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Abstract: To clarify the potential suitable habitats of Moroccan locust Dociostaurus maroccanus,
which was first recorded in June 2025 in Huocheng County, Ili Kazakh Autonomous Prefecture, Xinji-
ang Uygur Autonomous Region (hereafter Xinjiang), global occurrence data and environmental vari-
ables were used to predict its potential distribution in Xinjiang using the MaxEnt model under current

climatic conditions and three future climate scenarios, namely SSP126 (low forcing), SSP245 (moderate
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forcing), and SSP585 (high forcing). The results showed that annual mean temperature, isothermality,
minimum temperature of coldest month, mean temperature the driest quarter, mean temperature of the
coldest quarter, precipitation of the warmest quarter, land cover classification system, and elevation
were the key environmental variables affecting the distribution of D. maroccanus. Under current cli-
matic conditions, potential suitable habitats of D. maroccanus were distributed throughout Xinjiang,
with a total area of 80.98x10* km?* accounting for 48.78% of the total area of Xinjiang. High suitable
areas were predominantly located in the Ili Kazakh Autonomous Prefecture. By 2061—2080, the poten-
tial suitable habitats of D. maroccanus in Xinjiang are projected to expand outward overall, and the area
of highly suitable habitats is expected to increase by 85.71%, 181.95%, and 224.44% under SSP126,
SSP245, and SSP585 scenarios, respectively. These studies indicate that the risk of establishment of D.
maroccanus in Xinjiang, China, is extremely high, and a scientific and efficient early warning, monitor-
ing, and risk management system is urgently needed.

Key words: Dociostaurus maroccanus; Xinjiang; MaxEnt model; potential suitable habitat; climate

change

JEE V& BY R 80 Dociostaurus maroccanus J& B B
TR ) 320 W ) i SO T Dociostaurus , 53 A DX I P4
BRI R VG 7 By G OO FIRE & | SH 7 B ) SiE A 3 2
B 4 I B S 3T RN B & VT (FAO, 2023) o %8 HUFE
JCAERI Y [ G R K, CCA R R ) B
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A BT SOITIE | B %00 O T AR T R
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2020 4F, Iy 15% e 30 HH i 50 b DX 7 VR 2 B 9% R ik 8L
WA, L R S R I VT A R S b e o A
iL> X (https://m.mofcom. gov.cn/article/i/jyjl/e/202005/
20200502967818.shtml) . 2023 4F- B 3% 1 5k £ 8 7
W B v ST I AR 8 2, 32 KT AL 161 7 hm?,
2 [E AR 59% , 7 ET s W X R AR A L
1 500 hm? 4 VEY) 52 % (https:/news.qq.com/rain/a/
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IR AR T 38 B A AR AR A 5 B0 21458 (Song,
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£725~30 km, B4R BB AT € 70~100 km, FRt
1] 34 200 km (Guerrero et al.,2017; 254 51 45,2025) .
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VU AR CAR TP E (224 L4 ,2026) . PRI, BH A
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rection, AICc) (Sugiura, 1978) >k ¥ fifi £ 7 P fig |
ALCc B8/ NR IR A 5 B8 1 4005 R BB sy
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X (0.000<P<0.042) fiLid A4E X (0.042<P<0.125) .t
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FEIX, 240.10<95% CI<0.30 I 25 A1 5E X, Y4
95% CI>0.30 I > E ANl i€ X (Gervasi et al., 2024) ,
B5595% CLEZ AL,
1.2.7 BEBFHREIEHE S A R TS
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T BF R SO P AR TS AR DX T

JEE 65 B w SR VR A 3 A XTI AR AR 1) 10 YR
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PR ) T A5 R A, T FH T 9 R R SO v A A
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M 13%Z & With only variable [ J5i%2E & Without the variable [l 4528 & With all variables
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LCCS

438 All

00 0.5 10 15 20 25 3.0
IERAL I S51E 23 Regularized training gain
bio01 : 4FF-HJ /il 5 bio02 : H -2 B 01 2 s bio03 : S5 IR s bio04: I Z= 15 PEAE 1K 5 bio0S : 4 H 5 55 1L 5 bio06 : £ H H 1%
i s bio07 : AR AE AL s bio08 : d 2= 15 44 il s bio09 : Fie T2 45 V- Bk s bio 10 S A= T P44 il s bio 11 : FIS TP
P s bio1 2 AFFR7K B s biol 3 : il F B 7K dk s bio 14 Jie T Bk &k s biob 15 : Bk 2R 15284k s bio 16 : FieiB = 15 WK &t 5 biol 7:
B T 2B R 7K B 5 biol8: i B 7 T B K 4t 5 biol9: fic ¥ ZERE /K it s LCCS: LRI JH 26 7 s elev: ¥ 4K o bio01: Annual mean
temperature; bio02: mean diurnal range (mean of monthly max-min temperature); bio03: isothermality; bio04: temperature

