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Abstract; [ Aim] As a dominant species of indigenous locusts in Xinjiang, Sphingonotus coerulipes Uvarov requires enhanced moni-
toring, risk assessment and control capabilities within its highly suitable distribution regions. The results of this research provide a
solid foundation for the precise control measures of locusts, offering practical guidance for future prevention and control efforts.
[ Method] This study utilized MaxEnt model, ArcGIS software, and ENMTools et cetera. Based on 225 natural distribution points
and 11 environmental variables of Sphingonoius coerulipes, it predicted and analyzed the potential suitable distribution regions, domi-
nant environmental variables, ecological niche parameters, and centroid migration of Sphingonotus coerulipes in current and future
climate (SSP126, SSP245, SSP585). [ Result] This study found that; (1) The suitable distribution regions of S. coerulipes were
mainly concentrated in northern Xinjiang and the Kizilsu Kirgiz Autonomous Prefecture in southern Xinjiang. Highly suitable regions

include Altay Prefecture, Ili Kazakh Autonomous Prefecture, and Kizilsu Kirgiz Autonomous Prefecture. (2) Compared to the cur-
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rent climate scenario, suitable distribution regions of S. coerulipes were expected to decrease under the future climate scenario.
Theaverage reduction is 1% in the SSP126 scenario, 1.68% in the SSP245 scenario, 1.55% in the SSP585 scenario; (3) Dominant
climate factors affecting the distribution of Sphingonotus coerulipes include the highest temperature in the warmest month (bio5) , the
precipitation difference coefficient (biol5), and the average temperature in the warmest quarter (biol0). Under current climate
conditions, the ecological niche parameters suitable for the distribution of this species are: the highest temperature of the warmest
month ranging from 24-31°C , the precipitation difference coefficient less than 44.35, and the average temperature in the warmest
quarter ranging from 16.35-22.54°C ; (4) In the future climate scenarios, the centroid of S. coerulipes distribution remains in the
Tacheng area, but overall, it migrates towards the southwest. [ Conclusion] Currently and in the future, the highly suitable regions
of S. coerulipes in the Altay area constitutes a significant proportion of its total highly suitable regions. Relevant authorities can con-
duct on-site investigations of these suitable regions to achieve early warning, timely prevention and control, thereby reducing the
damage caused by locusts.

Key words: Sphingonotus coerulipes; MaxEnt model; suitable distribution regions; environmental variables; centroid migration

T ALk IV IR K o i, e e R S 4 A
= (RS 2015) , B 2 R AR Dy s A
SR AL T BHARIRIE (Wu et al.,2022) , 3R
BLIE X 22— WELRASAOG A 1 3 Ol i il 28
Vrfi IR T 85 AR 28 RS0Vl ( Zhang et al.
2019) , VTAEA, Bl fh 2 M X 35 3 b X A AL N £
ARG A FIA S P T 2 HLRP A5 22 Mk A= 8
(MG R I - B AR 3K 58 AR, 20215 K805 , 2020
TR3C,2018) o 2018 45, e 7Lyl A AE e A R iR
184x10* hm? , 1% AR I8/ D 2 35%10° kg, EHEEZUF
eIk 7 A0 (FRERE,2018) .

FHOCHFSE B | W R R 55 S 25 1 4% DI AH G
(Stige et al.,2007) , 4> BRGS0 23 0 i) o 3
A RO A PR R IR R ( FE R, 2021) , wERR R
W Sphingonotus coerulipes Uvarov , JHEH B} Oe-
dipodidae W W2 J& Sphingonotus , K Fic [ B Al &
J B M A SR (BRAR ,2017) | LRl T FRABT43)OF 5
HOLRN R 5= 55,2024) , FERCIX oS00 M £ s
28 OREAY s ERRE X, WS B R, REAK
HH W8 R B IR TS bR (MR 2 - BRPLPE I, 2015) , £ 0
BiAHEAR N 5~10 3k - m™2, FHEBREAE 20 & - m™?
DA B IR B e A X, oy o A S it A B 3 . 4
R FISIE =5 2% | BT 8 2 His DX Ao A FH o e o 20 i
fEFER T E, MO E R 12 3k - m™, P EH
AR SO A 7 R i AR AR IR B R

I KA (MaxEnt) B Steven Z57E 2004 451
WG| AN YFRA3AR X H | 2 R AT
HiyH A3 A5 T AR 22 — (Phillips et al.,2006) , %A%
FUFFM 25 ] 38 3 AreGIS B AFA: B S UL TR B 1) 35
AR A B T E RS A XA, e R R
5 TR 25 SR AR WA R SRS 1, %) L

