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Characteristics and ecological niche analysis of ground-dwelling spider communities

in the loess hilly area of returning farmland to forest

NAN Zhengzheng, Al Ning, YAN Huiling, AT Shanmei, WANG Siyi, YUAN Caixia, LIU Changhai”
College of Life Science, Yanan University, Yan'an 716000, China

Abstract: In order to gain a deeper understanding of the characteristics of ground-dwelling spider communities, the
ecological niche characteristics of the main populations, and their relationship with environmental factors in the loess hilly
area of China, this study selected typical vegetation communities ( Pinus tabuliformis forest, Prunus sibirica forest,
Hippophae rhamnoides forest, Robinia pseudoacacia forest, Populus simonii forest and farmland) formed after the conversion
of farmland to forest ( grassland) in the loess hilly area as the research site. From August to November 2022, the trap
method was used to collect ground-dwelling spiders in each site, and the collected spiders were morphological identified.
The results showed that: (1) A total of 2463 ground-dwelling spider specimens were collected, belonging to 18 families, 36
genera, and 49 species, including 13 main species. Returning farmland to forest has had a significant impact on the

evenness index and dominance index of ground-dwelling spiders ( P<0.05), but had no significant impact on the richness
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index and diversity index. The highest evenness index of ground-dwelling spiders was found in Prunus sibirica forest and
farmland , with a evenness index of 0.82. The lowest evenness index was in the Populus simonii forest, with a evenness index
of 0.49. The highest dominance index of ground-dwelling spiders was Prunus sibirica forest, with a dominance index of
7.38, while the lowest dominance index was Populus stimonii forest, with a dominance index of 2.13. The Jaccard similarity
index between most vegetation in the study area ranged from 0.4 to 0.5, and the overall composition of ground-dwelling
spider communities showed moderate dissimilarity. (2) The largest ecological niche width of the main ground-dwelling
spider was the Xysticus ephippiafus, with an ecological niche width of 5.30; The Pardosa schenkeli had the smallest niche
width, with a niche width of 1.54. The distribution range of ecological niche overlap values of the main ground-dwelling
spiders was [0.06, 1], with high niche overlap accounting for 23.08% of the total logarithm, moderate overlap accounting
for 28.21% of the total logarithm, and low niche overlap accounting for 48.72% of the total logarithm. The sum of the
ecological response rates of the 13 main ground-dwelling spiders in the study area was negative, indicating that the main
ground-dwelling spiders were in a declining stage. (3) The redundancy analysis (RDA) results showed that herbaceous
coverage , litter thickness, available potassium, electrical conductivity, and organic matter were key driving factors affecting
the distribution and niche characteristics of major ground-dwelling spiders. Therefore, this study indicated that the
cultivation of artificial forests is beneficial for the restoration and protection of local ground-dwelling spider diversity. The
main ground-dwelling spiders in the area of returning farmland to forest, as well as the main species and the environment,

have not yet reached a relative dynamic balance.

Key Words: returning farmland to forest areas; ground-dwelling spider; community structure; niche characteristics;
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Fig.1 Schematic diagram of the location of the research area and actual vegetation map
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5 mL HYM AL BEAR W

BB 8—10 d HURE 1 Uk, JEHURE 8 YR, KA U WL AR 21 A A ARA A7 21 75% FOTRAG v, SR 5 i [l S 55 2 AR 4l AH
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1.5.1 FEEZHEE

SR Excel 2021 X EHE AT, IF A PR K808 | R Mk MABCFIAFE RS £, 1] SPSS 26.0 Xf
SR BRI A T IE AR S, IF R B R R T 224307 (one-way ANOVA) FIAESEUM ST A AR Kruskal-Wallis K56 b
BN RS 4 T 1) 2 S P (Rl T 2 TE 2 53 A B R B A T BRI R T 22K 5, S B AN AT B IE A S A B
il HAESEOM LA Kruskal-Wallis Kz 30, 1 & MR IEN P<0.05) . R H Origin 2021 EE, R ZFH1E
B0 Jaccard ARBIPERSE" BN )R 215 700 iy 3 W ke 1) FF 5 22 A M R REE % () AR R0, e 2R MR SR B
£145 Shannon ZHEPE 8 %1, Simpson L 34 $8 4, Pielou ¥ 5] 8 5 Margalef £ & FEH5 %k, AH XA AL
.