AR Environmental variable

seasonality; bio05: maximum temperature of the warmest month; bio06: minimum temperature of the coldest month; bio07:
temperature annual range; bio08: mean temperature of the wettest quarter; bio09: mean temperature of the driest quarter; biol0:
mean temperature of the warmest quarter; bioll: mean temperature of the coldest quarter; biol2: annual precipitation; biol3:
precipitation of the wettest month; biol4: precipitation of the driest month; biol5: precipitation seasonality; biol6: precipitation of
the wettest quarter; biol7: precipitation of the driest quarter; biol8: precipitation of the warmest quarter; biol9: precipitation of the
coldest quarter; LCCS: land cover classification system; elev: elevation.

E1 EFES TR EENERTRIEL FRMNEEY

Fig. 1 Importance of environmental variables influencing the distribution of Dociostaurus maroccanus based on the jackknife test
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FEYFIME SRR BRI RF ik SO v EaE A
DX FE BT A5 M A5 b X o A (TR 4) , TR
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WA X A AE S W B vl T H Y v R
RURE B v FLYA M, AL FE BT i 28 b X 3B 3k X 1K
PERLZE I AR AR T 1T A8 b X, TR 2.66%
104 km? (1), 20 558 8 B i ALY 1.60% ; Hid A X

THIFUR 8.52x10* km?* (6 1), 24 it s i ARG 5.13 %,
BT A 9 T A 2 DX P L A S X G |
RIS RSt B YA PES B T AR e A X R
5 R Pl DX PG A 2 S8 5 1y IR M AR LS S IR
1 A XA AT ARSI, TH AR 69.80%10* km?
(1), 29,558 S FRAY 42.05% , F0 35 BT ih 22 i X
I IX RIS RS AR M T T A X
Fnt 2117 809% LA b X 5 HAs XIS ARG A X, 1hT
B 85.02x10% km* (2 1), 2 5 B Sl i ARAY 51.22%.
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Fig. 2 Effects of eight key environmental variables on habitat suitability of Dociostaurus maroccanus
104 232 ARAEHEFTERETELEABLEELR
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B i PRI DR TR LA/ (LA S0 X 5 e
2 06 AR AR b, HPIE A X 5 R A X T, 955
305. B FHAUCH S A= DX 72 Sy i A IX R @5 3 £ IX . 7% SSP126
Mean A S \ o =
B 4. sy AR\ 2021—2040 4FFE Vi B B LU A HT AR
T 0.3 4 Standard deviation VRIS A X S A R 81.65%10* km? (£ 1), Fb 41y
02 . W FEYLR = i A2 : » ;
- Random prediction W’ﬂ;ﬁkﬂi/ﬁ:—l: E(J AE’\E*HiE JLQT 0.83%, ;H\:EF‘ EPJEQEIX
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14574 1-specificity

B3 MaxEntEZ T E ST HAUSBEEERKN
ROC £ % AUCTE
Fig. 3 ROC curves and AUC values of the MaxEnt model
for predicting the potential suitable habitats of

Dociostaurus maroccanus
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HES: GSH(2026) 06315
[ 19e@&4 X Unsuitable area
[ M&ELEX Low suitability area
[ #FEAX Moderate suitability area
Il &4 X High suitability area

* AR Invasion point

4 HEISIREH TERTRIRERBNEEEEX

Fig. 4 Potential suitable habitats of Dociostaurus maroccanus in Xinjiang under current climatic conditions

R1 HAMARSBEG TESTROUEEFTBNEEESERER

Table 1 Area of potential suitable habitats of Dociostaurus maroccanus in Xinjiang under current and future climate scenarios

x10* km?
R IE it IEiE 2 B PG A X

Climate scenario Time Unsuitable area  Low suitability area ~ Moderate suitability area  High suitability area

