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Analysis of Light-Environment Factors Affecting Foraging Activity
and Colony Development of Honey Bees [Apis mellifera) in Spring
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m Honey bee foraging is driven by both internal colony needs, such as brood rearing and population
strength, and external factors including temperature, humidity, and light. In early spring, when
queens resume oviposition, adequate foraging is essential for brood development and colony
recovery. To assess the role of light, we compared colonies placed in open field and bee-house.
In 2024, seven open-field and twenty bee house colonies were monitored from February to May,
with ambient temperature and humidity recorded every 10 minutes and adult bee numbers
surveyed monthly. In 2025, three colonies per environment were maintained in an experimental
apiary, where light, temperature, and humidity were recorded hourly from April 1 to May 1.
Foraging activity was evaluated using pollen traps, while adult bee numbers and brood area were
measured to assess colony growth. Environmental conditions were broadly similar across sites,
except for light, which was approximately threefold higher in the open field. Colonies exposed
to greater light collected more pollen and showed significantly higher increases in adult bee
numbers. Brood area differences were not statistically significant but tended to be larger in the
open field. Light intensity strongly influences honey bee foraging and early colony buildup. Low-
light bee houses may hinder spring recovery, highlighting the importance of designs that provide
adequate illumination to sustain colony growth and productivity.

LGB Bee house, Light intensity, Pollen foraging Brood development, Apiary management
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Fig. 1. Photographs of experimental environments where honey bee
colonies were placed in spring. Colonies were maintained either in an
open field apiary (right) exposed to natural light or inside a shaded
bee house (left) designed to reduce light intensity, enabling evalua-
tion of the effects of light intensity on colony growth.
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Fig. 2. Sunlight intensity on the colonies placed in the open field
and the bee house. The open-field colonies received significantly
higher light intensity than those in the bee house (p <0.05).

Table 1. Mean temperature (°C £ SD) of daily average, maximum and minimum during the observation outside of the honey bee colonies
in the open field and bee-house during the spring of 2024 and 2025, and the frequency (n) of biologically meaningful events; <6°C (lower
threshold), 20~25°C (optimum range), and >35°C (upper threshold)

2024 2024 2025
Temperature (°C) Feb~Mar April~May April~May
Open House Open House Open House
Average 4.7+6.62 5.1%£6.13 159+7.75 160+7.1 129+7.44 13.1+7.11
Maximum. 14.8+6.28 143+£597 279+7.75 282+6.47 22.1+5.12 214501
Minimum. 1.6+£4.07 1.0+3.65 79+352 8.5+3.26 45+4.18 53+£3.99
Frequency (n)
Lower 3970 3796 412 293 147 130
Optimum 135 74 816 1028 97 101
Upper 0 0 35 36 0 0
228 http://journal.bee.or.kr/
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Fig. 3. Pollen collection (g/12h/colony) by the honey bee colonies
placed in the open field and bee house. Colonies in the open field
collected significantly more pollen than those in the bee house (Wil-
coxon rank sum test, W =1185.5, p<0.05).
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Fig. 4. Comparison of colony growth parameters between open-field and bee-house conditions. (a) Number of adult bees recorded on February
17, March 14, April 11, and May 17, 2024. No significant differences were found on the first three sampling dates, whereas colonies maintained
in the open field showed a significantly greater number of adults than those in the bee house on May 17 (p <0.05). (b) Number of adult bees on
April 1 and May 1, 2025. The two environments did not differ on April 1, but colonies in the open field had significantly more adults than those
in the bee house on May 1 (p <0.05). (c) Number of brood cells on April 1 and May 1, 2025. No significant differences were detected between

the two environments on either date.
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Fig. 5. Adjusted R? from all subsets regression showing light as the
primary explanatory variable, with minimal contribution from pollen
and temperature.
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Light intensity

o

Individual level
= Photoreceptor — Navigation, foraging activity

= Solar heat gain — Energy saving

Colony level

= Task allocation flexibility

- Low light: more heating — Less foraging

- High light: external heat gain — More foraging
= Reduced energy cost for thermoregulation

- More resources allocated to colony growth

Outcomes

x Increased pollination

py
u Increased foraging (resource collecting 1)

Increased colony productivity

Increased colony growth

Fig. 6. Hypothetical mechanisms by which light intensity affect honey bee colonies. Light intensity influences honey bee activity through both
individual-level effects (photoreceptor-driven navigation and solar heat gain for energy saving) and colony-level effects (brood nest thermoreg-
ulation and task allocation). Sufficient external heat reduces energy costs for thermoregulation, enabling more workers to engage in foraging.
As aresult, resource collecting increases, which supports colony growth and overall productivity.
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