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Abstract

Bees are the most important pollinators of flowering plants and essential ecological keystone species
contributing to the integrity of most terrestrial ecosystems. However, drastic declines in bee populations
have become an ecological issue which has recently garnered much attention. Here, we assessed the
potential effect of climate change on the geographic range of Apis cerana in Taiwan. The spatiotemporal
dynamics for this species were examined with representative concentration pathways 2.6 (warming
mitigation) and 8.5 (warming intensifies) climate scenarios, using the MaxEnt program for species
distribution modelling. Results showed that the climate factor provided a great contribution for our model.
Since A. cerana prefers warmer habitats, the range of suitable habitat may expand because of a warming
climate. Furthermore, both for the current as well as for the two future climate scenarios of the 2070s, the
suitable habitats were concentrated in regions where the human footprint was scarce. In order to manage
this species’ response to climate change, we suggest that these regions should design appropriate
strategies for this species’ conservation.
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Fig. 1. (a) Location of the study area; (b) human footprint map (darker colors indicatestronger intensity).
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Table 1. Predictor variables used to model species distributions

Category Variable Code
Climate Annual mean temperature BIOI
Mean diurnal range (Mean of monthly (max temp - min temp)) BIO2
Isothermality (BIO2/BIO7) (X 100) BIO3
Temperature seasonality (Standard deviation X 100) BIO4
Maximum temperature of warmest month BIOS
Minimum temperature of coldest month BIO6
Temperature annual range (BIOS5-BI106) BIO7
Mean temperature of wettest quarter BIOS
Mean temperature of driest quarter BIO9
Mean temperature of warmest quarter BIO10
Mean temperature of coldest quarter BIO11
Annual precipitation BIO12
Precipitation of wettest month BIOI13
Precipitation of driest month BIO14
Precipitation seasonality (Coefficient of variation) BIO15
Precipitation of wettest quarter BIO16
Precipitation of driest quarter BIO17
Precipitation of warmest quarter BIO18
Precipitation of coldest quarter BIO19
Topography Altitude Altit
Slope Slope
Compound topographic index CTI
Heat load index HLI
Land cover NDVI average value Vlave
NDVI maximum value VImax
NDVI minimum value VImin
NDVI median value VImed
NDVI range value Vlran
NDVI standard deviation value Vistd

NDVI= normalized difference vegetation index



32 {5 Fl MaxEnt PBEsR R 85E 31 0 T BB A A1 < B

(9 Pyt Arif e

FIIH Phillips et al. (2006) At BH#E I 5 K N
(maximum entropy) [MaxEnt 3.3.3kJ % 37 ¥
[F BLR 2K (2070 FEX) &2 SDM » 3% T HiE#
PRI EEE (machine learning) B 3 /31 37 B8 28 73
i 8 R B 1 > RS REZ
A > T 4 a0EE S H At SDM (Kumar and
Stohlgren 2009; Trisurat et al. 2011) o £¥)f# &
PRSEIN 75% HUERHMER IR E L5 > EAEE
B10 2K > B ZREE - i il SR e i i
oM EFRRIRESE S 0~1 > ArdeiT 1
R R TTEIE L A MBI fr s -
A P RES HOE E AR - SR RIER 25% Y
Vi & RHG RS B R - MR B2 1R
# 18 (receiver operating characteristic) fiff & £
Z W %% T & (area under the curve, AUC) » FF
i 2 H &0 > AUC BT S 0.5~1 0 &
i i e A X P 2 P E R 1 A A - T
B2 0.7 DL E HIGE 8 R 2 17 Y8 (Fielding and
Bell 1997; Pearce and Ferrier 2000) ° Fif 2371
SDM ] 3% it (& #6155 1% 77 43 H (permutation
importance) * [ fi# 2% T I A8 2 A £ ) 2
M R AR ERIEE -

FERTLBUREAT 2070 24X RPC 2.6 ~ 8.5 1
BT RUTE Y EE AL SR 3
TP EEERS SR 2 BRAS[E] » fK MaxEnt Frfe BERR
fE 57 & £ TMaximum training sensitivity plus
specificity | & HGH BAZEHIEIE (Liu e al. 2005;
Kuhlmann et al. 2012; Nemésio et al. 2016) °
IEAY » 2% Venter er al. (2016) AT EL/E 2 225k
NJ R - 85538 0 JTIEER A Jenks
HORTETINE > 23 B 6 M R 38 S 2 51 (
1b) » HE—F EUEE BN R B > TR
5 T HIRF 2288 b B 22T AT RURE -