AT 85.02 69.80 8.52 2.66

Under current climatic condition

SSP126 2021—2040 84.34 68.30 9.49 3.86
2041—2060 80.44 68.06 12.37 5.12
2061—2080 79.05 70.24 11.78 4.94

SSP245 2021—2040 82.52 69.21 10.18 4.08
2041—2060 83.03 62.75 11.86 8.36
2061—2080 79.94 66.24 12.32 7.50

SSP585 2021—2040 82.23 68.55 10.59 4.64
2041—2060 79.14 68.92 11.77 6.17
2061—2080 79.77 65.90 11.70 8.63

1E SSP245 S it 5t 1, 2021—2040 4 . 2041—
2060 4F-,2061—2080 4[5 1% B 1k SUHE A9 7 F A A X
SIS h 83.47x10%,82.97x10°F1 86.06x10° km?
(1), EdAE XA 2021—20404F 204 1—20604F
2061—20804F4H MRS T 43 T 53.38%,
214.29% F11181.95%. A5 1T , £ SSP585 A i
T RV AE R SO ) R A X R R v AR R AL
B A (S .

1E SSP585 S At 5 1, 2021—2040 4 . 2041—

2060 4F-F12061—2080 41 B8 1 B ik SOM T A3 A X
M)A 83.78%10.86.86x 10*F186.23%10* km?,
BOMATARESAE T3 T 3.46% .7.26% F16.48%
(FR D). Hrr, didi A X THBAE 2021—20404F 204 1—
2060 41 2061—2080 44 M /i S 554 T 0 1l 18
KT 24.30% .38.15% F137.32% , 1253 A= 18 FH 3 591) 1
KT 74.44% 131.95% F1 224.44%, FAKS>¥T , 1E
SSP585 A 5t T, JBE I B B AU A ey i AE X F2 2
P TE R P AL X S (& 5) o
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HES: GSHE(2026)06315 [ 1IEEEKX

Unsuitable area

A, D, G:2021—2040; B, E, H: 2041—2060; C, F, I: 2061—2080.

CREAX

Low suitability area

B EEAX
High suitability area

B iEEX

Moderate suitability area

5 HRRSIEIESR SSP126(A~C) .SSP245(D~F) F1 SSP585(G~1) FEE GBI ek SIS EFTBMB TEIE £ R
Fig. 5 Potential suitable habitats of Dociostaurus maroccanus in Xinjiang under future climatic scenarios
SSP126 (A-C), SSP245 (D-F), and SSP585 (G-I)

24 ERIHSIEEHERNE RS IEHIE

2025 4 BE 1% B ik S0 TR R IR B IR AR S
Bl V% A6 A BT BT E MaxEnt 45 50 T30 (14 25 13 A= X0
Bl (T 4) 3 25 (8] b B OUE S T AR BiF 5% Jr 4t
MaxEnt £ 75 S (4 45 %0PE | FBHRTRL e i i iR
S91) S JEE % A 5k SO PR A ) A AR RS DX
2.5 FEEGEIERSUEiEIE & XM AT E IR

ANiff 7 M A3 B 5 AL SR T TR I R R S0 F K
RFRIEERE BRI AETT g (K 6) .
oA e S 3 B A B AR AR < OB A X
TS HAT, T ARIE 157.61x10* km?, 24 5 35 55 1 A
1 94.95% ; v 55 AN XA 1D AR o OB 8 S TR AR Y
4.88% , T B 530 A M2 (B AR SRl A, S v e

T AR DN I IR IX. RS BYA M B
DL SR 3 DX 5 g AN A X o Al A B A o e
TR 0.18% .
2.6 ARSBETEETHRIBEEXTEIEFEL
PEA R AR AN 52 T, BT B il SO 7 it
VeI A X R B R TR A A A A S (T 7)o 7EAIR
SR EE SSP126 T, 31 2061—20804F , BE 18 R wk it
TEFTR A AL XY 5K X AR 10.07x10* km?, i
A5 DX TR 4.27x 10% km?, 3 A= X 11 FRASS 24 1A A
S TIGK T 7.38%, TEHPIRIANE 5 SSP245 T, JEE
T8 F SR S0 A T R A A A DX DX R
16.51x10* km?, i 45 IX 1 B2k 12.20%10* km?, £ 5
SR 3E [ 5t SSPS85 T, BRI B i SU M AE BT SR A T R I
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A XA 5K X TR AR R 17.82x10% km?, W 45 X T £
12.88x10* km?, F= 242 FRFE g vl X e, S IX T

HES: GSH (2026) 06315
[ 195% CI<0.10

[ 0.10<95% C1<0.30
B 959 C7>0.30

CI: #{5IX[a], CI: Confidence interval.
6 ERIFHASEEEERMNAHEESEERE

Fig. 6 Spatial pattern of uncertainty in the prediction of potential suitable habitats for Dociostaurus maroccanus

