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Abstract: Grassland habitat fragmentation leads to changes in the size, connectivity, and structure of
grassland habitats, which is one of the primary causes of the decline in grassland biodiversity. The frag-
mentation has potential impacts on locust outbreaks and the reduction of their natural enemy insect di-
versity. This paper employs bibliometric analysis to statistically examine relevant domestic and interna-
tional literature, with a focus on summarizing the effects of grassland habitat fragmentation on locust
outbreaks and their natural enemy insects. It also provides perspectives on enhancing the control capac-
ity of natural enemy insects, reducing locust population outbreaks, and increasing the diversity of natu-
ral enemy insects.
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A B AR AR AE ARG SR A SR TS LT,
B o3 B8 B 22 TR /N HOAS 3 82 A B B i 1) 1ot
(Fahrig, 2003; 5K 36 BT ,2020) . A= 55 A3k % 5
A BERER AR RIS A AR (L1 E 56, 2007) , B0 211
Fa BN A S R SR e 3 25 A (Polus et al.,
2007; Wilson et al.,2016) . 1] B b A= S A iR AL 2 24
A A BRI PR A7 7 1) A 2 TR, T R i R
FefE NG H A WA 7 XA A2 4k, @& eIk
] i T R RS D AR IR R (E A
VR, 2018 ; W 9155, 2023) . BEAN, F LA BE AR
XTI Z R A AR R e A R
% W (Herkert, 1994 ; Collinge, 2000; DeCock et al.,
2023 ) , QA= 58 A AR Ak T ) B AT, AR
U AR B 22 R | L A R A BE 2K (Soons
et al.,2005; Kimberley et al.,2021) , 1 ZFE4k AU 8
20 W SR R S R R R A E A S g, TRt
T H A B RN Ak RT E R] 42 5 e R o DXl et e R
B B MU 2 FE P AR 4k (Grass et al., 2018 ; Pernat et
al.,2024) , FET 5 W A= 25 2R e YA E P (Gonzalez et
al.,2011;Riva & Fahrig,2023)

st e PR A N TR L 25 N A
IS B KA K A% (Sun et al., 2016; BREAESS
2021) , A2 BRIV Bl N AR 2 Rk WK B4 T ARE 5% 107
km?, 2 ERVE Bl A3 it 500 Rl B ok 3 447 A A
Wy, Horp R R 2045 50 F1(Zhang et al.,2019; 2%
51,2022) o KECE BUAEIE B4R i 2 R R
(A €5, X A dp i R Fn A AR R e Al B
22 Y (Lomer et al., 2001 ; Sanchez-Zapata et al.,
2007) W HURE TS T AR ML A e | A e
Mg B3 A P SIS B L A L D ) S S RN kS
FL i i M ol | e M R e <5 i e, ()
A FE T, 2007) , K HCE I 10 s RS Ok
By 1k W5 % 5| S 1Y AR S &R 4t 2K 7 (Branson et al.,
20063 282485 ,2015) o FIJH R EO IR R AT A=
Biiif , AT LA D A2 R 20 A T e, i dr bt A
DR G IR UE R A 2500 R & R (Lomer et
al.,2001; FRALAFIFRETEN,2014)

SCHRTH i B A e R il —
REREHE B 58 N UG T A Tk sl IRt o
(Chen et al.,2009) . “fy T3 >R 7 AY 55 J5L 5 ey 315K
W, SR FH SCHR T 1 72 6) B N AN DG SCER AT 521 o
T, AR 3 T b A 35 B A o) i H R R R R
TR AR 520, X PR T R R R e T
B WL T e RS IR B R R 2 AP T e B, DL

