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Constraints on Migratory Beekeeping Route Operation Imposed by
Regional Differences in Robinia pseudoacacia Flowering Time
in Korea
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M Migratory beekeeping in Korea rests on the premise that Robinia pseudoacacia L. blooms
sequentially from south to north, so that colonies moved northward can harvest at several
stopovers in succession. This premise requires two conditions: a predictable flowering order,
and intervals between consecutive stopovers long enough to relocate, settle, and harvest. Using
estimated bloom onset dates from six migratory apiary sites over three years (2024~2026; 18
observations), we tested both. The flowering order remained stable across years (Spearman
p=0.812~0.986), indicating that the south-to-north route itself remains plannable. The intervals,
however, varied markedly and were narrowest in 2026. The latitudinal gradient of bloom onset
was 5.78 and 7.82d °lat™" in 2024 and 2025 but only 3.63 in 2026, and the south~north spread
narrowed from 16 and 23 days to 12 days. Assuming a 13-day flowering duration, the maximum
number of simultaneously flowering sites was five and four of six in 2024 and 2025, but reached all
six on 12 May 2026. Under a minimum residence requirement of 13 days, the number of stopovers
harvestable in sequence fell from two to one. A latitude-only model transferred across years gave
a mean absolute error of 7.34 days and the site climatological mean gave 6.17 days, or 56%
and 47% of a 13-day harvest window. These results indicate that the migratory route remains
plannable but its schedule cannot be planned from spatial information alone.

Robinia pseudoacacia, Migratory beekeeping, Flowering interval, Bloom date, Harvest window

M =2 o] x4 P or A A E o] gtk (Lee et al., 2019).
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Q|7} oA RO A LE. ™ (Kim et al., 2021a), ©] 23 T sl 7 Al siEsioF & dAl= 2 A= o] gt (Han,
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Table 1. Geographic information of six migratory beekeeping
stopover sites

Region Longitude (°E) Latitude (°N) Province
Changnyeong 128.4134 35.5694 Gyeongnam
Andong 128.7258 36.5715 Gyeongbuk
Cheonan 127.1824 36.8681 Chungnam
Icheon 127.4422 37.3340 Gyeonggi
Yeoncheon 127.0705 38.0153 Gyeonggi
Cheorwon 126.9784 383014 Gangwon

*Coordinates are those of the designated apiary in each region.
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Table 2. Estimated bloom onset dates of Robinia pseudoacacia at
six stopover sites (2024~2026)
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Region 2024 2025 2026
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Changnyeong 4.30(120) 5.5(125) 4.30(120) o _ _
N3 A1ZFQ] Ao S olst A o] IA7} Felx]Q)
Andong 5.7(127) 5.13(133) 5.4(124) FI=oF Zhk Al Afelel] f-efet o] wAE Sl =9l
Cheonan 5.7(127) 5.16(136) 5.5(125)
Icheon 5.8(128) 5.12(132) 54(124) Table 3. Rank correlation of estimated bloom onset among years
Yeoncheon 5.15(135) 5.24(144) 5.7(127) ]
Cheorwon 5.16(136) 5.28(148) 5.12(132) Year pair Spearman p Exact p Kendall ¢ Exact p
Mean 128.8 136.3 1253 2024~2025 0.812 0.0722 0.690 0.0833
2025~2026 0.986 0.0056 0.966 0.0056
Values in parentheses are calendar-aligned day of year. Latitudes are given 2024~2026 0.868 0.0361 0.786 0.0417
in Table 1.
Table 4. Latitudinal gradient of estimated bloom onset by year (Eq. 3; n =6 per year, df =4)
Year Sy St b a SE(b) t R’ P Spread
2024 28.974 5011 5.782 —85.7 0.604 9.574 0.958 0.0007 16
2025 39.205 5011 7.824 —154.0 1.525 5.131 0.868 0.0068 23
2026 18.168 5011 3.626 -92 0.820 4.424 0.830 0.0115 12

*b, slope in d °lat™"; a, intercept; Spread, south-north difference in bloom onset (d).
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Fig. 1. Flowering periods of Robinia pseudoacacia at six migratory beekeeping stopover sites (2024~2026). Bars indicate the assumed 13-day
flowering period from estimated bloom onset. Sites are ordered by latitude (north downward). Dashed lines mark the date of maximum simulta-
neous flowering.

Table 5. Intervals of estimated bloom onset between consecutive stopovers along the south-to-north route (days)

Year CN—AD AD—CA CA—IC IC—YC YC—CW Total Reversals
2024 +7 0 +1 +7 +1 16 0
2025 +8 +3 -4 +12 +4 23 1
2026 +4 +1 -1 +3 +5 12 1

*CN, Changnyeong; AD, Andong; CA, Cheonan; IC, Icheon; YC, Yeoncheon; CW, Cheorwon. Negative values indicate reversal, i.e. the northern site
bloomed first.
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Fig. 2. Latitudinal gradient of estimated bloom onset by year. The slope was 7.82 d °lat™" in 2025 but 3.63 d °lat™" in 2026. Site labels are
placed on the 2026 series.

Table 6. Maximum number of simultaneously flowering sites (Eq. Table 7. Number of stopovers harvestable in sequence, M(D)

1) and total migratory season length (Eq. 2) under three assumed

flowering durations Minimum residence D 2024 2025 2026
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Table 8. Prediction error of estimated bloom onset using spatial
information only (Eq. 4)

Train — Test MAE(d) RMSE(d) Max error(d)
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2024 — 2026
2025—2024
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Site climatology (LOO)
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