A 65.39x10% km?, 763X 3 Fil 5 T, BE IS RF Bk 2
TELPE T 5 A VR A A DX AR B ) SN R g R A

REAEKX

Unsuitable area

HES: GSH (2026) 06315

B 5kX

Expansion area

L Riee

Contraction area

O X

Stabilization area

E7 2061—2080 £ RS &E B = SSP126(A) .SSP245(B)F1SSP585(C) FEE R & sl g B B A B AR T ER BN I

Fig. 7 Projected changes in the spatial patterns of potential suitable habitats of Dociostaurus maroccanus in Xinjiang
during 2061—2080 under future climate scenarios SSP126 (A), SSP245 (B), and SSP585 (C)

3 it

AHE 52 ) FH MaxEnt 52 B9 F0I 1 Y {5 A1 A RS
oA T B I A S SR A m I A AR X, R
HAEH A M A M I A oA, HAEARSK 3 Fh < f
5 SSP126,SSP245 . SSP585 T i A X 5 i A=
X TR G R 3 A T YA B A2 R OR 5

M S H AR e T PR R S
TV e BR 2 B K VAR bR FH 26
SN EE VB RSO S A B OCRENR A , EE KR
TR IEAL L AR B Bl e A S R
HORIRE . MaxEnt BRI 4 BE Y- B dk S0E AR
RG] M -106.8~19.6 m F1495.1~1 351.0 m, i%
5 Latchininsky (2013) I i s JBE 3 B 5k S0 35 AR
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FEIREE A 400~1 200 m A9 55 1728 b o 1 — 3K
AHFSE & 495.1~1 351.0 m ¥4k X [1] 2 B8 1% A
SO FIAZ O3 A X, T —106.8~19.6 m AR 4K X %,
AIREAC R T H ) R A8 ) B T A A i Y
PEMG B, 7R 5 T, Khairov et al. (2024)ifF5% &
RS % T il S0 A AE T RS R T
WA 5 AR Y SIRAE 13.2~17.6 °C 22 ), Wl <A
40.1~44.0 CZi] o AMFFETIMEE R IR | B Bk
SUMETE B A AR YRR (9.7~17.1 C) M2 H
H IR (=9.9~4.0 °C) LR FE 1T HA RS R RS
Tiif FER R, 1 A AP A 4 S (30.2~39.0) U s e
FOX R B 2 PR 22 A KA 38 1 o R O
B S PR AR A S, AN R 5 S 7R 12 T JBE 1% R e 0 A A
1) B 2 2= 99 [ 7K & A (11.3~107.0 mm) , X 5
Latchininsky (2013 ) {2 53 [ 18 ‘FLEE % B ik 2008 A= £
(R AE B 7K 4 300~500 mm AW 4, 33k FE (6] ENSIE 1
JEE % B il SOM R A AP ZERE K SE D R B T
SRR, A SR A T A A
Ko, NI HAE T 2 E B AEA A fEH
FIFH 5 18], A58 45 5 3 WA BAT 9k (78 25 <15%)
JEJEE 1% Bk SUIEE B Y 323X 5 Song (2011)
FI Klein et al.(2022) A #R 85 9 L EREH-5 AR /Y
T DA JEE U B R SO A A I E FAE B RS R .
s B 1) AL 7 B TR T A e A Y BE Y B b T 3
AR WL ) AR TR B T 3 i, TR AR T
STLNE 110N S W 1 W el 179 1 I 6 R
7T 50K 2 JEE 5% i B S WG T 5K R AR
1o AT R AR SRS T, BV AF RR AU T
TEIE AR T AREG R, ELTE S S5 0imaE 1% 5t SSP585 T i
T A XY SR AR TR

M % o 07 3H 58 P W o A Fh S 3K 270 2 A
(Nasiyev et al.,2015) , IV &2 Locusta migrato-
ria migratoria .3 KFE Calliptamus italicus FEE I
B 8 20 % A e oA ™ B (Toleubayeyv et al., 2007) o
S B ST AL T R TR X, B KB A, 4
B AR PR 7K & 8 250 mm (Gagloeva, 2016) , 5%
e T B DT R o 1 R R T ALY 80% LA B WA %
S EDRT R, 7E A SR M A A SO
AR, (X354, 2017 ) , HEL iy pURA 6% o 330 P Ji 42
YR H L i 5 SR BT i A e X . [ 20 42
8O AR AR , H5 30 158 1l X 2 A4 10 YOI Kl 25
BiEGE, Yu et al. (2020) FI B 3 A w20 I8 1 rh
T T Sk DX 0000 281) % ST R T R OR H T
5% 5 ST E IV B O (35 SR8 R S AT R EL AR i