Shannon ZFEMEFEEL . H=- 2 Nl X ln[]\;j (1)

Simpson L EHEEL . D=1-Y [?\;j (2)

Pielou ¥ FEHE4K . J = H/InS (3)

Margalef =& FEFR4L . M=(S-1)/InN (4)

Jaceard HIDIFESEAL: J= (5)
K, n, A T AFIRERASRE NV R SRS S ARG o R b S0 AR AT o b BUFNEEEL, ¢ IPANHE AT
] [l A B A AR

1.5.2 AESARRIE

KH R.4.3.1(spaa £) 118 EE MR MR FPHER) Levins A= 807 %8 BEFE XL (B,) 21 H Pinaka 2 B (Y
(0,) ), R R.4.3.1( pheatmap {11) I BF5E X 330 ZMIBRAY T AP, I 0T 6 FREHE S 70 4 2
WRIEAT 25 8 #5643 BT ( Detrended correspondence analysis, DCA ) , 18 H HE 5 3l 59 Bf & 4 & ( Lengths of
gradient, LGA ) , LGA =2.35<4 iR FHE AR Y 1 TT A% 73BT ( Redundancy analysis, RDA ) B 2 b 3% Wik A4~ 14
Bor i S B TR SC &R, W, R HI W RDA 434 (Partial RDA ) H152 %7 - ¥ & 4 45 %0 ( Monte Carlo
permutation test) , 5 5 WA 54> PR 700 i 22 W R 7% 40 A 1) STR 38 (RIS e ) o 7E D RDA S5 H7 19 Bk il
b i M R W R A 5 R DG AR A 4R HE 181 (Biplot) o B HERF M CANOCO 5 #E47 73 Hriz
B RREIRA R Z T Y S B S BEE A TR AL AL 3 Tog (1) o A SMAFIEARSCH AT

Levins A= 25 78 BEFE 5L B, = (6)
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Table 1 Environmental factor indicators for different vegetation types (Mean+SE)

el

5??7‘&1 type VS SR SR I L M MO L
MFAH Pinus 4.69+0.09¢  14.06x1.62b  1.32+0.54d  86.00+1.15bc  6.23+0.18c  8.2240.03a 56.07+2.24cd  7.50x1.44e  3.5020.29h
WK Prunus 17.15£0.17a  88.14%6.86a  6.27+0.93bc 174.33£17.25a 12.6120.03a  8.07+0.04b 75.63+1.59a 80.00+2.89b  3.50+0.29h
UPHMK Hippophae ~ 13.72£0.19h  79.68+4.70a  9.12+0.97h  65.33x0.88c  6.11x1.02c  8.1740.0lab 55.67+2.14cd 55.00+2.89¢ 1.50+0.29¢
FAK Robinia 9.25:0.12¢c  68.60+16.69a 2.31x0.69d 106.00+7.51b  4.4420.26d  8.12+0.02ab 58.80+0.32c 92.50+1.44a  4.25:0.43b
/NI BR Populus 5.96+0.04d  23.10+0.51b  4.05£0.22¢d 151.00£4.51a  5.43+0.14cd  8.24x0.01a  53.37+1.58d 25.00+2.89d  6.50+0.29a
4T Farmland 5.69£0.19d  29.23+0.51b 19.64+2.11a 149.67+2.19a  10.5520.07b  8.14+0.09ab 68.07+0.33b  4.00+0.58e —

SOM ; + A HL T Soil organic matter; AN T % Al Available nitrogen; AP ; SR Available phosphorus ; AK; HALE Available potassium ; SMC; + A K& Soil
moisture content; EC i1 5% Electrical conductivity ; HC JEUARTE R Herbal coverage; LT VAR Litter thickness ; BLIENEESE TN (P<0.05)

