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Abstract

Climate change leads to significant impacts on threatened plant species in moun-
tainous regions. Lonicera kawakamii (L. kawakamii) is an endemic plant distributed
across middle- to high-altitudes (3,000-3,900 m) in the mountainous Taiwan. This spe-
cies has been currently listed as vulnerable in “The Red List of Vascular Plants of Tai-
wan.” In this study, a recently-developed ensemble of small models was used to predict
the potential distribution of L. kawakamii. In order to project the spatiotemporal dynam-
ics of suitable habitats, the shared socio-economic pathways (SSPs) from the Sixth As-
sessment Report of the Intergovernmental Panel on Climate Change was considered as
various future climate change scenarios (in 2085). The results show that the geographic
distribution of L. kawakamii was mainly affected by climatic factors, including low tem-
perature, large diurnal range, and moderate precipitation. According to our predictions
under mild (SSP126) and severe (SSP585) warming scenarios, the range of suitable hab-
itat of L. kawakamii shrank significantly due to climate warming in the alpine regions
of Taiwan. Therefore, the species may be at risk of extinction. These outcomes help to
identify future shifts of suitable habitats and could provide reference for conservation

strategies in response to climate change.
R RETE - B MEBIERRG - HEAEGLORRK - IR

Keywords: endemic species, vulnerable, ensembles of small model, shared socio-eco-

nomic pathway, extinction risk

18



BIEEYZERMENI TW J. of Biodivers.25(2):17-36, 2023

22 =
w ﬂ =]

RiFEEBCHZ R EAT L]
HERHYREREIR S - W ATRE R B 4R
VAR VAT AT R R (Warren
et al. 2013, Urban et al. 2015) » Gz
RIS B R N\ Ry 58] - ([EERE)
4 B8 2 T S TR AT I 43 {1 ST I
H (Pecl et al. 2017) » #5 Roméan-Pala-
cios and Wiens (2020) Y 47 17 > & 2K
50 FENAEERRLYHE 13 1ypfE > #he]
REEESE L MBHIGEHEY - THESAE
SEIERORIRRNE LAY - H2EOR
FERHERAL - RIS K E R
(Thuiller ef al. 2005, Chou et al. 2011,
Pauli er al.2012) > (R It » 7 00 21 fig
7B o L2 R T ) B B 43 A1
% o DA ) L iy 6 R 2 5 T 1 5 2
% {1, (Baumgartner ez al. 2018, Graham
et al. 2019) «

Py DRI 5.1 582 78 1 RS SR )7
ARG - THRIZ B2 T T RE RV BAE
Ty AR B B BT IR S RIS Y
B % (Thomas 2010) © #7178 47 {ffi 5
#¢ (species distribution modeling,

SDM) =] {45 2 2 1l 7 1 i B B

19

BRI IR - AV R » TEORIVEAE S0
#HE Lo RBEEEBREFTYRN
AR EE WHERENRE
#+ (Dhyani er al. 2021, Hoveka et al.
2022, Ceccarelli et al. 2022) - HAEF%
2 B T R R R R AR D
(4 fE > R - SDM Y@ R o > 7
AR RNEREN E - (EE R
T2 EHEE - 55— 7 D EIVEAR
EH G BTN TE - AR B
BB e - 8T 2 TN AR [
(Vaughan and Ormerod 2005) = 5 & &
AT AR Y/ VAT B AR
3% (ensemble of small models, ESM)
(5 2 B R LS A 0 o A TR B
FAJT A FOORNE 2 R PN B T 47 70 ik
HHE A gE Y EE IR C A S 0 AR S
S/ N EE S DU S T N AR
B/NMEA > EA n EEIEE > FIEA
X n(n— 1)/2 » [EAFFHRIA] AR B/ ME
T F— RN > PR
REREE TIPS - A ARV
R TECHISE B - ESM R % BEA kR
fEhtE i - BEEAERY SDM J7 =(0HH
L VITERI B A E ) FRE 2R

