
INTRODUCTION

Rapid climate change has significantly affected the 
composition of local native species, impacting both 
plants and animals. These changes have led to alterations  
in the ecosystems of affected regions (Walther, 2010; 
Burkle and Alarcon, 2011; Peck, 2011; Pauls et al., 2013;  
Bradley et al., 2024). Beyond native species, human- 
managed organisms, such as crops and livestock, are also 
profoundly impacted, often resulting to economic losses  

(Zilberman et al., 2004; Nelson et al., 2014; Altieri et al., 
2015; Monteleone et al., 2023). Consequently, climate  
change has continued to harm agriculture (Rosenzweig 

et al., 2002; Rusmayandi et al., 2023). Although various 
solutions have been proposed (Howden et al., 2007; 
Davies et al., 2009; Agovino et al., 2019), they remain 
insufficient.

Most insects that interact with crops in agroecosystems  
are also greatly affected by climate change (Skendzic et 
al., 2021). Among these, pollinators play a critical role 
by providing ecosystem services that support both wild 
and cultivated plants. Shifts in pollinator diversity and 
abundance can significantly affect pollination services, 
with broad implications on the surrounding flora (Gian- 
nini et al., 2017). Pollinators are generally classified into 
managed pollinators, such as honeybees (Apis spp.) and 
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bumblebees (Bombus spp.), and wild pollinators, which 
inhabit natural ecosystems and provide essential pollina-
tion services for plants in nearby forests and agricultural 
areas (Garibaldi et al., 2014; Pecenka et al., 2023). In  
particular, wild pollinators interact closely with their habi- 
tats, and plant diversity in these environments can both 
influence and be influenced by their activities (Eeraerts, 
2023). Recently, studies have focused on conserving and 
enhancing pollinator populations to improve the producti- 
vity of open-field crops (Feltham et al., 2015; Garibaldi 
et al., 2017; Aguilera et al., 2020). However, the increas-
ing impacts of climate change continue to thwart efforts 
to maintain and manage these populations effectively.

Managed pollinators, such as honeybees (A. mellifera), 
are essential for honey production and crop pollination 
within controlled environments, creating significant 
economic value through industrial applications (Losey 
and Vaughan, 2006; Jung and Shin, 2022). Specifically, 
the honeybee is widely utilized across various crops, 
contributing substantial value to the agricultural sector 

(Yoon et al., 2021). Beekeeping products further bolster 
this contribution, positioning the honeybee as a key spe-
cies within the industrial insect market (Resh and Carde, 
2009; Hill, 2012). Nonetheless, the industry has recently 
suffered considerable economic losses due to colony 
declines caused by pests, pesticide exposure, climate 
change, and other external stressors (Hristov et al., 2020; 
de Jongh et al., 2022).

In response, international efforts are underway to col- 
lect foundational data by monitoring environmental  
factors such as internal hive temperature, relative humi- 
dity, and additional conditions affecting the health of 
honeybee colonies (Flores et al., 2019; Neov et al., 2019; 
Thoms et al., 2019). However, research on environmen-
tal monitoring within honeybee colonies, specifically  
adapted to domestic conditions, remains limited. Addi-
tionally, wooden and EPP materials are the most com-
monly used for beehives in South Korea (Lee et al., 2015).  
Wooden hives are relatively inexpensive but heavy, 
whereas EPP hives are lightweight yet more expensive. 
These differences in material properties may significant-
ly influence the internal microclimate of beehives, which 
is a critical factor for the health and productivity of 
honeybee colonies (Cook et al., 2021). Despite this, the 
impact of hive material on the stability of internal tem-
perature and relative humidity, particularly under varying 

climatic conditions, remains insufficiently studied.
This study aims to analyze annual patterns of tempera-

ture and relative humidity within honeybee colonies in 
response to external climate conditions. To achieve this, 
thermosensors were installed both inside and outside 
honeybee hives to continuously record these variables 
throughout the year. The resulting data were analyzed 
to evaluate changes in internal temperature and relative 
humidity as influenced by external climate factors, fo-
cusing specifically on the two widely utilized hive mate- 
rials in South Korea: Epp and wood. Furthermore, the 
SARIMAX model was employed to quantify the impact 
of external climatic conditions on the stability of internal 
hive microclimates.