910 R s e AR S IR AR S
1 BIR5HE

=] PN SCRik >k B H E T (China National Knowl-
edge Infrastructure, CNKDEEZE , KR BA 1979 4F
11 H—20244E£3 ] 20 H , R ] 8 42 SCHIH 2
AT AND ) 7 AT R R TER R = A
FH =74 25 Ty w5 A 3] 1 O O] 0 il B 10 0 S
R T U R, B DA R - i — R A -
R CE AT EEUR R DL AL 4 3k + B
J 4 B - REHR 4 AR 85 5 o ORS ) " AT 2SR R
DL B R 4 R R -+ ORG ) ™ R A T4 A
K, USSR ORI " FROCGHA T 2 SCR R IR R 2
93 i Hh SCICHR )+ SR PR IR , 20215 47 4 55
2022), ECCHRR A K EFHAE LRI O
A EEEREE (Web of Science Core Collection, SCI-C)
W R 51 SCER 519 (Science Citation Index Ex-
panded, SCI-EXPANDED) ¥l , KRB 19794F
1 H1 H—20244F3 H 20 H , R TS=(grassland OR
steppe) AND TS=(fragmentation OR habitat loss OR
habitat isolation OR patchy habitat OR semi-natural )
AND (TS=(grasshopper OR locust) OR TS= (natural
enemy insect OR parasitism OR predation AND
(grasshopper OR locust) ) ) AND TS= (diversity OR
biodiversity ) HF1 TR g R , HAGZR H 149 F 93k

I AT PAL A2 CiteSpace 6.3.R1 Basic(Chen,
2013) %} CNKI & SCI-EXPANDED H 463 4 ik f
A7 B IA) 98 BUANAR JE & SO A R T R4.2.4 11
bibliometrix %% 1 £ (Aria & Cuccurullo, 2017) %
SCI-EXPANDED v 46 3 (14 SC R #E 47t Ft % SChE
WA

2 EMAEISIRP U ITIE R L R HE R
E2 1 S 4 RS Im A ST IR

2.1 ERRNHAREEDH

KRR R IZE R N, 19794 1 A 1 H—20244F
3720 H [ Py T HE B A0 AR 15 X0 L R R R R
F B e Z R e RIS O SR R R a H A
SERT Y 25 A5 B HER] 43 3] Sk 25 (8] 50 A L T b g
L EQNE U719 R A 7Y VAN ¥ - a L N S 2 1 G 2
TERE FEVR A5 M S TR R RT D A S A
PRI L3RR GRS i AR 1L b ge it
2 BB FOULLE R A (RIS R HB IR PR T RO
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S e err (K1), B8 19954F, 548 2.42,2011—2013 4E1% 3095 | I, jlich 7 246
W REALAT S R MBS e B S I s g L, JF AOBIFS BRG, Ti A= W B 9 AT 4 37 2 30T 48 g A
FRel TR A, 23 () 20 A5 98 B B e, o e RS (1) .

KA £ RUBE FTFHREH SRFEH 19952023

Key word Year Strength Begin year End year
Z8[B] 4345 Spatial distribution 2011 2.42 2011 2013 —
FEHIE B Grasshopper 2010 2.14 2010 2012 —
HHB ¥R Biological locust 2001 1.89 2017 2021 ——
=yl Y% Upper reaches of Heihe river 2011 1.73 2011 2012 -
B A F Landform factor 2011 1.73 2011 2012 —
FB#Z 1L Qilian mountains 2008 1.68 2008 2013 S ——
A Grazing 1995 166 2017 2019 —
HZE it Geostatistics 2012 1.58 2012 2013 -
A4 Niche 2013 1.49 2013 2015 S e—
B 1E 54K Genetic differentiation 2013 1.35 2013 2016 =
EiJH Grassland 1995 1.35 1995 2004 ——
L FEME Diversity 2000 1.31 2013 2014 a——
WiskE %+ Habitat selection 1995 1.30 1995 1998  n—
BEKZ5H Community structure 2013 1.30 2013 2015 e—
W HFEYE Locust community 2000 1.20 2000 2001 -
BALEH Degraded grassland 2005 1.15 2005 2008 —
HAR1E Ecological threshold 2005 1.13 2005 2009 —
HER Gene flow 2013 112 2013 2014 D ——
e FFH Dominant species 2013 1.12 2013 2014 —
FAHT Cluster analysis 2013 1.12 2013 2014 —
FMEEH Landscape structure 2016 1.08 2016 2019 —
28 [E] 45 H Spatial structure 2012 1.05 2012 2013 —
TP E 3£ Plant nutrition 2019 1.04 2019 2021 S
& +E#R Control index 2004 1.03 2004 2008  e——
AL Edge effect 2001 1.03 2007 2011 —— —