) o 1999 4F | WG 5% 5 7 2H 7 I W & A T FHGR
22 J7 hm?, 25 24 Ml ik il R B9 28 T 40 2k (Azhbenow
etal.,2015) , NG % S 30730 5 TCE A v (180 i 1) 37
PHRIE 25 Y W Bl ™ A 2R B R (RE 3 R R
/N L,2014) o H AT, DR R C YN s A
WEL PR A S, 5 TR U B RS E A B O BT R
Xof e s R A BT T R . T AR R
Grim Al 1R IR R R SCIE PR A DX T A s [A] AN
A, SEEL T RS A EN R A AR Bl A R A ]
fE7 TS X il A AN E X, AT AR AL 4
IR B W X8 5 X e i A - R AN E X, T 4
3 R AN s [ 8 A SR 5 AT 80 5 X T e AN
FE X, Teve i A PR I, A SRR O W e DX
SRR AR S R A T IR
WS 2K 5B B (1 46 ,2015) , E I Af ik 80
BB MR HURE 17,2025 4F 6 A TE iR BT &
IRLJEE Ve AF SR SO A SR, Y B3k 5 e B B fil 2t
] A RN 28 % 1 ™ EE S e A B SR T 2 SR R
WY, JBE Y% R s BSOS A TE T SR — A0, A A
b XA A Vs AR A A DR THT I AR RUBS: o e 512
T EH Hb DY A2 B AR il A X, i
FEAE BN ZEIE Bh el [ AR e A2 X, R e T
JER () A SR AN 5 HE Bl 5 2R 2 6 S M AR Ol
A7 R AR S R GUA L UM . AN S 1
MaxEnt 578 Az iR v AR A X oA (] R HE SR T
NIZEEA BT . AT SE N BE TG ARt
EL AR AU () 25 (Rl St TR nT AT IR . 5
W 5% S ST IR A v DR S AL 7 v [ IR M A
RSB Ay v 28 A X 3K R P S 28 W X 4% 5 T
Uy R AR TR AR . SR, PR AR
AR AZ A KIS 7 B4 . — 2 A SR 4K 50
7 R 2 M A R M T BT AR B UK
VER; R N S ALRE 23K 5 SRR 2))
W RN T2 T HAGRR IR 507 . R,
B NAR RS AT 10 T 5 A5 45 ] REPE I [F] 1
FHE S5 . BEYS BF ek SUE i3 TT [ A PR, 7645
il B APPSR BE OIS 0L, 075 GG B2 5e e
JEE V% RF SR B 2% AR O S HT R DT B A 15 i . %k
JEE 1% RF R SUIE 9 B ¥R 52 B fiR T 20 424, 1920—
1930 4F[1] , AR ER 175 TH R4 & B 1R 1% 35 HU F i fb
ARG B b2 B SR KR R AT R A
JEFT S A FL Y . AW IR RO 21 AL
F B, &0 F LB W Metarhizium anisopliae BR
i B 1§ Beauveria bassiana %595 E e WL
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FH (24 L4 ,2025) o RIS, R R SAGHFA T4 o Je
U EL RS 7, S e 75 e i AR 54 £ B Y KL
LB IE S 2 T O H B B A Y DG B DR 2R AR
i N TR B A4 S Sturnus roseus 2 [FAR G H
GO, TEAR T I 5 3 R U T R AR
RHOR CREE S, 2021)

Wy B AL S A K R A R R
JFE o vb e DA SRR LR 4 22 R 25 i i (S
TLA5,2020) o ANFE R A TIREE IR ROC
SEREE R WIPAE N T B B i SR A i v
PEIEAE DX o SR i — 2D AR P AR Y A o B P
55 HIVE, RS oY R T OB Y IR A A )
Mk o A, A58 R ) MaxEnt £ AU Ry B —
Py o A AR VE R R4, AR AT 4R i Biomod2 - 5
HR R Z2 AP AR U GLM  RF S8 R4 742 sl Fail , 38 1k 22
B LA 5735, A AR I B — AR A o 1, DA
MARAS HARRE A RE R P45 R
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