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Abstract: Climate is an important factor affecting species distribution. Understanding species
distribution and its changing trend under climate change scenarios is of great significance for
species diversity conservation and conservation planning. Apis mellifera ssp is an endemic
economic bee species distributed in Xinjiang. It is urgent to assess the impact of climate change
on the distribution of A. mellifera ssp, which is facing the problems of population reduction and
shrinking distribution area. In this paper, the maximum entropy model MaxEnt was used to predict
the potential distribution area of A. mellifera ssp under different time and climate scenarios. The
results showed as follows: 1. The simulation accuracy of MaxEnt model was 0.994 AUC, and the
overall simulation level reached above "excellent", indicating that the model in this study had high
simulation accuracy, good performance and high recognition of simulation results. 2. The main
ecological factors affecting 4. mellifera ssp and ranged from the average annual temperature of
1.56~4.95°C, the average temperature of the driest quarter of —13.49~—11.01°C, the precipitation
of the wettest month of 38.2~ 46.9 mm, and the precipitation of the driest month of 5.51~6.88 mm.
3. Under the climate situation of relatively low radiative forcing of SSP126, 4. mellifera ssp had
high adaptability and showed a trend of large area expansion. The distribution of 4. mellifera ssp
contracted to a large extent under the relatively high radiative forcing of SSP585. The distribution
of A. mellifera ssp was affected by temperature. The change of temperature is closely related to
human production activities and carbon emissions. Therefore, human production activities affect
the distribution of 4. mellifera ssp by influencing temperature. At low intensity carbon emissions,
the distribution area will expand, while at high intensity carbon emissions, it will shrink.
Key words: Apis mellifera ssp; MaxEnt model; suitable area prediction; ecological factor
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Fig.1 Distribution site of Apis mellifera ssp.
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Table 1 Environment variables used for the first modeling

A bat
Variables Explanation

biol FETIRIE (°C) Annual mean temperature
bio2 TSI HBZE (°C) Mean diurnal range
bio3 R M (bio2/bio7)  (x100) Isothermality (bio2/bio7) (x100)
bio4 SR ZEAT AR Seasonal variation of temperature



bios A RERIRE (°C) Max Temperature of warmest month

bio6 B4 A BARIESE (°C) Min Temperature of coldest Month
bio7 A A iR Z % (°C) Temperature annual range
bio8 BIRZEEFHIEIE (°C) Mean temperature of wettest quarter
bio9 B TZEFHRIE (°C) Mean Temperature of driest quarter
biol0 IR 2S44SR (°C) Mean Temperature of warmest quarter
bioll A2 45 UR (°C) Mean Temperature of coldest quarterr
biol2 F[#F/KE (mm) Annual precipitation

biol3 i A K E (mm) Precipitation of wettest month
biol4 T H K E (mm) Precipitation of driest month
biol5 [% K Z=745 448 4k, Seasonal variation of precipitation

biol6 BiIEZE %K (mm) Precipitation of wettest quarterr
biol7 T 25 BF/K 8 (mm) Precipitation of driest quarterr

biol8 AR ZEE /K 8 (mm) Precipitation of warmest quarterr
biol9 /5 ZEE B /K (mm) Precipitation of coldest quarterr
Elev #H (m) Elevation
Slope WRE (°) Slope
Aspect Wi (°) Aspect
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Fig. 2 Correlation coefficient matrix of Apis mellifera ssp environmental variables
s WK IEMSG, AEOARRMAAI, BUEERIRAHSCFEE K . Note: Blue represented positive correlation, red represented negative

correlation, the darker the color the greater the degree of correlation.
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MBI R RR (BRAR 7%, 2017) o {1 Jackknife 111 AUC PFH R FRFERLALIZ AT
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Fig. 4 AUC value of Apis mellifera ssp simulation results
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Table 2 Environmental variables filtered for model prediction and their importance
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Variables Explanation Percent contribution

Permutation importance

biol FETHRIE (°C) Annual mean temperature 34.4
bio4 SR ZETTPEAE L Seasonal variation of temperature 11.8
biol4 T A4 FKE (mm) Precipitation of driest month 13.4
bio9 BT ZETH4IE (°C) Mean Temperature of driest quarter 15.1
biol3 % A 4 PE/KE (mm) Precipitation of wettest month 5.6
bio3 M (bio2/bio7)  (x100) Isothermality 0.7
biol5 [ 7K ZE4T %454k Seasonal variation of precipitation 4.8
Elev 4R (m) Elevation 14.2