2.2 N[ R B2 A v b SR MR T VR 25 A
2.2.1  N[FIRE A2 AR v SR WA 7 2

P8t BB FFEAR DX 6 FloAS [ A 1 28 B 1l Ay R A B W AR AR 2463 Sk, 24585, 70w T 18 Bl
37 J& 49 i, IR S HEFIK (Agroeca mongolica ) FIH FRF Wk ( Pardosa schenkeli) , 5 B 1952.62% ;
WOOLRRE 11 A 5 BRI 40.56% , 433 R B BRI JE & S FP ( Draconarius sp.) KSR A ( Zelotes longipes) |
FIEC BE 1k ( Alopecosa licenti) | F 20 Bk Wk ( Alopecosa albostriata ) | T V. % ( Asianellus festivus ) | {1/ %% - 1€ bk
( Gnaphosa kompirensis) 25V ( Pardosa astrigera) ¥ TE A6 Wk ( Xysticus ephippiafus) . 4255 SCWk ( Raveniola
sinensis ) \BRWEJE A E M ( Coelotes sp.) VL ISR E 1k ( Paratrachelas acuminus) . Fii A3 i 5 Hb 28 Wik S 20 0
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Table 2 Species composition of ground-dwelling spiders in different vegetation types

F5 Fh RIS N VR G/ NS "% 7 NI [7:¥ NN o777 N 3 Bt AL
No.  Species Pinus Prunus Hippophae  Robinia Populus Cropland Total Percentage/ %
1 2 MEFk Agroeca mongolica 72 74 215 132 451 6 950 38.57
2 HRHIK Pardosa schenkeli 3 44 275 10 12 2 346 14.05
3 JeBRR)E Draconarius sp. 21 37 56 60 53 0 227 9.22
4 RKEIEEE Zelotes longipes 6 39 94 38 24 1 202 8.20
5 FICHERK Alopecosa licenti 1 30 98 22 0 0 151 6.13
6 HAZIEW Alopecosa albostriata 2 10 73 8 0 1 94 3.82
7 WAk Asianellus festivus 1 10 31 26 3 0 71 2.88
8 B Gnaphosa kompirensis 21 6 1 1 36 0 65 2.64
9 Bk Pardosa astrigera 5 14 3 0 0 26 48 1.95
10 BIPALEWR Xysticus ephippiafus 11 6 8 8 4 4 41 1.66
11 TR SCk Raveniola sinensis 0 0 14 6 19 0 39 1.58
12 BRI )& Coelotes sp. 4 2 2 7 10 11 36 1.46
13 REWE R Paratrachelas acuminus 1 5 0 3 16 0 25 1.02
14 SEFIWR Ozyptila inaequalis 0 4 6 12 2 0 24 0.97
15 AP Gnaphosa sinensis 2 0 3 2 12 0 19 0.77
16 HBBHUBRYE Pirencitega spinivulva 4 5 1 0 6 0 16 0.65
17 ffiki £k Latouchia cornuta 0 1 10 0 5 0 16 0.65
18 /NVREIBYR Thanatus miniaceus 0 2 8 0 0 0 10 0.41
19 EEEZEHER Ero koreana 0 0 5 2 2 0 9 0.37
20  SEBRATUK Titanoeca asimilis 0 1 0 0 7 0 8 0.32
21 RGP Graphosa songi 0 2 5 0 0 0 7 0.28
22 ELHLIFERR Zelotes barkol 1 1 2 1 1 0 6 0.24
23 LISk Pardosa multivaga 0 5 0 0 1 0 6 0.24
24 HBEREY Fvarcha albaria 1 0 0 1 2 0 4 0.16
25 SEHEEYk Spiracme mongolica 0 1 0 2 0 0 3 0.12
26 HAIRIEEY Thanatus nipponicus 0 0 0 3 0 0 3 0.12
27 HY/NEERER Nesticella apiculata 0 0 2 1 0 0 3 0.12
28 FIERHERK Oxyopes licenti 0 1 0 0 0 2 3 0.12
29 WUB/INEUEK Micaria formicaria 0 0 0 0 0 3 3 0.12
30 B2LEUR Zelotes helanshan 0 0 1 0 0 1 2 0.08
31 BREWE Phaeocedus braccatus 0 0 1 0 1 0 2 0.08
32 FBARR Haplodrassus pugnans 0 0 2 0 0 0 2 0.08
33 EWERMKIER Collinsia inerrans 0 0 0 0 0 2 2 0.08
34 T8 HI5W Neriene emphana 1 0 1 0 0 0 2 0.08
35 ZMIEK Linyphia triangularis 1 0 1 0 0 0 2 0.08
36 WEUREIEFik Allagelena bistriata 0 0 2 0 0 0 2 0.08
37 SBEAEMEMK Xysticus pseudoblitea 0 2 0 0 0 0 2 0.08
38 UBENAEMEEK Xysticus sharlaa 0 0 0 0 1 0 1 0.04
39 HBIRBAELR Heriaeus mellotteei 0 0 0 1 0 0 1 0.04
40 FlisEYk Trochosa terricola 1 0 0 0 0 0 1 0.04
41 FFHEYR Trochosa ruricola 1 0 0 0 0 0 1 0.04
42 INPESRYK Lycosa shansia 0 0 0 0 0 1 1 0.04
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JPE FIL1E 7S N TV Ew NI 75 v U 1/:¥ 7 N N 7% N (L JESaN Aot
No.  Species Pinus Prunus  Hippophae — Robinia ~ Populus  Cropland Total  Percentage/%
43 +HHIE Parasyrisca turkenica 0 0 0 0 1 0 1 0.04
44 MGEFEW Drassyllus excavatus 0 0 1 0 0 0 1 0.04
45  PRMAsk Zora nemoralis 0 0 0 0 1 0 1 0.04
46 T FFEk Araneus diadematus 0 1 0 0 0 0 1 0.04
47 WYIREEWE Neriene hammeni 0 0 0 0 0 1 1 0.04
48 SR JE Bathyphantes sp. 0 0 1 0 0 0 1 0.04
49 BAURIE Cryptachaea sp. 1 0 0 0 0 0 1 0.04
SAMASL Total number of individuals 161 303 922 346 670 61 2463 100
SIFIEL Total number of species 21 24 29 21 23 13 — —

