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Potential geographical distribution of Megachile rotundata
under climate change based on MaxEnt model

*
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Abstract [Aim] The alfalfa leafcutter bee (Megachile rotundata) is one of the most efficient pollinators of alfalfa. The aim
of this study was to determine its potential geographic distribution and provide scientific guidance for selecting suitable areas
for its brood production and to assess the risks of its introduction. [Methods] Based on the current global distribution of M.
rotundata, we assessed the potential geographical distribution globally and in China under different climatic conditions and
classified the dominant bioclimatic variable using the MaxEnt model. [Results] The results showed that the average area
under curve (AUC) of the MaxEnt model was 0.951, indicating reliable prediction results. The mean temperature of the
warmest quarter, biol0, had the greatest impact on the distribution of M. rotundata, accounting for 31.4% of the total. Under
historical climatic conditions, the global distribution of M. rotundata was concentrated in Europe and North America. The
distribution in China occurred in the central and western regions, including Tibet, Qinghai, Gansu, Xinjiang, and Ningxia.

Under projected future climatic conditions, habitable zones for M. rotundata are predicted to contract, whereas suitable areas
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in China are predicted to expand. As the climate warms, the most habitable areas for M. rotundata show a northward shift.

These areas are projected to expand under the low forcing climate scenario but shrink under a high forcing climate scenario.

Climate warming has resulted in an increase in the number of highly suitable areas for M. rotundata, particularly in regions

such as Xizang and Qinghai. [Conclusion] M. rotundata has a relatively wide area of suitable habitat in China, indicating a

high potential for future population expansion. The mean temperature of the warmest quarter, biol0, should be considered as

the primary factor when selecting suitable areas for its reproduction. Additionally, risk assessment, pest quarantine, and bee

management should be strengthened in China during its introduction and local brood production.

Key words MaxEnt model; solitary bee; pollination; introduction; climate change
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Fig. 1 Selection and contribution of environmental variablesfor Megachile rotundata
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A. Pearson correlation analysis among 19 environmental variables; B. Importance of the key environmental variables in
predicting the distribution of M. rotundata by jackknife test.
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Tablel Theglobal suitable area of Megachile rotundata under different climate scenarios

E|STREENITEA P A= X T AR Hh i A X A FEE A A EE AR X A
RIS (x10*km?) (x10* km?) (x10*km?) (x10*km?) (x10*km?)
Climate scenarios  Unsuitable area Lowly suitable area Moderately suitable Highly suitable Total suitable area
(x10* km?) (x10* km?) area (<10 km?)  area (x10* km?) (x10* km?)
1970-2000 18 467.81 1 840.49 1002.87 704.21 3 547.56
2041-2060 SSP126 18 399.81 1764.33 1015.77 740.35 3520.45
2041-2060 SSP585 18 590.8 0 1 648.06 1 008.41 672.99 3329.46

SSP126: fiksiAfH5; SSP585: kil s, TR TN,
SSP126: Low forcing scenario; SSP585: High forcing scenario. The same for the following table and figures.
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Table2 Thesuitable area of Megachile rotundata in China under different climate scenarios
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(x10* km?) (x10* km?) area (x10* km?) (x10* km?) (x10* km?)
1970-2000 783.56 120.10 57.38 1.65 179.14
2041-2060 SSP126 768.24 127.94 56.02 10.50 194.46
2041-2060 SSP585 745.74 134.48 65.01 17.47 216.97
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Fig. 3 Potential geographical distribution in China
of Megachile rotundata under historical climatic
scenarios (1970-2000)
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Fig. 4 Potential geographical distribution in China
of Megachile rotundata under future climatic

conditions of low forcing scenarios
(2041-2060 SSP126)
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Fig. 5 Potential geographical distribution in
China of Megachile rotundata under future

climatic conditions of high forcing scenarios
(2041-2060 SSP585)
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