MATERIALS AND METHODS

1. Study site and insect

The experiment was conducted across 10 beekeeping 
farms located in nine regions within seven provinces in 
South Korea (Table 1). Three honeybee (A. mellifera) 
colonies were used per region. At each beekeeping farm, 
two wooden hives and one EPP (Expanded polypropyl-
ene) hive were selected for the experiment. The initial 
colony strength was standardized to an average of 4.3±
1.3 frames per single brood chamber, and colonies were 
maintained in this single-chamber setup throughout the 
monitoring period. Sugar syrup and pollen patties were 
provided as needed based on the timing and colony 
strength, while pest and disease control was conducted 
according to standard practices.

2.  Monitoring of temperature and  
relative humidity

Monitoring was conducted for approximately one year, 
from July 25, 2023, to July 1, 2024. The data recording  
interval was set to one hour. Sensors (SHT30-ARP-B, 
Sensirion AG, Zurich) for temperature and relative humi- 
dity monitoring were installed in three locations within 
the hive (Langstroth hive): the bottom, the side, and 
the center (positioned at the center of the comb). Tem-
perature and relative humidity data were collected from 
Daeseong Hive company (Jeonju, South Korea).
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3. Data analysis

The seasonal mean temperature and relative humid-
ity between the external and internal environments of 
the beehive were compared using a t-test. A one-way 
ANOVA (95% confidence level) was conducted to com-
pare the mean internal and external temperature and 
relative humidity of honeybee colonies across different 
experimental sites, followed by a post hoc test using 
Tukey’s HSD. Normality and homogeneity of variance 
were tested prior to performing analysis of variance. 
Levene’s test was conducted to examine differences in 
the variability of diurnal temperature and relative hu-
midity fluctuations within the beehive according to the 
material. Subsequently, one-way ANOVA was used to 
test for differences in the means. The SARIMAX (Sea-
sonal autoregressive integrated moving average with 
exogenous variables) model was used to evaluate the 
impact of external temperature and relative humidity on 
internal temperature and relative humidity changes in 
the beehive. The suitability of the evaluation model was 
assessed using fit indices such as AIC (Akaike informa-
tion criterion) and BIC (Bayesian information criterion), 
and prediction errors were calculated using RMSE (Root 
mean squared error) and MAPE (Mean absolute per-
centage error). Additionally, the predictive accuracy of 
the SARIMAX model for internal temperature changes 
was evaluated by comparing the model-generated pre-
dictions with actual observed values. All analyses were 
performed using the R software Version 4.4.1 (R Core 
Team, 2023).

RESULTS

1.  Annual microclimate monitoring of  
apiaries and beehives

Over one year, from July 2023 to July 2024, a total of 
161,277 data points on temperature and relative humidity  
were collected across South Korea. The average internal 
hive temperature across all sites was 26.2±14.7℃, with 
an external average of 17.2±11.4℃. Average internal 
relative humidity was 74.3±9.9%, compared to an exter- 
nal average of 62.3±23.6%.

Significant seasonal variations were observed in both 
internal and external microclimate parameters (Table 2). 
Internal temperatures peaked during summer (33.8±
4.3°C) and were lowest during winter (10.0±3.2°C), re-
flecting external climatic conditions. Similarly, internal 
relative humidity levels showed seasonal trends, with the 
highest levels recorded in summer (77.2±5.8%) and the 
lowest in winter (64.8±6.5%). Despite these variations, 
the internal microclimate demonstrated greater stability 
compared to external conditions, indicating that honey-
bee colonies effectively regulate their hive environments 
to mitigate the impact of seasonal climatic fluctuations.

External temperatures ranged from -10.0℃ to 70.0℃,  
while external relative humidity varied from 0% to 100% 

(Table 3). The highest mean annual external tempera-
ture was recorded in Gimhae (20.1±11.3℃), and the 
lowest in Jangheung (13.4±14.7℃). The widest annual  
mean daily temperature range outside the hives was ob-
served in Hoengseong1 (25.2±8.6℃), while the narrow- 

Table 1. Geographical location information of honeybee (Apis mellifera) colony monitoring sites in South Korea

No. Province
(-do)

