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Research paper

Modeling the Pollination Service of Apis cerana in Taiwan
Based on the Species Distribution Model

Ming-Lun Lu,” Jing-Yi Huang,” Chih-Hui Chen,"” I-Hsin Sung™”
[ Summary ]

Bees may be one of the most efficient insects for pollinating both wild plants and cultivated
crops. Nevertheless, drastic declines in wild bee populations have become an environmental is-
sue which has recently garnered much attention. In this study, we collected occurrence records
of the Asian honeybee species, Apis cerana. We then combined data of environmental factors
and land cover types to generate a simulation of suitable habitat distributions for the species us-
ing a maximum entropy species distribution model. In addition, we established a spatial model
of the species’ pollination services in Taiwan based on the distribution of suitable habitats. We
found that A. cerana preferred habitats at low to medium elevations compared to agricultural
areas of the plains. Thus it provides much more pollination services to natural forests, planted
forests, and orchards than to lowland paddy fields. This might be due to greater disturbances by
human development and competition from the introduced exotic bee species, Apis mellifera, in
agricultural areas of the plains. Based on results of this study, we were able to determine areas
where A. cerana can provide pollination services. This knowledge should be helpful in promot-
ing better land management and species conservation.

Key words: insect pollinator, ecosystem service, Asian honeybee, maximum entropy, species conser-
vation.
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Fig. 1. (a) Location of study area. (b) Land cover data of the sites. (¢) Administrative

districts.
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Fig. 2. Number of modeling occurrences in 1-km’ cells for Apis cerana gathered between

1994 and 2009 (bright and filled circles are from the Forestry Bureau and our collection,
respectively).
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Table 1. Summary of the principal component analysis which generated the principal

components (PCs) used as environmental data

Principal component Eigenvalue Variance (%) Cumulative variance (%)
PC1 37.64 35.51 35.51
PC2 25.06 23.64 59.15
PC3 15.85 14.95 74.11
PC4 9.66 9.11 83.22
PC5 2.75 2.59 85.81
PC6 2.26 2.13 87.94
PC7 1.96 1.85 89.79
PC8 1.87 1.76 91.55
PC9 1.63 1.54 93.09
PC10 1.21 1.14 94.23
PC11 1.05 0.99 95.22

Table 2. Numbers of variables with loadings of > 0.32 (10% of the variance) for 3 categories.
Loading factors of the predictive variables used in the principal component analysis

Principal component (PC) Climate Topography Land use
PC2 15 0 43
PC3 17 10 9
PC5 3 0
PC6 0 3 0
PC7 0 3 0
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Fig. 4. Predicted range and probability of suitable habitat for Apis cerana. The background
is a shaded relief topographic layer derived from a digital elevation model.
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Fig. 5. Pollination efficiency indexes of Apis cerana in the six administrative districts.
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Fig. 6. Geographical distribution of the overall pollination efficiency of Apis cerana.
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