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Effects of different types of steppe fencings on insect diversity
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Abstract: To explore the influence of fencing and enclosure in different types of grasslands on insect di-
versity. During the spring, summer, and autumn of 2023, systematic monitoring of herbivorous and pred-
atory insects was carried out using the pitfall trapping method in three steppe types: temperate desert
steppe, the transition zone between desert and temperate steppe, and temperate steppe, located in and
around Yanchi County, Ningxia Hui Autonomous Region. The differences in insect diversity between
the enclosed and unenclosed areas were analyzed, and the correlation between the vegetation communi-

ty characteristics and insect communities was also examined. The results showed that a total of 1 309
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herbivorous and 2 390 predaceous insects were collected in the three types of steppes in 2023, amount-
ing to a total of 3 699 insects belonging to 49 species of herbivorous insects and 30 species of preda-
ceous insects. In the temperate desert steppe, the species richness, individual numbers, and diversity in-
dices of insects were all lower in the enclosed area than in the external area. However, in both the transi-
tion zone and the temperate steppe, insect diversity indices were higher in the enclosed area, while dom-
inance indices were lower. Furthermore, significant differences were observed in the abundance of pred-
atory and herbivorous insects between enclosed and unenclosed areas across various seasons within the
three types of steppes. In addition, herbivorous insect species richness, individual numbers, diversity,
and evenness indices of herbivorous insects were negatively correlated with plant height, while the indi-
vidual number was positively correlated with plant frequency and aboveground biomass, and the diversi-
ty and evenness indices were also positively correlated with plant density. In the enclosed area, as the
number of predaceous insects increased, the individual number of herbivorous insects also increased, and
there was a significant positive correlation between them. Therefore, implementing fencing and protec-

tion measures in the transition zone between desert and temperate steppe and in the temperate steppe can

effectively increase insect diversity in the ecosystem and reduce the risk of pest outbreaks.

Key words: natural steppe; enclosure; insect diversity; vegetation; correlation analysis
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My OUT PIHMUERRIEEF XM EPER dt. IN_HI: The herbivorous insects within the enclosure area; OUT HI: the herbiv-

orous insects outside the enclosure area; IN PI: the predatory insects within the enclosure area; OUT PI: the predatory insects

outside the enclosure area.

Bl EMREEREEHEX AR R SRR
Fig. 1 Insect diversity index inside and outside the enclosed area of temperate desert steppe
gl o P g kiR . R IR/NG FRER R 48 Duncan FGHT R MR 25 1K 50 R 34 75 X AMRAR 201k B s sl (et
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BB [H] 2% 5 .35 (P<0.05, P<0.01, P<0.001) ; ns F#/R 255+ AN 3% . Data in the figure are mean+SE. Different lowercase letters in-

dicate significant difference in herbivorous insects or predatory insects inside and outside the enclosed area among different seasons

by Duncan’s new multiple range test (P<0.05). *, ** or *** indicates significant difference in the numbers of herbivorous insects or

predatory insects within and outside of the enclosure area at the same season by LSD test (P<0.05, P<0.01 or P<0.001); ns indicates

no significant difference.
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Fig. 2 Insect diversity indices inside and outside the enclosed area of desert-temperate steppe transition zone
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sons by Duncan’s new multiple range test (P<0.05). *, ** or *** indicates significant difference in the numbers of herbivorous in-
sects or predatory insects within and outside of the enclosure area at the same season by LSD test (P<0.05, P<0.01 or P<0.001); ns

indicates no significant difference.
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temperate steppe were only conducted in the summer and autumn, with no data available for the spring. IN_HI: The herbivo-
rous insects within the enclosed area; OUT HI: the herbivorous insects outside the enclosed area; IN_PI: the predatory insects

within the enclosed area; OUT_PI: the predatory insects outside the enclosed area.