AR 5 R Y 10% DL ERIRRAF  19%—109% 3% WA, 1% LA R i A SCREAR SRR 5 WLAP IR R R0

2.2.2 N[l RE #2500 e o R MR AR ZAREPE B

3 S 7S AN [ 8 218 TR ARl Py SR 4 30) 174 1t R R AFE V% 1) 3 8 SR A0 SRR AR B I ST B R R B R
TR T LA S5 R B R A AR b b e W R TS 10 = W R B SRR O A A B 22 5,
TR A 7 15050 B 5w i (2 LL SRR T, B350 FERECR 0.82 5 157 FEHR BUm (IR 2/ Nk, 34150 FE 4
R 0.49, XIS EERRBGIHEAT HLER , LA MR R AR R VR 1 35 50 BE AR B 3 = /N AR (P<0.01) , B R T
UPHRAR(P<0.05) o VOROMAIIH A D2 WA ARV 1 25050 B 0 28 1 T/ N AR (P<0.05 ) . b e Wik eV O 3
JEFE R = 12 LA AR, PR EIOCN 7.38 s R348 B AR &/ INH AR DR EEFR 250k 2,13, Vbl 3¢
WA TR O B R A 3 = T/ AR (P<0.05) (1 2)
2.2.3  RTRVAE 2SI v b e sk B Y AR AR S0 A

12 3 TN, BFST IX 4 K 2 B 04 H] Jaccard AHBIPEFE RN T 0.4—0.5 Z [, b MR RY 74 41 e 7k 2 30
HEEASAHAL, IR IR AR S 1L bR VD JBIOMR | THAR AR | /0N A A [t 8 R P 7 AR o i, A T 0.45—
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Table 3 Community similarity of ground-dwelling spiders in different vegetation types