is LLfE R



HEHEFE I AVFERE (Lomba et al. 2010,
Breiner et al. 2015) °
| & B (Lonicera) B T % Fl
(Caprifoliaceae) ™Y —{E & = KM 5>
A AL BROR A B aE BV HIE o H Al
Ryl o #E R EE AN DA BEY)
sTA 7 - Hp o 1] B A (Lonicera
kawakamii) J37& BEVERV EILEAR - &
SR L (/84K 3,000-3,900 m)
RFETEEY) - B RIS AR E AR
% IRBEZEEH R EHIRE S %
4 o KE B2 B R < BfE
& (Vulnerable)”( Z B8 )41 Kz & 4 i
& 2017) °
B LR AE AP RAYEEER
W ZREEBLEEE
5 1911~2009 5= 475 51 > SRR 3 H &Y
1.4°C » EERRIREIE - EREE
A R {122 9% {1 8 2% . 4H & BH 28 (Shiu er
al. 2009, [E5F 2012) - AL > A
WL IS 32 B KRR T IR
T R R AS 095 B - AR RIS E A
T Ry EAEHE - JE I ESM A TR HI A
B > SR oo R e s B AR VR AR Y
FERAT - E— S RERBUT RS

20

RiE2BHS

{EEF9Z E & (Intergovernmental Panel
on Climate Change, IPCC) %% 37 #J 4 6
Rttt - et 2 RS EE
B TN E ESt R E S SRR
W ZE R rT R A AR (R B B A0 i
22 o
g Sz

— ~ fFSE

EEABAL N TEMNEES « RKPE
ic ot CURERE RS =0 97515 QRle b ATE]
TE4Y 36,000 km® » HUTZBEY - 26 Byl
B e o S R D T R R A
TAPEEREE - TP R = P EAY st 2
TEUARA I~ ELl -~ FrELL -
RS 5 Kfk » B Kl
i iz e EIE 3
TR IR - K ZEEAR - Kol
TAPERES » USRS R R a0
HEEREN S BHRRRE
ERHER R4 21°C » TR EEY
2,500 mm » ZFHHEPEEF]EATR
o= R DIRIERE AT - ERA
AREREFERVEF =R DR E
JER T 5 MR 4 TR E TR

Sy
=

23,952 m

ZEBEY ERBZMEBEDMNEESE



BIEEYZERMENI TW J. of Biodivers.25(2):17-36, 2023

a. b.
115°E  120°E 125°E 130°E 120°E 120°40'E  121°20'E 122°E

30°N
25°N
25°N

25°N
25°N

Study area |

400

20°N
20°N

24°10N

24°10N

Philippiness,

T15°E  120°E 125°E  130°E

23°20'N
23°20'N

Elevation (m)

u 3952

22°30'N
22°30'N

120°E 120°40E  121°20E  122°E
L. (a) WIFEE LA EE ; (b) PIRE B (B EFEED ; n=36) MEE SR (digital elevation

model) ©
Fig. 1. (a) Geographical location of the study area; (b) Species occurrence records (black circle; n=36)
and digital elevation model.
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Table 1. The area under the curve for the receiver operating characteristic (AUC), true skill statistic (TSS),
and Boyce index (BI) generated by the artificial neural networks (ANN), boosted regression tree
(BRT), classification tree analysis (CTA), flexible discriminant analysis (FDA), generalized additive
model (GAM), generalized linear model (GLM), multivariate adaptive regression splines (MARS),

maximum entropy (MaxEnt), and random forest (RF).

Algorithm AUC TSS BI

ANN 0.93
BRT 0.96
CTA 0.93
FDA 0.87
GAM 0.95
GLM 0.89
MARS 0.89
MaxEnt 0.90
RF 0.98

0.76
0.85
0.78
0.66
0.82
0.67
0.65
0.70
0.94

0.95
0.98
0.93
0.92
0.96
0.94
0.93
0.97
0.81

2. ST AR AR HRE

Table 2. Contribution of each predictive variable to the ensemble model.

Variable Contribution
Min temperature of coldest month 209
(BIOO6) '
Mean diurnal range (BIO2) 1.45
Precipitation of coldest quarter L11
(BIO19) '
Precipitation of wettest quarter 0.89
(BIO16) ’
Urban 0.85
Water 0.80
Grass 0.69
Barren 0.60
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Fig. 2. Response curves of the primary contribution variables according to the ensemble prediction (a,
b, and c represent the min temperature of coldest month, mean diurnal range, and precipitation of
coldest quarter, respectively.
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Fig. 3. Prediction of the current suitable habitat for Lonicera kawakamii. The upper right panel shows the
current distribution, and the bottom-left and bottom-right panels stand for SSP126 and SSPP585
emission scenarios, respectively, in 2085.
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