City
(-si or -gun) Site ID

Coordinate Altitude
(m)Latitude Longitude

1 Chungcheongnam Dangjin DJ 36°51ʹ09.33ʺ 126°32ʹ51.38ʺ 43
2 Gangwon Hoengseong H1 37°29ʹ37.08ʺ 128°02ʹ15.76ʺ 141
3 H2 37°29ʹ16.83ʺ 128°00ʹ07.70ʺ 135
4 Gyeonggi Pyeongtaek P 36°56ʹ04.75ʺ 126°55ʹ04.72ʺ 23
5 Gyeongsangbuk Yecheon Y 36°41ʹ29.99ʺ 128°27ʹ16.57ʺ 136
6 Gyeongsangnam Gimhae G 35°18ʹ49.18ʺ 128°54ʹ19.66ʺ 98
7 Sancheong S 35°14ʹ44.01ʺ 127°53ʹ40.05ʺ 76
8 Jeollabuk Namwon N 35°23ʹ01.93ʺ 127°25ʹ27.17ʺ 139
9 Jeollanam Damyang DY 35°18ʹ19.94ʺ 126°59ʹ10.02ʺ 56

10 Jangheung J 34°33ʹ32.40ʺ 126°55ʹ01.21ʺ 58
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est range was found in Namwon (10.6±5.5℃). Relative 
humidity followed a similar pattern, with the highest  
external annual mean in Namwon (71.2±13.8%) and the 
lowest in Jangheung (40.2±38.7%). Across all apiary  
sites, the internal temperature of the beehives ranged 
from a minimum of -8.2℃ to a maximum of 49.6℃, 
while the relative humidity ranged from a minimum of 
16.4% to a maximum of 97.8% (Table 4). The highest 
annual mean internal temperature of the beehives was 
observed in Dangjin at 26.0±7.2℃, while the lowest  
was recorded in Sancheong at 19.1±11.4℃. The highest  
annual mean daily temperature range inside the beehives 

was observed in Hoengseong1 at 13.0±4.5℃, while 
the lowest was recorded in Yecheon at 5.2±2.2℃. The 
average internal relative humidity of the beehives was 
highest in Namwon at 78.9±5.9% and lowest in Hoeng- 
seong1 at 69.5±7.9%. The annual mean daily relative 
humidity range inside the beehives was highest in Hoeng- 
seong1 at 21.7±7.3% and lowest in Namwon at 9.9±
5.4%.

The internal temperature of the beehives ranged from 
-8.2℃ to 49.6℃, while the relative humidity varied  
between 16.4% and 97.8% (Table 4). Regionally, Dangjin 
recorded the highest mean internal temperature (26.0± 

Table 2. Seasonal variations in internal and external temperature (Mean±SD ℃) and relative humidity (Mean±SD %) of honeybee  

(A. mellifera) hives

Season 
Mean temperature (℃) Mean relative humidity (%)

Internal External t P Internal External t P

Spring
(Mar.-May) 28.6±3.9 17.5±5.6 112.72 <0.001 72.1±5.3 68.2±6.2 -19.74 <0.001

Summer
(Jun.-Aug.) 33.8±4.3 28.1±4.9 227.79 <0.001 77.2±5.8 82.1±4.8 58.91 <0.001

Autumn
(Seb.-Nov.) 27.0±3.4 15.2±3.9 156.70 <0.001 69.7±5.1 65.7±5.8 52.34 <0.001

Winter
(Dec.-Feb.) 10.0±3.2 3.2±4.2 176.03 <0.001 64.8±6.5 51.4±8.3 -36.13 <0.001

Temperature and relative humidity were compared between the interior and exterior of the hives across all seasons using a t-test (P<0.05).

Table 3. External beehive temperature (℃) and relative humidity (%) data, including minimum, maximum, annual mean, and diurnal tem-
perature range

Site

Temperature (℃) Relative humidity (%)

Min. Max. Mean
Temp.±SD

Mean
ADTR*±SD Min. Max. Mean

Hum.±SD
Mean

ADHR**±SD

Dangjin -2.9 57.5 18.3±8.2c 16.1±9.1d 12.4 99.6 66.9±15.3c 38.2±14.9ef
Damyang -9.1 55.2 18.7±12.3bc 23.1±12.2ab 6.0 100 69.0±21.0b 51.8±19.3bc
Gimhae -3.6 61.4 20.1±11.3a 21.9±10.6b 9.9 100 63.0±22.2e 47.5±19.2c
Hoengseong1 -10.0 58.0 18.9±11.8b 25.2±8.6a 9.7 100 65.7±20.7d 59.0±15.2a
Hoengseong2 -8.5 49.3 17.5±10.5d 17.8±9.2cd 4.1 100 60.2±18.2f 42.0±16.0de
Jangheung -3.0 54.8 13.4±14.7h 12.2±14.3e 0.0 100 40.2±38.7h 34.9±37.3f
Namwon -5.4 55.0 15.3±9.6f 10.6±5.5e 14.2 100 71.2±13.8a 28.8±11.1g
Pyeongtaek -9.9 54.2 14.7±10.8g 21.3±12.4b 0.0 100 56.4±28.1g 57.2±26.6ab
Sancheong -7.8 70.0 16.3±12.6e 20.2±11.4bc 7.3 100 65.9±18.7d 47.0±17.6cd
Yecheon -7.9 52.8 17.8±10.1d 18.4±8.6cd 8.1 97.7 56.8±20.0g 39.7±16.3ef