FBis v EAT F B N A B (5 SCF5 55,2021 )

ﬂ[ﬁ? Iﬂ/ﬁfﬁ%ﬁ é:\ ( Intergovernmental Panel on
Climate Change, IPCC) 5 FLURIPAL 5 45 1, &8k
S A R L5 | # 1986—2005 4F, 3 2100 4F, 4
BRAEAEE T 0.3~4.5 °C (Alexander et al.,2013)
IRRARASWE A] fE 23 5 B R YIS B AT X kAR
Ak R, SR AR S ST, AR SCHET MaxEnt 52
UGG Ao AR AR 5 T 0 3 18 o 20 s 7 25 (1] 43
Ak JRy , BB A AH SEHLAG E T BB A A= W5 9 1) b IX il 5
W, Kbt e A PUE AR B, S A B 1 B A
Jiti, P A8 B L RS L i 32 A ) ML i 2R AR R i
IREEMEIR | izl A (b2 T B 3 TN = VE 4
RIS AR
1 #welEAEE
1.1 Fh 4y Fo E HE Sk iR & i ik

2022—2023 47X} 5 5k Bo] 5 28 b X 35 3k L IX
e 3 Bk s A A FAEY S A RS
AR ALIG % 58 H IR RN HE i DX BA] 5 95 L 1X | v
NIRRT IR S AR F IR S 3 b X L S 5l
H AN A 8 43 A w5 2. ENMTools T..H.,
H 2R B T e A% 9 T A B S A
I3 A 3 225 4,
1.2 INEHIRIREVALE R AR K5 1
1.2.1 FEBEFERREG AL E  FE Worldelim [ 2}
(http: // www. Worldclim. org/) T #& 4 7 1 £ 3k
(2041—2060 4= ,2061—2080 4=, 2081—2100 4) iy
19 NS B B g3k L, 73 B R 2.5 arc-mi-
nutes, A SR F G 3 T BCC-CSM2-MR 48k S,
T Z G AVEE , vE$E O, BRENAY 3 AT A4
LR Rl SSP126 ,SSP245  SSP585 3 Fif i S ik



- 174 - AW E Al (hE0)

Journal of Biosafety %34 %

FF43HT (Lu et al.,2021) . SSP126 (1) b5 #8368 78
2100 4EFASELE 2.6 W - m™2, R 7 U 28 A0 vk 3 I
S AR 5% 5 SSP245 1Y SR 5 38 7E 2100 4F-F2
SEFE 4.5 W+ m™ X o i & UM B A 1R A
53 SSP585 A E R i 5 38 7E 2100 4EXE M E] 8.5 W
- m ™ X IO T AR R e A SR S A b
SR ¥ 2 0 R R RS S Z (] A EK R | TR
T BRI AR M JE I, EL AR DL, S T 42 30T S PR
W (Kim et al.,2020) , 3R B S EcE Fnis 4k A
T FAZE ArcGIS FALTE , B 4L h MaxEnt £33 7
AT LU A< ASC.7 A%
122 MEMESH  ArcGIS HAHRBUS AR T, H
FH R A5 19 AN AEEE (A &, 78 171 =0.8 1)
S R b HEBR TR ZR B/ R 5 [T 6 BT
BRI T A TR T,
1.3 MaxEnt #E {46 & AR B FETE
1.3.1 MaxEnt #A k. “feature classes” (FC) Fl
“regularization multiplier” ( RM) J& MaxEnt & 7l £z
FEEMSH, A ] B34 5 MaxEnt A
B ME B0 PE ( Radosavljevic & Anderson, 2014) .
FCALE 5 MRS E . 2t (L) . kI (Q) \&ZH.
(P)  H BB (T) Fgk 4 Bt (H) (Phillips &
Dudik ,2008) , —f RM M 0.5~4.0 i34 & | [a] b
$90.5; FC A 4E“L” “LQ” “H” “LQH” “LQHP” Al
“LQHPT”6 Ff4 4 ( Xian et al.,2023) , 7F MaxEnt
PRI B R LR FC M RM (44
1.3.2 MAMEFAFHER KM EREURE S
HF 3 A MaxEnt #2835 B 75% 534 X 850808 T
BRI, 25% 5t FH TBAIA( Yan et al. ,2023)
1B AR B 500 WK, fr A XA ¢ Logistic”
“asc.” ,HH 10 IR (FRFFIAF,2021) , 817 MaxEnt
o BTN SE S-S A AreGIS AR HE 2 R RN Cal-
liptamus italicus (L.) (Z2FEE555,2017)  PHAA AP 18
Gomphocerus sibiricus (L.) (#2P5%,2016) \Phi &
W Locusta migratoria tibetensis Chen ( T 4 # %5,
2017) A3 A= DX A5 R0 43, W B 58 IX 43 Ry Al 2R IX
(0,0.06] AGiEA=1X(0.06,0.3] G4 1X(0.3,0.5] .
ENEEK (0.5,1.0], A ArcGIS HiHE T 350K
[R5 A X IR A TR (Hou et al. ,2023)