3 RMEREEHBEXNIMIERSHFERY
Fig. 3 Insect diversity indices inside and outside the enclosed area of temperate steppe
P B R P R bR DR . ASTR/ NG FhE 7R 28 LSD W AG I FiA da 7 DX PN A AoAE B 1 2 Hhe iy i 2 e A A [ 2y
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(P<0.05, P<0.01, P<0.001) ; ns £/RZEF AL FE . Data in the figure are mean=SE. Different lowercase letters indicate significant
difference in the numbers of herbivorous insects or predatory inside and outside the enclosed area insects among different seasons by
Duncan’ s new multiple range test (P<0.05). *, ** or *** indicates significant difference in the numbers of herbivorous insects or
predatory insects within and outside of the enclosed area at the same season by LSD test (P<0.05, P<0.01, or P<0.001); ns indi-

cates no significant difference.
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Table 1 Effects of steppe type, seasons, enclosure and their interactions on the diversity of herbivorous insects

A Margaletj , Sham‘lon-Wi?ner ‘ Simpsm‘l' Pielou .
SN R LR No. of in- FEER R IBERE WNERR
Factor Species .. . Margalef ~ Shannon-Wiener Simpson domi- Pielou unifor-
dividuals . . S . o
richness index diversity index  nance index  mity index
B JF S Steppe type 554" 46.87" 1.37 5.99™ 7.76™ 6.71"
Z577 Season 6.02" 3337 1.37 3.52° 2.51 12.19™
42 £ F Enclosure 0.84 11.67" 0.27 1.63 1.84 1.31
TR 2RI < Z=T Steppe typexseason 1.88 11.45™ 2.88 8.59" 17.74™ 3.45"
F A< [EI R4 3 75 Steppe typexenclosure  7.36"  53.57" 1.57 9.70" 6.45" 4.93°
ZeAT > [l #2 3 ' Seasonxenclosure 0.69  10.95™ 0.14 0.20 0.01 6.68"
0.13 4.42° 0.06 2.13 5.09" 15.74™

R < R
Steppe typexseasonxenclosure

*: P<0.05; **: P<0.01; ***. P<0.001.

®2 HREER FU EEHBEREZEEAMHERERE RS FERZMm

Table 2 Effects of steppe species, seasons, enclosure and their interactions on the diversity of predatory insects
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1.27 2.75 1.94 1.56 1.79 0.78

R T < HR B E
Steppe typexseasonxenclosure

*: P<0.05; **: P<0.01; ***. P<0.00.

2.4 AREREEEHERXNIMEREES EHMSTEN T
IR R RS H R E XA
00 44 (B T AN (P<0.001) 5 I Z= IR F
DX PN T B g B S v TR (P<0.05) , IR BT B
DX PN BRI AT AR 8 (0 TG 35 25 5 s Bk R A IR
PESFEBLEL L, IR b 7 X PN A 23 T A4
R TAN, H A 56 B R T A (P<
0.05) , NS AE B e B ik 25 1 TAMAR (P<0.01, K1 4) o

FEFE BT B AL P, B ER S H X N4
2[RI AE DY A5 TR B 0 8 3 25 5 s B A i -
TP R i Y T PR B X N AR R T
AR (P<0.001) , A 35 5 DX PN PSR 1 288 B 5 001 1
AR TAMAE (P<0.05) 5 Bk ZR 70 i B — e M e i i i
7, FERS B DX A B R R T AR (P<
0.05) , HARA TR EAE IR 3 & X AR Z (8] 78
WEER(ES5).



54 BTG . A1 ST B R s T B S R 5 1197
CI A In I 518 Out
120 40 _ 300 -
E
g g9 4 ns ns * 2304 ns . . *g 240 1 g ns ns
) a 2 = a
5 & £ a S 180 1
4 b a .en a .
G 607§ 220 o g
b b g > 120 b b 4
& E
® 30 ' 10 b ! ab g
b S 604 D b
i
&
T T T T T
¥ R=F *ZE ¥ BEZF *E ®F E= *ZE
Spring  Summer  Autumn Spring  Summer  Autumn Spring  Summer  Autumn
40 200
£
5,30 e ok ns %0 150
2 i % ns ns ns
8 2 8 £
2 20 4 2 00 4 b
= Y o a
% b . R 3
10 2 a & s0q1(]]a a a
b 2 b
<
T T T T
ZF RZ € FF RZ *ZF
Spring Summer  Autumn Spring  Summer  Autumn

B4 BiREERBEEHE XA IMIMEREERFE
Fig. 4 Characteristics of vegetation communities inside and outside the enclosed area of temperate desert steppe
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0.01, or P<0.001); ns indicates no significant difference.
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Fig. 5 Characteristics of vegetation communities inside and outside the enclosed area of desert-temperate steppe transition zone
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0.01, or P<0.001); ns indicates no significant difference.
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Fig. 6 Characteristics of vegetation communities inside and outside the enclosed area of temperate steppe
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ns indicates no significant difference.
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