Differences in annual mean and diurnal temperature range were analyzed using one-way ANOVA (95% confidence level) and tested with Tukey’s HSD test.
*ADTR: Annual diurnal temperature range
**ADHR: Annual diurnal relative humidity range
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7.2℃), while Sancheong had the lowest (19.1±11.4 
℃). The widest daily temperature range was observed in  
Hoengseong1 (13.0±4.5℃), and the narrowest in Ye- 
cheon (5.2±2.2℃). Internal relative humidity was high- 
est in Namwon (78.9±5.9%) and lowest in Hoengseong1  

(69.5±7.9%).

2.  Temperature and relative humidity variability 
by beehive material

Analysis of temperature variability by hive material 
revealed significant differences, with EPP hives show-

ing more stable internal temperatures and lower diurnal 
fluctuations compared to wooden hives (F1, 5027 =47.23, 
P<0.001; Fig. 1). Diurnal temperature fluctuations in-
side wooden hives were significantly higher than in EPP 

(F1, 5024 =153.6, P<0.001). Similarly, diurnal relative 
humidity variability differed significantly between the 
materials, with EPP hives demonstrating lower fluctua- 
tions (F1, 5024 =142.9, P<0.001; Fig. 2). Levene’s test 
confirmed a significant difference in diurnal relative 
humidity variability between EPP and wood (F1, 5024 =  
25.70, P<0.001). 

Table 4. Internal beehive temperature (℃) and relative humidity (%) data, including minimum, maximum, annual mean, and diurnal tem-
perature range

Site

Temperature (℃) Relative humidity (%)

Min. Max. Mean 
Temp.±SD

Mean 
ADTR±SD* Min. Max. Mean 

Hum.±SD
Mean 

ADHR±SD**

Dangjin 4.71 36.9 26.0±7.2a 6.2±3.4fg 42.6 88.6 69.9±6.4e 14.5±8.2b
Damyang -0.49 43.7 23.0±9.4cd 8.0±3.8d 42.6 94.0 72.1±9.3c 15.1±10.0b
Gimhae 1.66 39.3 25.8±8.0ab 7.5±3.2de 44.3 95.0 74.3±8.5c 14.9±7.9b
Hoengseong1 -8.22 41.0 23.5±9.8c 13.0±4.5a 36.2 93.0 69.5±7.9e 21.7±7.3a
Hoengseong2 -3.08 49.6 23.3±9.9c 9.1±5.3c 16.4 87.8 70.6±7.8e 15.0±8.2b
Jangheung -2.46 47.5 21.1±9.6de 10.2±4.9b 39.7 94.5 77.5±8.3ab 15.1±12.1b
Namwon 4.12 36.6 22.9±7.4c 6.6±2.7ef 45.6 92.8 78.9±5.9a 9.9±5.4c
Pyeongtaek -8.70 37.2 21.4±10.8cd 7.9±3.7d 44.1 88.2 70.2±6.7e 15.4±6.8b
Sancheong -4.85 39.5 19.1±11.4e 9.6±4.2bc 41.4 92.4 76.9±7.1b 16.2±9.0b
Yecheon 0.15 37.5 23.5±9.9bc 5.2±2.2g 44.5 97.8 72.0±6.2d 14.4±6.8b

Differences in annual mean and diurnal temperature range were analyzed using one-way ANOVA (95% confidence level) and tested with Tukey’s HSD test.
*ADTR: Annual diurnal temperature range
**ADHR: Annual diurnal relative humidity range

Fig. 1. Temperature fluctuation range inside honeybee (A. mellifera)  
hives made of different materials (EPP and wood) during the mon-
itoring period in South Korea. Error bars represent the standard 
deviation, and gray dots indicate outliers. Levene’s Test was used 
to assess the difference in variability of temperature fluctuations be-
tween the two materials (F1, 5024 = 47.23, P<0.001), and a one-way 
ANOVA was used to test for differences in mean fluctuation range 

(F1, 5024 = 153.6, P<0.001).