<k T A (area under the curve, AUC){HH W
FERDRS . 0.9 < AUC {EH<1.0, i 75;0.8 < AUC fH<
0.9, B 4f;0.7<AUC {£<0.8, —f#;0.6<AUC {f<0.7,

#.,0.5<AUC {8 <0.6, M ( FEZEZE A3 7 ,2023)

2 ZERESW
2.1 HEGAERELERIH

I FHAH DG 23 B R ok e PR R 7 3 1
A ALEE biol (AEYJIR) (bio2 (BRIEZEHIME) .
biod (L ZET ML) (bioS (fBE T M) |
bio6 (Hx ¥ H FAKIR) . biol0 ( &% B8 2= B 1R
FE) biold (F T HEFEKE) biol5 (FEKZERR
$0) \biol6 (IIBZEE /KL ) biol8 (e %
JKE) A elev (V4K ) . MaxEnt #5558 5 1 5 $0(H .
RM 5%0.5” ,FC #%#“L"“Q” “H” i IS5
B0, A7 (P 1) B AR (% 1) AUC [H¥ KT
0.95 AHEEHIM AT . PL ik G B A4 & T 1Ak
JE R MaxEnt A5 59 30 #4 J2 5 250 08 95 7 Hb B 53
MEE R HA B R R SEE

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

REPUZ Sensitivity

B AUCHI{fMean test AUC=0.961
m il % Standard deviation=0.005
m [ififL T {E Random Prediction

0 0.1 0203 04 05 0.6 07 0.8 09 1.0
5B Specificity

B 1 FEAR RIS ROC 2k
Fig.1 ROC curve for predicting the potential
distribution of S. coerulipes
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Table 1 AUC values under different climate scenarios

ARAAT AUCfH
Climate change scenarios AUC values
SSP126-2041-2100 0.960+0.002
SSP245-2041-2100 0.960+0.003
SSP585-2041-2100 0.963+0.001
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Table 2 Percentage contribution of environmental factors
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Environmental variable Percentage

J contribution/ %
biol 4E¥JE Annual mean temperature 2.9
bio2 B IR 2 H ¥1{H Mean diurnal range 3.5
bio4 i B Z= 5 AR fk Temperature seasonality 3.2
bio5 F W% A &% & i Maximum temperature of war- 6.7
mest month
bio6 F& H F{KiE Min temperature of coldest month 3.9
biol0 f% IE Z= J& 3 # J8 J# mean temperature of 18.2
warmesl quarter
biol4d T H Fk & Precipitation of driest month 25.8
biol5 [ /K ZE 45 1 22 5 R KL Seasonal precipitation 23.2
different coefficient
biol6 2 K i Precipitation of wettest quarter 3.6
biol8 HBEZERF K Precipitation of warmest quarter 8.2
elev 4% Elevation 0.9

B R4S E Without variable
B (Y LA & With only variable
B T35 & With all variable
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Fig.2 The importance of each environment variable
is tested by knife method
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Table 3 Area and proportion of suitable habitat area of S. cyanotibialis under different climate scenarios