B ;AR SCRE TP SEBR OCHETA 5 AF : SEBUOCHETASS 1 U B4R s SRR L OCHRER] 5 | P A % A otk B B U
s W OB RIOCHEA R IA ], i (2 BOBR SR 2 G SR RREE I (Rl 5 21 2 B OCSER N 7 AR5
PN REE BT I B KAk BE . IR R BURT BE . Key word: Actual terms used in the authors’ articles; year: the
year when the keyword first exhibited a citation burst; burst strength: the strength or degree of the citation burst or sudden in-
crease in references for the keyword; blue lines: the starting time of the keyword, the longer the blue segment, the longer the
duration of that keyword; red lines: the specific ephemeral stages at which the keyword became a hotspot of academic re-
search; grey lines: the periods when the keyword does not appear.
1 BT CNKIHIEER 1995—2023 F 5t A IR AR 202 R R T R BB HR &5 1A 2 i 4 5K STk Y
5| A& SR ZUAYET 25 1 X 51A
Fig. 1 Top 25 keywords with the strongest citation bursts of impacts of grassland fragmentation on the grasshopper

outbreak and diversity of natural enemy insects from 1995 to 2023 based on CNKI database

H 1983 4, [ = T dnxt b A e e d. AOCEERZ, 201 84F A SCREIRE, Z E TR (E 2).
SIS R R R RFR R M Z R TN 2.2 ESMIRREE S
2000 4 ARTARE &K SCRAR D AFES R CRIRT LR, 2201 X4EEEASHER
2000 4 UG & SCH BB AE R Inry e, 2010 4E A2 4 19794F1 1 H—2024 43 J1 20 H 4N T 5L
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b AR A S O L T R A RO T B S R R MR )
BFTE PR S B R R R S HE 2 S AT A 25 AR BG
S0 B H A R R S R
WG S RGNS W R AT 2R
RN VN N Y/E 2 RS N T (A ST N
A LGRS AT R T )

[l
)

£ R CE Annual published literatures
< —_ N w = W [« ~ =] el

VAR A IREE TR Y R A BRAE L
(E13). FAE 1998 4F, AW Mgl F A, B H
B A S B B B i, A 3.28,2020—2024 4F %R Y
5| P | TR e 23 A R AR K — BB 1] (R AF 5T 4
TR H R A R b R AR R
P i R K 2 A BEH AT AR ST B (B 3)

B2 BT CNKIHIREER 1983—2023 FEMA S IE R K X R RS HFEZMBXIHRNELLE

Fig. 2 Annual published literatures of impacts of grassland fragmentation on the grasshopper outbreak and

diversity of natural enemy insects from 1983 to 2023 based on CNKI database

H 1994 45, [ SRR T IS F b A S ik Ak
Xof it Ty 5 T e R B, L 22 R 5 i A DG 1 SR, (H
1997 4 LRI AR & SC R 38 R SCEAL T 14,
2000 4 LAUJF 47 J SC R S ATBE N 45, 2008 4F 5
AR R SCHH R FFTERR Rk, Forh 2022 4 2 47 R SC
2 (F14) , 2 U0 o b AE S5 i e A b 5 | 1) e o,
T R e KT B L 2 A 5 e A R B R, EL
A B R R R AR SR AR b 5 R
222 HREALFHRIASNLER

A6 YN 2 EIFNRRIN A 2k B AR
FEEFE R0 A S ey, o R A S e % 15
IS 2, IR IS 3, R SCH 43l 104 .81 Fil46 F o P
] ) S JR AR 70, 2408 (1)
3 BN F R RELREERE

PIRSE TR UEA N AR S T T4k
A FAEY LS8 R SE T , Jel b AR AR B
iE R (Andow, 1991 ; #I4R B2 55, 20205 2] 5 52 45,
2023) , ZHEAL B 2 Rt 25 5 e LSS BE
P S B RS S5 AT Oy, de A BRI 25 A 1 3
DL b , R R B AR A 175 it o R TR TR S R A 34

