ (g/m?) 4.91 5.75 6.4 0.001
35 Soil sand content/% 2.83 3.32 4.1 0.013
F A MR Soil organic carbon/ (g/kg) 1.51 1.77 2.6 0.054
345 Soil total nitrogen/ (g/kg) 1.04 1.22 2.1 0.102
+3% pH Soil pH 0.19 0.22 0.3 0.807
1438 53R Soil electrical conductivity/ ( s/cm) 2.08 2.43 3.3 0.030

FARFEARMAN TARR ARANAR 0 53085 K 7 A0 HE 7 25 S R0 o Ml ol A - E R B IR i R T
66.5% ) UBEVE AR S+ (F=6.70,P=0.001) , pCCA Z3HT &I, EATEE ALY R L1 pH MR REE
Wi R0 ) R IR 7 BT R T 60.6% B W RIS AR S (R 4) o 48 1 S T RARMEAR MG N TR
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Fig.3 The RDA and CCA two-dimensional ordination diagram of ground spiders and beetles with explanatory variables among natural
shrub forest (NSF), Haloxylon ammodendron (HAP) and Tamarix ramosissma plantation ( TRP)
SC.#ARFJE Shrub cover; HB: B A E i Herbaceous biomass; HSR: FLASYIFH 4L Herbaceous species richness; LP ; 7% % & Litter production;
SSC; + 45 i Soil sand content;SOC; 1378 HLEK Soil organic carbon; STN; 1= 5 4> %&( Soil total nitrogen; SEC; 13 H1 53 Soil electrical
conductivity ; SP ; -3 pH Soil pH

PR AFMIA 2 Y AR 4L BN T, 1726 2 SR T N TR MR AR SR MM 2 B R RS A A — e 2 57
(E3) . 9 AMPLAH A b5 3258 K F A AR OC /0 A 25 R BH | S BE B8 HRIBAT /N s 35 5 4 S R A A DG
B/N(P>0.05) , v IO BEH T £ REHRA 1 REH R 2 5 L4 R BIEE SR m W R SRS
B E A SC, SREA Y | RS RO pH R E A (P<0.05) . A H R 1 B i SR E
W EADG, 5RALEY & IS B pH 2103 57 (P<0.05) .

R4 pCCA SHBE 9 A H M T IHIREE B T34 B 14 7 HOHA R SR R

Table 4 pCCA to quantify the relative contributions of the nine explanatory variables to the variation in species’ composition of the

ground beetles

Explanatory variables Variation explains/% Contribution/%

TEARZEE Shrub cover/% 42.12 62.87 24.1 0.001
EA M) Herbaceous biomass/ (g/m) 11.67 17.41 8.8 0.001
FEARYIFIEL Herbaceous species richness 1.37 2.05 1.3 0.255
JH7EH & Litter production/ (g/m) 0.09 0.13 <0.1 1.000
+ AT Soil sand content/ % 2.32 3.46 2.0 0.041
+HEE LK Soil organic carbon/ (g/kg) 2.06 3.07 1.9 0.069
F LA Soil total nitrogen/ ( g/kg) 1.2 1.79 1.2 0.305
43 pH Soil pH 4.46 6.66 3.7 0.005
326 5K Soil electrical conductivity/ ( us/cm) 1.72 2.56 1.6 0.137

3 itig

TR T A AR K S 32 ZE 30 B AU 70 i A9 N T IR AMORIE A, i 2 P S FEL R SR AN TE A
MOZLRMN S £ B VDA, H TR TS T, AT R B R AN T TV AR B R e v 1 A e 2
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