St 5 G A= X Low suitability area F136 4= [X. Medium suitable area EiE A X High suitability area
Climate scenarios  [f Area/x10* km? 5kt Ratio/% T Area/x10* km? 15 o Ratio/% A Area/x10* km? 5t Ratio/%
24HJ Current 21.91 13.16 6.26 3.76 5.24 3.15
SSP126-41-60 21.31 12.80 5.98 3.59 5.34 3.21
SSP126-61-80 20.25 12.16 6.41 3.85 5.09 3.06
SSP126-81-00 20.10 12.07 5.91 3.55 4.86 2.92
SSP245-41-60 20.26 12.17 5.69 3.42 4.63 2.78
SSP245-61-80 21.78 13.08 5.66 3.40 5.56 3.34
SSP245-81-00 19.33 11.61 5.61 3.37 5.01 3.01
SSP585-41-60 20.43 12.27 6.39 3.84 4.91 2.95
SSP585-61-80 20.10 12.07 6.24 3.75 4.98 2.99
SSP585-81-00 19.73 11.85 5.11 3.07 4.61 2.77
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biol5 ik F44.35 Kid B AL, B fE(H M 28.53, i, 4 36.88,
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Fig.3 Response curve of the dominant environmental factors of S. cyanotibialis under current climatic conditions
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Table 4 Ecological niche parameters of S. cyanotibialis in different situations B Unit; °C
SRS 5t Climate scenario bio5 biol5 biol0
4T Current ARAEIE R Variation range 24~31 <44.35 16.35~22.54
HAE(H Optimum value 28.78 28.53 19.53
SSP126-41-60 AFALFEE Variation range 27.12~33.25 <40.79 18.79~24.61
A (H Optimum value 31.48 26.02 22.49
SSP126-61-80 AFAEFER Variation range 27.66~33.67 <43.07 18.99~24.45
FAE(E Optimum value 32.26 29.24 23.03
SSP126-81-00 AR AEFE I Variation range 26.73~33.35 <44.93 18.92~24.52
A Optimum value 31.59 28.22 22.74
SSP245-41-60 AREIE R Variation range 27.91~33.86 <37.68 19.75~25.39
(A Optimum value 32.44 27.39 23.52
SSP245-61-80 ARAEIE R Variation range 29.22~35.57 <23.37;25.44~40.67 20.47~26.13
fAE(H Optimum value 34.18 26.68 24.58
SSP245-81-00 LGl Variation range 29.01~35.39 25.75~43.19 20.52~26.52
AEE Optimum value 33.57 26.17 23.89
SSP585-41-60 AFAEFER Variation range 28.31~35.04 <44.15 20.01~26.09
FAE(H Optimum value 33.11 36.88 23.77
SSP585-61-80 AFALFEE Variation range 31.31~37.80 <40.13 22.71~28.45
HAEE Optimum value 36.07 21.49 26.13
SSP585-81-00 AFAEFE R Variation range 31.34~38.15 <41.65 23.37~28.99

(A Optimum value 32.94 25.30 24.68
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BN [ iof S A 1 S5 0o i B8 728 Ak (T IBe i
86,2023) , 5 MR B (85.09°K,43.89°N) A
I, 7E SSP126 5 T, 2041—2060 4F [n] P4 /5 7 i %
34.69 km,2061—2080 4 [1] P4 g J7 i #% 22.08 km,

2081—2100 4E i AL 7 i #% 9.190 km; SSP245 1§ 5%
T,2041—2060 4F:[m] Pt J7iE#% 8.07 km,2061—2080
AR PR 5 5% 15.11 km, 2081—2100 4 [i] P4 5 5
iEF% 25.96 km;SSP585 ff 5t I, 2041—2060 4 [n] Pi g
7515 10.53 km,2061—2080 4F [ P4 5 )5 1T 4% 32.99
km,2081—2100 4F-[n] PY RS /7 iEH% 21.58 km,

R5 ARBRTERRIEETEREROSH

Table 5 Centroid distribution of suitable habitat for S. cyanotibialis in different situations AL Unit: (°)
SR SSP126 SSP245 SSP585
Longitude and latitude  2041—2060 2061—2080 2081—2100 2041—2060 2061—2080 2081—2100 2041—2060 2061—2080 2081—2100
2% Longitude 84.68 84.83 85.19 85.07 84.96 84.77 85.08 84.75 84.94
5 Latitude 43.77 43.81 43.91 43.95 43.78 43.86 43.78 43.71 43.72
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MaxEnt 7] LIRS g4 i i 2, % 05357 AH ¢
HESE IR RRAE | HARNSZAEAS I B9 521 ( Gebrewahid
et al.,2022) , W] KH 4 B 5048 BRI IR B Y
MaxEnt #5#1 | 3 25 B0 A R 22 , 744
FhETGE /7 7= A= A F % 10 ( Radosavljevie & Ander-
son,2014) , AHFFEIREE MaxEnt A& S5, By 1A%
RIS S SOH0 P8O 25, K RM O FH 17 R
“0.5”, % FC H “LQHPT” 2k N “LQH”, fitfk)s,
AUC #% 0.961, TN HERA PEOLF5 . 16 1% o 25005 1)
S A A H DX A BT 2 i X A Sk X | B X
FRAL SE A DA IR e A H IR L B AR Sl H
BN AT BT AR = B SRS s
B 70 IG5 | 15 W A ok 20 e Yk A 0 A 0 s A
FEAHHI), YETAE ST, W AR S Y R S A
X =5 L0 A 70 BT 2 M X, 5 ] 80y 2l Xt o 7
R R —3 (17 3C,2018)

e D ety Pty 1 A R e 2 KU 2
SRR /D AR AT A R, 22 M R R ( Zheng et al.,
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