S R AL BT AR B S A AR Ak, R 0
TR R B XU o GNP R S5 S A M S 1 1
FEL R A ™ B IR, S 0 e 0 R R (PR A,
20105 #3CHEAF,2013) o 55, FOHBRHE (L 23 5 0
Wy RE Y B S, 75 5 5 B0 A AR Ry R b X
PRI TR K, 5 28 1 AN n] 33 (118 2 (Despland et
al.,2004; Zhao et al.,2020), AIXIZER (20005 245
SRR & L, AR b B b B B IR 5, A S5 i B
E RN AT A TR, 2 T s BCbR R b 5 bR e o
[N RA a4 S5 e I A S I ) Ly NG R ]
oA EAINEE .. 5=, WAL — 2B R T A
BEny i im AR e, B 55 T A AR BRI BE , X LR
AR B T 1 i rh 7 S S DX g A 2 2 XU o
T — S 5 B TCBORT T B ™ E AR b DX R A A o
P 2 (Rosch et al., 2013 ; Guan et al., 2021 ; Rios et
al.,2022),

KIILIK A HOE 5 X BRI R &2 4%, B L
N R RN BE RO R X A S NE S5 , 2 2 R 8K
(BRATIBAE,2007) , PR AEAR ST s X AB 2 2 7K
T PRI | T B M R A AT RE LK TR
85 F AR BRI 5 2K, — 7 TS HURE 25 ) 1



992 iR/ B A= S 1 514

JEAS 1 i PR B A, 5B A DX I, g — 7 THI 46 /N
HOF PR R BRI I s o (%) 3 Bl R, 3
KT HIEHE (Ma et al., 2012; Cease et al., 2015;
Wang et al., 2020) . U1 2020 4F V0 ELME Schistocerca
gregaria £ B IEHTHUR BN 2 & (05 S hr A 1l ik
1) i TR AR A A5 Ry BRI VD VM R AR 2 R B AL
TELWNARREE, R, KRR E R AR L
(Liu et al.,2021) . &b, RHBIRARAL 25 5 B0 Al
B AT AT E) B T GRS S R IR AL = Xt

A7 X i (Cojoc et al.,2016; Yan et al.,2022) , X} F—
S B, SR IR A T RE S e A TR T A
B AR E T AT, AT R R R dnk
{5 o 5 R B kb R Ak T A B Hb A VR K R A5
(Richards et al.,2009; 2 B {4 ,2021) & A i R 4E
T AT 8 RECA W R R RIASEAT Bl i 28 o5, ST F 30
Hin st b 52 % (T 45,2014 Shi et al., 2018 ; B i &
45,2022)

R FORIEE FFIRES SRENR 1994—2024
Key word Year Strength Begin year End year

H3#H Orthoptera 2002 3.28 2020 2024 —
5 B 5 & Habitat quality 2020 3.03 2020 2024 E—
+HFIF Land use 2016 2.50 2020 2024 e
YL FEMEARDY Biodiversity conservation 2020 2.41 2020 2024 —
T B Responses 2009 2.16 2020 2024 —
%Ak Climate change 2009 213 2020 2023 —
K44 Extinction 1999 2,12 1999 2007  s———
L Dispersal 2005 2.12 2005 2009 —
S Landscape 2010 2.07 2020 2021 ——
A1k Assemblages 2008 2.06 2010 2013 o
27 Dynamics 2002 1.99 2002 2000 s——————
L EM Agricultural landscapes 2006 1.99 2014 2017 A—
FHPIIE Pest control 2014 190 2014 2017 —
40 Plant 2012 1.89 2012 2015 ==
ZRMK Forest 2000  1.88 2018 2021 e
ML FEMETE SR Biodiversity loss 2017 1.87 2017 2021 s
18R} Acrididae 2004  1.84 2012 2015 —
B RGMSS Ecosystem services 2016 1.80 2016 2017 =
F & ¥ Richness 2016  1.80 2016 2017 —
LMVFRIE R Agri-environment scheme 2011 1.77 2011 2013 —
HHEAY. Fragmentation 2001 1.75 2008 2011 —
ZE@E M Connectivity 2014 1.75 2014 2019 _
ML FEME Biodiversity 1998  1.64 2016 2017 —
£ %5 Brood parasitism 2009 1.62 2020 2024 —
AFRAFM Global change 1999 1.52 2020 2021 P —