TR RV TR\ BT ETN RIREAR AR 7ZAN A H
Vegetational type Pinus Prunus Hippophae Robinia Populus Cropland
THFAMR Pinus 0.45 0.47 0.5 0.42 0.26
IS Prunus 14 0.47 0.45 0.47 0.28
AR Hippophae 16 17 0.47 0.44 0.24
HIBEHK Robinia 14 14 16 0.52 0.21
INHAGAK Populus 13 15 16 15 0.16
4<H Cropland 7 8 8 6 5

ZE T R IE FEEE, A5 LA R Jaccard {8 ; Jaccard fHFE 0—0.25 FREASHEL,0.25—0.5 A1 2R P AERHEL,0.5—0.75 [A] 1 5540, 0.75—
1 (] F 7R AR AR

2.3 BRBRAKIX T i R A S A
2.3.1 TR MR AR A YR

A= 27 B R A B i et A ok A R R B ) R/ )N, 8 P B AR B AR DX 3 T b e e A= 254
FE LT 1.54—5.30 Z[A] (& 3) , AR A M FE AR AR E /N v AR 2507 5 B2 e R M) S B AB B ik | 2B 2806 5 2 Oy
5.30 5 HUR N e Bk o o o i | Bk S oA e Pl A AL B8 BE 43 0 R 4.54 (4.41,3X 3 Tk o3 A1 8 AR WA
PRUE A AR, R EOR A A ASTE M, T AR A T R fe /N SR Y RS AR LT 1.54 i W Fh oG
IREEA A R, AR GBI E R B 22 , PRI S IR AR B /N
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Fig.2 Diversity index characteristics of ground-dwelling spider communities in different vegetation types( Mean+SE)
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Fig. 3  The ecological niche width of main ground-dwelling
spiders in the loess hilly area of returning farmland to forests

Amon; 5 iy FH BF ik Agroeca mongolica; Psch: B [G )k Pardosa
schenkeli ; Dsp : & B 6k J& & 7€ Fl' Draconarius sp. ; Zlon: £ /& 1F Wk
Zelotes longipes ; Alic F) % £ R Alopecosa licenti; Aalb . 1 20 B R
Alopecosa albostriata ; Afes W P WR Asianellus Sestivus ; Gkom ; AR B S
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R4 FEHRMBKENFIERSHE (A0, ) MIMAER (R)

Table 4 Relative resource occupation (A0, ) and response rate (R) of main ground-dwelling spiders

- e - e
I\ifl#ﬂ)tties A0, R ijti:e ;[Ea%lqﬁff::ies A0y K ijl(:e
ST Pk Agroeca mongolica 13.857 0.234 KRE || VBTIEY Graphosa kompirensis -20.376  -0.117 iRk
H1 G5k Pardosa schenkeli -1.729  -0.890 il || 2S5 Pardosa astrigera -47353  -0.054 Fil
JeBRuk)E Draconarius sp. 23.869 0.190 KIE || BOUALKEW Xysticus ephippiafus 10.106  0.525 KR
KAk Zelotes longipes 19.59  0.168 KIE || AT SO Raveniola sinensis 13.853 0.185 KR
I Rk Alopecosa licenti 3.606 0.575 K || BASRJE Coelotes sp. -6.238  -0.707 il
FIE8E W Alopecosa albostriata -1.779  -0.904 Fil || REIES Paratrachelas acuminus -15.883  -0.135 iR
Tk Asianellus festivus 8.478 0.340 RIE
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Feh 2.64:4.97:15.11:5.67:10.98: 1, W Fh 52 L 1.62:1.85:2.23:1.62:1.77: 1, VIR HE A MRS Hh 24 ok 5
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Fig.4 Overlapping values of main ground-dwelling spider ecological niches in the loess hilly area of returning farmland to forests
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Fig.5 RDA analysis of the main ground-dwelling spiders and environmental factors in the loess hilly area of returning farmland to forests
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