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Abstract

Wild pollen bees often play an important energy-promoting role in the food chain.
The pollination services they provide can help plant reproduction and crop production.
They are the keystone species that contribute to the integrity of the terrestrial ecosys-
tem and maintain the development of human society. Climate change is identified as
one of the reasons that threaten the reduction of pollen bee populations. In this study, an
ecological niche model was “assembled” for 10 common pollen bee species in Taiwan
based on species occurrence records. The results showed that our model has good per-
formance, and further estimated the spatiotemporal dynamics of suitable habitats under
the representative concentration pathway (RCP). The study found that the high carbon
emission situation scenario (RCP 8.5) may cause significant changes to suitable habi-
tats of pollen bees. Among them, six species showed a decrease in population and four
species had a trend of expansion. Species located at high latitudes and altitudes may
experience possible loss of suitable habitat, while heat-resistant species that prefer low
latitudes and altitude areas may increase in population. Therefore, we recommend to
consider these two different environments for zone planning in future conservation strat-

egies in response to climate change.
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Fig. 1. (a) Geographical location of the study area; (b) Species occurrence records (green circle) and

digital elevation model, where darker colors indicate higher elevations.
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Table 1. Occurrence records of the study species and were georeferenced to the

spatial resolution of the 1x1 km.

Species Chinese name Record

Amegilla calceifera HEDT dERA N 27
Amegilla urens Eeiisalts 22
Apis mellifera Pa 976
Bombus bicoloratus AR 73
Bombus flavescens = AR 03
Bombus formosellus SEARE 33
Bombus trifasciatus Ja G HE S 45
Xylocopa collaris EEEE N AT 84
Xylocopa rufipes AN TR N 42

Xylocopa tranquebarorum — HHZEEF Kb 100
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Table 2. Predictor variable to model the distribution of pollen bees.

Variable Source
Temperature seasonality

Maximum temperature of the warmest month

Annual precipitation WorldClim dataset

Precipitation seasonality (coefficient of variation)

Precipitation of warmest quarter
Slope
Aspect

Human influence index

Ministry of the Interior

SDAC

SDAC=Socioeconomic Data and Applications Center
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2% 3. E R AN A (generalized additive model, GAM) ~ 2% & & %4 [ [0 B (multivariate adaptive
regression splines, MARS) ~ 1 58 78 [ 151 (boosted regression tree, BRT) ~ [ % #% £& (random
forest, RF) ~ £z AJ# (maximum entropy, MaxEnt) B <7 % 5] &% (support vector machine, SVM)
FTfte 2 2 A PR Bl R R B RGREAREHE

Table 3. Scores collected from the area under the receiver operating characteristic Curve (AUC) and

true skill statistic (TSS) to boosted regression tree (BRT), generalized additive model (GAM),
multivariate adaptive regression splines (MARS), maximum entropy (MaxEnt), random forest
(RF), and support vector machine (SVM).

Species BRT GAM MARS MaxEnt RF SVM
A. calceifera AUC 090 0.86 0.89 0.87 0.90 0.86
TSS 071 0.71 0.72 0.68 0.75 0.70
A. urens AUC 090 090 0.85 0.87 0.90 0.86
TSS 0.74 0.73 0.68 0.72 0.74 0.66
A. mellifera AUC 0.78 0.79 0.79 0.79 091 0.78
TSS 041 043 0.43 0.44 0.68 0.44
B. bicoloratus AUC 0.76 0.77 0.78 0.85 0.85 0.83
TSS 049 046 0.60 0.62 0.64 0.62
B. flavescens AUC 0.89 0.86 0.88 0.87 0.90 0.88
TSS  0.67 0.63 0.66 0.68 0.70 0.66
B. formosellus AUC 092 0.93 0.91 0.93 095 0.94
TSS 0.78 0.80 0.76 0.78 0.84 0.83
B. trifasciatus AUC 091 091 0.89 0.89 0.92 0.90
TSS 0.72 075 0.72 0.72 0.73 0.69
X collaris AUC 087 0.85 0.86 0.86 092 0.86
TSS  0.67 0.64 0.67 0.64 0.73 0.68
X rufipes AUC 092 0091 0.90 091 095 0.92

TSS 077 077  0.76 0.75 0.82 0.76
X tranquebarorum ~ AUC 0.89 0.78  0.86 0.88 0.87 0.84
TSS 0.67 047  0.62 0.64 0.67 0.65
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Fig. 2. Predicted current distribution of pollen bee species.
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Fig. 3. Shifts in suitable habitat areas of 10 bee species in a RCP 2.6, RCP 4.5, and RCP 8.5 scenario of
future climate change for the 2070s, respectively.
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Fig. 4. Spatiotemporal dynamics of suitable habitat for the common pollen bee in different climate change
scenarios from present to 2070s.
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