A VR SCE R SERR ICHE T A7 SEIOCHRISE 1 U BLAAE s BRSO R] 5 FH A 2 ot B i T R
By WAL REIOCHR AR IR ], 5 4k BolK SRR 2O R S A R 5 202k B JCHR I B AR S
POE R E T B Bk BE . JCEEIRE R BIAT BE . Key word: Actual terms used in the authors’ articles; year: the

year when the keyword first exhibited a citation burst; burst strength: the strength or degree of the citation burst or sudden in-

crease in references for the keyword; blue lines: the starting time of the keyword, the longer the blue segment, the longer the

duration of that keyword; red lines: the specific ephemeral stages at which the keyword became a hotspot of academic re-

search; grey lines: the periods when the keyword does not appear.

B3 ETRFSIXHST REIBEER 1994—2024 FEM A SRR IIE R R K X R R & R85 STk

5| FER SR ZUAY AT 25 > K R

Fig. 3 Top 25 keywords with the strongest citation bursts of impacts of grassland fragmentation on the grasshopper
outbreak and diversity of natural enemy insects from 1994 to 2024 based on SCI-EXPANDED database
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IR R E Time of publication

B4 ETRFSIXRT REIEER 1994—2024 FEMABHRUIMS AR XY E R SHEZMEX RN ELXE
Fig. 4 Annual published literatures of impacts of grassland fragmentation on the grasshopper outbreak and diversity of
natural enemy insects from 1994 to 2024 based on SCI-EXPANDED database

R1 19942024 FEM A TWAF U ITIER R L R RBE RS HERIA Z X ERT 10 A E R

Table 1 Top ten countries by the number of publications on impacts of grassland fragmentation on of

grasshopper outbreak and the diversity of natural enemy insects from 1994 to 2024

J#'5 Serial number K Country M Continent J% S No. of publications
1 5% [ United States 4L North America 104
2 15[# Germany KR Europe 81
3 5 [# France KR Europe 46
4 i1 Switzerland KR Europe 37
5 B KA Ttaly WK Europe 33
6 ) 2F F] Hungary WK Europe 27
7 1% China Y Asia 24
8 -l South Africa JEV Africa 24
9 #i[# United Kingdom XM Europe 21

10 PR F] Austria R Europe 18
11 H 52 Czech Republic K Europe 18
12 HoAth = R AL IX Other countries and regions HAl K Other continents 93

4 EMERFELIF A ME AR R R S
PR RHEERE

IR F A E AR R e R,
R H R R ) R R, R
B (Umbers et al., 2015; Zhang et al.,2024) , H. " %
LR W HOS IR B AR AR AR SRR, WAE AR
TR T B E 555 7R P Fh (Lovei & Sunderland,
1996 ; Wei et al.,2020) . 5 it 27 A= P K B 24045
— SO e O 0 R A OF TF A 0 St B AF R R
(Thomas, 1999; Dangerfield et al., 2001) , ‘& i 174 V4

7 L PR N ] L R U Ty T R $E A A
(TR IR AE,2021) o AIEHERRAL 22 il &3 R
K EE VEAE &R 5% ) M (Kruess & Tscharntke,
1994 ) , M98 55 T HON 3 H 8 il 294 1T, 7 4
AR kB AT e (5K 7k A=, 20185 Landis et al.,
2000) o T LAY R i A B A U R i A B A R AL
TR E v, T S0 i e 50 20 H Y 22 R e
A BT R E 2 22 RE A I AR B A
P25 T R RS RN 2 bl NSRS L 5 T 25
FH GG JEL PR P 3 2 , R T S ) 1 25 PR ) 2 R
(Wei et al.,2020) ., It4h, Collinge(2000) % FR , 7EM
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A ™ B A AR B v, R R OO e i AR R
% LI R AT g2, B AR I AR 35 0 1R R S it
R RS I W R 2 1T 1 K R HR A 2K
AN 352 B PR