R

1 29 {1 FE I 88 S5 E F Pearson FHRH 232 A7
AT > TEMHBREU NG 0.7 FIFEHET > 6
AR » 3 {EHF RH B e (] L M 5 > S
BT 1L EEIE RN > $8IL A A MaxEnt 337
SDM > HH 8 BLAE S AT A > B 7 e 31 ok B
AR AUC %15 0.82 F2 0.75 » 15EHE
WA 0.05 > BEEERSURLT - FEfEAE
11 {18 %8 25 5L i % ) SDM 396 R IR B 32
PR Hobl s Mg IEREEE 7% HE 4
18 735 SRR FE (#8538 65%) » F 1R (BIOT) &
5 (£ 24%) » EXBREHWE (BIO14 0 £
16%) > FEH#E% (B102) ELZREIRE (BIO4)
Bl 13% i 0 k6 HIEBEMEME &1
JE 10% » BR8] (8 2) °

BIRF B R AR R R BIF IR T » 7B
TR AR R > R R MR A
Y 1&E 2 VB AE 53 A7 B (18 3a~c) > BLIRF IR RE
T EE ARG E S 9,233 km® 0 LIEH
MU AT 5 LR = > rp s sl H R D
3a) o FHECHFIFE 2070 SRR 8B HEE -

S R E AT =2 > BRI RCP 2.6
W E B AL RS 12,032 km® ¢ EERILAY
RCP 8.5 15555 17,285 km” » ¥ B I ES 2 2R
PRI (1 3b ~ ¢) > JUH: RCP 8.5 1557

2 A TR IR M B SR AH o HARE (18] 3c) ©



B AEYIZ B VERFSE (TW J. of Biodivers.) 21(2): 27-39, 2019 33

BIO1
BIO14
BIO2
BI04
Vliave
Slope
HLI
BIO12
BIO18
CTI
Viran

0 5 10 15 20 25
Permutation importance (%)

2. BUR TR IR A R U FREE » DL B 5 0 FEOR

Fig. 2. Contribution to the final species distribution model made by each environmental predictor,
illustrated by the permutation importance.
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Fig. 3. Predicted suitable habitats for Apis cerana. (a) Current prediction; (b) future prediction using the
RCP 2.6 scenario for 2070s; (c) future prediction using the RCP 8.5 scenario for 2070s.
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Table 2. Annual mean temperature (BIO1) of suitable habitats for Apis cerana under different climate

scenarios

Period Scenario ‘ Maximum ‘ Minimum Mean Standard deviation
Current 25.0 9.2 20.4 2.5
2070s RCP 2.6 26.1 9.4 21.8 2.8
2070s RCP 8.5 27.5 10.3 22.8 3.2

AN F5R 710 N R BhaR a5 2K » BilE
(1) B 7 e 3 B = R V% 1 G (I 8 P )
AN - R ARG EAIE 4,000 km*( (5
HETEIFEAY 43%) » KEEHHAE 3,500 km®( 5 #E
[fIFERY 37%) » HEZ IR » S B -
o DL BB IR AR 0 = IR
5 R REAY 20% © 1 2070 FART RCP 2.6 16

8000 -

6000 -

Area (km2)
N
o
o
o

2000 -

BERBE N o H AR R R T 2 4,800 km®
Fe A5 o SRR ) T A RH B 38 DAY 21% 0 5
RCP 8.5 TR L E AR » 3 THfE e
PEAZE 7,500 km® A5 » FHECH IR A TRIREHE T
0 87% > HoBR AR A B0 FE AH BN o (=
7S An R AR S 2 BURH R A L2 (1&] 4) o

OCurrent
D2070s(RCP 2.6)
m2070s(RCP 8.5)

A -

L — |

Slight Light Moderate Heavy Extreme

Human footprint
lil 4. B B A AN RS R B Z G R N o

Fig. 4. Area of suitable habitats for Apis cerana using different human footprint levels.
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