Fig. 2. Relative humidity fluctuation range inside honeybee (A. mel-
lifera) hives made of different materials (EPP and wood) during the 
monitoring period in South Korea. Error bars represent the standard 
deviation, and gray dots indicate outliers. Levene’s Test was used 
to assess the difference in variability of temperature fluctuations be-
tween the two materials (F1, 5024 = 25.70, P<0.001), and a one-way 
ANOVA was used to test for differences in mean fluctuation range 

(F1, 5024 = 142.9, P<0.001).
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3.  Influence of external climate on  
the internal microclimate in the beehive

The SARIMAX model analysis showed that both exter- 
nal temperature and relative humidity significantly in-
fluenced internal hive temperature (Table 5). The model 
estimated an external temperature coefficient of 0.3657, 
indicating that a 1℃ increase in external temperature is 
associated with an approximate 0.37℃ increase inside 
the hive. The coefficient for external relative humidity 

was 0.0331, suggesting that a 1% rise in external relative 
humidity results in an approximate 0.03℃ increase in 
internal temperature. Model performance metrics yield-
ed an AIC of 825.6, BIC of 856.06, RMSE of 0.8008, 
and MAPE of 2.85%, indicating reliable prediction ac-
curacy, with seasonal patterns closely aligning between 
observed and predicted values (Fig. 3).

Similarly, both external temperature and relative humi- 
dity significantly impacted internal hive relative humidity.  
The external temperature coefficient was 0.2431, suggest- 

Table 5. SARIMAX model evaluating the effects of external temperature and relative humidity on beehive temperature and relative humid-
ity in the beehive

Model Parameter Coefficient
(SE) P-value

Model fit
RMSE MAPE

AIC BIC

Beehive
temperature

External
temperature

0.3657
(0.0214) <0.001

825.6 856.1 0.8008 2.85%
External
relative humidity

0.0331
(0.0058) <0.001

Beehive
relative humidity

External
temperature

0.2431
(0.0278) <0.001

1048.1 1078.6 1.1208 1.36%
External
relative humidity

0.0901
(0.0078) <0.001

Model fit was evaluated using AIC (Akaike information criterion) and BIC (Bayesian information criterion), and predictive performance was measured using 
RMSE (Root mean squared error) and MAPE (Mean absolute percentage error) indicators.

Fig. 3. Prediction of internal beehive temperature using the SARIMAX model. The red line represents the actual measured internal tem-
perature of the hive, while the cyan line shows the temperature predicted by the SARIMAX model. The gray area represents the prediction 
interval, visually indicating the model’s uncertainty.
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ing a 1℃ increase in external temperature raises internal 
relative humidity by approximately 0.2431%. The exter-
nal relative humidity coefficient was 0.0901, indicating 
that a 1% increase externally corresponds to approxi-
mately 0.0901% rise internally. Model fit metrics for 
relative humidity yielded an AIC of 1048.08, BIC of 
1078.55, RMSE of 1.1208, and MAPE of 1.36%, with 
seasonal patterns of internal relative humidity aligning 
closely with actual observations (Fig. 4).

DISCUSSION

Monitoring of internal and external temperature and 
relative humidity across 10 apiaries in South Korea over  
a one-year period showed that the internal tempera-
ture range of the hives varied from -8.2℃ to 49.6℃. 
The external temperature range was observed to range 
between -10℃ and 70℃, suggesting that honeybees 
likely expended significant energy on thermoregulatory  
behaviors to adapt to these harsh external climate con-
ditions. Honeybees must maintain the central hive tem-
perature at approximately 33-36℃, except during hiber- 
nation (Heldmaier, 1987; Humphrey and Dykes, 2008). 
However, when unexpected cold spells in spring or ex-

treme heat waves in summer cause external tempera- 
tures to exceed this optimal range, honeybees are forced 
to expend greater energy than usual to regulate the hive 
temperature (Stabentheiner et al., 2010). According to  
Rodriguez-Vasquez et al. (2024), the acceptable tem-
perature thresholds within colony are defined as 6-38℃.  
Exceeding this range can lead to severe metabolic dam-
age in honeybees. Ultimately, this can adversely affect 
the entire colony, potentially leading to its losses. This 
suggests that, despite their microclimate regulation 
abilities, honeybees may find it increasingly difficult to 
survive and function under rapidly changing external 
climate conditions.