A BERN TR A AN AU PR 5 b P 3 28242, i L35 K
TR A A= 355 () 1) Jo i 25 S, 32 T 52 i - 88 o o I
¢ 45 ¥4 % (Wiegand et al., 2005; Mortelliti et al.,
20105 Ye et al., 2013) , ik SE P45 {0 1 0] GE 2352 1
R A A B 25 . b ARSI i Anas-
toechus chinensis FISERESEF Mylabris calida 4)) 1]
s g O B AR B, P 38 A
FEACAE ) A5 15 10 R R A A A A B A A 5 T
5 2 B ¥4 12 B B Y (Thomas, 1999; ) 7 45
2021) 5 ZEAb SERB B B iy AN ARAS /N R 32 4y
AR TE B A 35 TR R i B g ) T AR R M
A AE ST A b L AR A AR B AT SR R Y
Py K4 A5 (Stapp, 1997) , BRIIL il 3 A4 A1
ST AR B S5 KR AR 58 2 B A e
P37 i LA s R R A Bl ie . AR IA
SR - B AR W A R, TN R R e AR VR A
fi % (Kiesewetter & Afkhami, 2021; Zhou et al.,
2023). Rosenheim(1998) 5 T4 H 4 (1999)
ST R, P SRR 2 i Sk S 5 R
5 B R B AR FH 2 AP R e B X it ey 97 4
Ho LR EFTIR, AR BRI G B R EOA VAR
XA [R] IR 0 1) 5% M e B SR AN R ) , i R R T
RGO 190 45 1 i 7 3 3 R e Ak ) A B 2 A
5 RE

H AT OC TR b e K R R A 2o oy AR 5
WAL AT A PR, AH DG 54T/ i . R
KR 22 A BRBERON, , BLIE 4 o FERE b AR B
WAL S, KR R S5 R CR AT RES &
A BN, e R R S IR e S
SN B PR B A AR RS A, DA S e A B R
& S AR E TR, A2 AR R G
(van Emden & Williams, 1974;Rusch et al.,2010)

AESE A AR BAT W B L
(K25, 2017; 30 ,2020) o i 4§ b A= 355 1
SERCE AR E M, N Tl A B KRR s KR
A8 TR T8 FORE R 2 AR PRI 2 W2 Sl
PR IR S P B RN P A R RS AR
I BORE AR . AR TT 2R AT,
Gnefim ik A PR A AR S PR M0 A T R

AR S RGN A W 2 R DT 0 s et sy
BN o AT DA AR B A MK 5 AR B e
T4 22 T REAE Bl A T 7 3 et iy, il 4, 5 g R
Cnidium monnieri “FAHY FH T W5 | B B0 DL K £
F i S5 4 £ M R B (B JR 55, 20185 Zhang et al.,
2022) . (HELRIEYE S I HE YIS G 1 b o A, ety
A Hb BN R L A G S M R R R L
FE o W TABSHE X, R BT X s o S R A
) A 258 52 R i , SR A AR A G 2
P ST AR SRR AT, DI S o b A 25 AR e A T 4
2 K R A VG PR H AR (Clough et al., 2005) .

S S AR A TR B R R B RS O b
AT PR, E AR s (R A B AL SRR A 2
ARG OR R 25 0] BA T 22 (6] A B 22 AN EL B, REUR -4
25 AT SOV RB R A P e I A [ B o DR 2 i) 3
A HEAT O TC B, (A 5 A 358 o B R A i 25
(A JRy , 1 R BIORT e L P 428 1 RS 5 L m e R o A=
BRI A8 SIS A SR Z R D A Y £
REMERNA S R GoRa e , A BRI A4S B 2 b A 155, 448
TN B K 5 RO S R B 1 A B R S
R i R ROR I (0% = B R AR, DT 38 5 o)
M A R T 5 PR AR R R AN A
ANT) 2 () RUBE v RE 23 7= A AN R B RCR , BT LIS %
JERL AR AR ) 23 (] RUEE (Wed et al.,2020) .
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