26.8
22.1
0.8
46.6
0.6
1
1.6
0.5

I {7 & With only variable
B 50L& Without variable
B jiiH 74 & With all variables
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% £ biols
K g
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.=
=
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Fig. 5 After screening, the environmental factors were tested by knife method
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2.4 HFIHTEEELE S XK 5 AR T

MTSPS B AN BT R, 43 B AR A o X R AR SE B X 5 FEAt 58 5 4 1 vk — FE LT 1
Jridie GG ATBEEANY NG B XS, ARTEREER R 5 R S PR (1 A B B 4 KA
MTSPS=0.0591, FHEAX p>0.0591, FEEEX p<0.0591. #—D&HE IPCC ik &5 A KV
f 0T BEME EE T o A N DU SR AT AR, . RIE BT 0.0591<p<0.4; TIEE M 0.4<p<0.6; =&
H % p>0.6 (Mastrandrea and Field, 2010) .
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E SSP126 S ARIEBE T, 2050 4F LG 4 A& A= X T AP 5K 22.76x10 km?, Y4 THIFA 0.08%10*
km?, ATHEA X 26.53x10* km?. 2090 4 LG 4TI A X HARY 5K 16.85%10% km?, Y4
T 0.14x104 km?, £itiEEX 20.55%104 km?, SSP585 <M &, 2050 4F Lk 24 A& A X
TR 5K 19.42x10* km?2, UZETHIFL 0.08x10% km2, A iHEAEX 23.18x10% km2, 2090 424
A& AR X AR 7K 3.23%x10* km?, UR4RTHIAN 1.20x10* km?, Ait3&E4E X 5.88x10* km? (& 8).
KK SSP126 S A% 151 F1 SSPS8S 1 2050 A=A A5 A% Ft 2 Fid A X A3 30 /R B4 i
B BEAF. BHIX, EHIE. B X 0 /N0 & R XEEARR# K, Hip
SSP126 “UMEIEE T K IX L o AR/NER Wi DX AE AR AL RE 1% 5 A M g K L P e G T s

WX . SSP585 S MR fE 5t 2090 4, Ty, H/RER . B BEARF. BEHEFHH.
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Fig. 8 Changes of the habitat area of black bees in the future period
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Note: This map was based on the standard map with the review number GS (2023) 2767downloaded from the Standard Map Service

website of the National Bureau of Surveying and Mapping Geographic Information. The base map had not been modified
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3.1 BEBRUEERL AN

ROC HFFAE M 22 P AUC R85 — AN BUE 3t B A vl B B E VG N IO PERE VP AN 45
S FTUA A AT BER i, RO )2 I RS HE B SR AR (0O 5E S 20205 FBE 255, 2020).
AWEFAER T R A2 “Kuenm” 27X MaxEnt B8 (A& (FC) ARSI (RMD
S A A HERIEAL, M 1 160 B & hifE BRI SHA G, H—0iRm TiE
PR DTN 45 R RS AL . AUC B 0.994 ZRG PPASBSE Rk B “IR75 7 AKFULE, AIfE
B, BAPERRLT

ASHIF T T FE () 5 58k R 06 A1 i 4 SRV T BT A1 SE BRI 2, A R AR TR 4 A



THEPIR . RNERTUREDE, <S8R MEL NG, PSS ss RAUER . A
W 5FI F ENMtools TS 43 A7 s BEAT T 25 TUA AL B, 5 7] — Wi A% P R IE Ok B — > 23 A i
XRE G A1 I T4 rh BB A I 00 1 10 R AR K B T B RURSE (2017) BHFERT
IR 2R L BRI A R I 5 B T 58, E KL R B AL R B TR A SR, i A IR 3 A7 A5
A SUEFHALIA T 0 TR N o BT S B R R 0 I B A 25 R R AR ) 3 5 T DX 3 R
ST, L R R IE R FR A  IX (0 5N R KR, FLAR 24 X O 44 5 KR e T
A, Xt T BN SR R AR AE IR, Al b TEJR SRR TOR, TS BARE A X
PGS R ARG A XTI, 0 AT G M B AN &, AR RBCE 2 0 A5 R .
3.1.2 RN 5E RR g A R AR A R