The average temperature and relative humidity inside 
and outside the hives showed significant differences 
across seasons. South Korea experiences four distinct 
seasons throughout the year, which contributed to notable  
variations in the external climate and the internal micro-
climate of the hives in each season. These differences 
are likely to have a substantial impact on honeybees 

(Knoll et al., 2020). To alleviate the stress caused by 
these climatic fluctuations, various management strate-
gies are required.

The variability of internal hive microclimates differed 
across regions, showing a range of temperatures and rela-

Fig. 4. Prediction of internal beehive relative humidity using the SARIMAX model. The red line represents the actual measured internal tem-
perature of the hive, while the cyan line shows the temperature predicted by the SARIMAX model. The gray area represents the prediction 
interval, visually indicating the model’s uncertainty.
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tive humidity levels. Notably, in the same region, Hoeng- 
seong1 and Hoengseong2 exhibited similar annual aver-
age internal temperatures, but their annual average daily 
temperature ranges within the hives differed. This sug-
gests that even within the same area, factors such as hive 
placement, surrounding structures, terrain, and the pre- 
sence of nearby water sources can influence the external 
climate conditions impacting the hives (Bordier et al., 
2017). For example, Hoengseong1 featured shelter facil- 
ities installed over the beehives, providing shade and 
some protection from direct environmental exposure, 
whereas Hoengseong2 lacked such facilities, leading to  
greater exposure to external climate variability. Supple-
mentary studies on additional environmental factors, 
including investigations of surrounding topographic fea-
tures and landscape are needed to better understand their 
impacts on hive microclimates.

The internal temperature and relative humidity of EPP 
and wooden hives exhibited different variability in re-
sponse to external climate conditions. EPP hives main-
tained more stable internal temperatures and relative  
humidity levels compared to wooden hives. In particular, 
the smaller daily fluctuations in temperature and relative 
humidity within EPP hives indicate superior insulation 
properties of the EPP material. According to Cook et al. 

(2021), EPP hives can reduce heat loss by up to 77% 
compared to wooden hives of the same thickness, due 
to the lower thermal conductivity of EPP, which makes 
it less susceptible to external temperature fluctuations. 
Although domestic beekeepers initially expressed con-
cerns over relative humidity management in EPP hives, 
despite their superior insulation compared to wooden 
hives, this study confirmed that EPP also demonstrated 
better stability in relative humidity. The use of EPP hives 
suggests a potential management strategy to alleviate 
environmental stress on honeybees caused by climate 
change and extreme weather events.

Assessment of the impact of external climate condi-
tions on the internal microclimate of honeybee hives 
revealed that a 1℃ increase in external temperature 
corresponded to a 0.3657℃ increase in hive tempera-
ture, underscoring the substantial influence of external 
conditions on hive microclimate stability. These findings 
provide quantitative evidence that variations in external 
climate can significantly alter the internal hive environ-
ment, highlighting the necessity for refined management 

strategies. Such strategies may include targeted tempera- 
ture control measures based on hive location and sur-
rounding environmental factors to maintain optimal 
conditions for colony health. Aligned with findings by 
Ziegler et al. (2022), which highlight the strong associa-
tion between climatic factors and honeybee colony pro-
ductivity, the results of this study emphasize the critical 
role of microclimate management within the honeybee 
ecosystem. Ziegler et al. demonstrated that hive weight 
functions as an indirect indicator of colony size and fora- 
ging productivity, with external temperature exerting a 
significant influence on hive weight variability. These 
results suggest that fluctuations in external temperature 
may compel honeybees to expend additional energy to 
stabilize internal hive temperatures, potentially exerting 
adverse effects on colony health and overall productivity.  
Furthermore, a substantial body of research has indicated  
that climate change is likely to exert adverse effects on 
honeybee populations (Conte and Navajas, 2008; Cun-
ningham et al., 2022; Zapata-Hernandez et al., 2024), 
highlighting the ongoing need for quantitative data to 
provide more robust support for these conclusions. By 
providing quantitative measurements of internal hive 
temperature fluctuations in response to external tempera- 
ture increases, this study offers foundational data that 
may inform strategies for environmental adaptation and 
management of honeybee colonies under projected cli-
mate change scenarios.

In this study, we conducted year-round monitoring 
of external climate conditions and internal hive micro- 
climate to evaluate the variability in internal temperature 
and relative humidity across different hive materials, 
as well as the influence of external climate on internal 
microclimate stability. These findings highlight the need 
for further research into the specific impacts of internal 
microclimate on honeybee behaviors and suggest inves-
tigating the long-term effects on colony health in relation  
to hive material and placement.
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