AR 5 SR T DA H T2 S e 58 SR G 70 A1 ) 3 S BT 3R o I T 90 KR P A TR A
A (GCM) 1) IPPC5 &, W& 4 MAGRIERERAE (RCP)  (FF K g4, 20205 %
255, 2020 . CMIP6 5 CMIPS ML, CMIP6 25 AMER 2, HUESLIMERITER
X% PRIV IR, AR SR IR K A% A5 2 1] 43 A7 B AT S (A 4
Aeds (ME 24, 2022) . HigeE—MAMKRREHE RIS, ERA R RMALUE N
BEAERR RO Ra v ORI (1425, 2022) o B4 28 5 B sh 8 g i FH ol 140 7 9
TELARIIR L, A AV AE I A IR B Y N . BRI LR R A — IR R D, H
S BOR AT SR 22 R S R DR 2R T R AR BRAR o EL A T 5 2 W U P8 i v o G 2404 S ) 2 e )
A, FEEBEKREAR (K, 2011) o Bl BigA g2 — /N ZZRyM, Elg
W—MRIE 7 AN A4 (10 HES AD MHEEMF T, AMUza4&, 1RSSR
AR R (KR, 2019) o fERFRIKE R ERVEN, £ 8°CL A, Bl R
FAEH AR, TERREN, RMEERBARA ST, HraE By 8RR, MRS
RRFE N 1AM R AR (AR )I4E, 1988) .

£ SSP126 Mg A5 30N AR SR H 21 28 v 1 A0 R 015 AE IX T AR 9 K 22.76x10% km? A1
16.85x10% km?. 7£ SSP585 UMz 21 &l i & AR X T ARY K 19.42x10% km?. KRS
(R FRSE T A BRI T e S BOE A XK, TR g AR KR & L Rty oA R, =
X AN SR 14 R DR SR 2 S R 4 o i LAAY T (R ALE 5 4 P e ot o 40 P88 S 130 A 2 R
PIX, TEACEEE R CBE S, AR R A R R RN (BRI, 2018) . 1E
SSP585 SARMEIN T 21 A R MITERI se . SEARTE. B HKE RN HEX . fRE
P 52 7 VA P F AT YU 1) 34 Tt DR Dok et XA AORR P T, 5 30k 9 B TR vR AR
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http://en.wikipedia.org/wiki/Representative_Concentration_Pathways

3.1.3 A3 XI5 LR T

IE] Py A0SR b R o5 R IRI T:, Rilgy “mni@ AR XL HRIE AR XL fIE AR ORI RIS AR
X7 1) 4 05y X ide SR HT9M B O IEAR M A A7 T 4E, BLAT o BE IR A B3 o 1 5 e A
ATHVE, FEAERCR AR J1. WRAE SSP126 KR BRI T, 40 H %08 IPCC %5
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20 FERL R R IEAE X, JRIEAE X FTRE AR UG X . IXREIRI S 5 T B0E AR X AR
AN, W TAEESE AR X B R IR, AL RS “JR@ X7 A “EEX” 1
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WY oy At L, R MTSPS H IPCC 4R 25 4 G UFAl AT RE L P Al 43 7 19245 & A R & A=
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B AR B B4 S0 X, T DA B s R SAR AT AT SR A X . B ORRE
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WP M X o R AR TN A SR AU PR BT T R I AR X, FRER IO UARR, BR
PEGEE 58 IR MISL, S RERURES R, B, By, 3. Pl X WA E XK
s a) . ARYE O EE RS I AR B G182 SSP58S iR S SSP126 MR, Jii 0ol 2 o Al 4 M
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3.2 ZEig

AW FAE FHARAG I MaxEnt A5, 6397 588 S0 oA JEA T ASLIUL TN, 43 30 sy L 40 A 1) 32
T A DR A AN A2 R SR AN [ B 340431 1 T
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1.56~4.95°C TR TSR T-13.49~11.01°C. HiEH PEKEAT 38.2~46.9 mm.
RS HBEAKENT 5.51~6.88 mm.

(3) sl R (K AL A7 0 AT AN LEP= IR Bl . BRHEIBCE VIR G . 76 SSP126 X UK fa
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