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Abstract:
This study aimed to analyze the effect of the internal size on the strength (brood area) and
productivity (honey and pollen areas) of the honeybee hives during the winter season in a
semiarid region of the central Mexican plateau. Four Jumbo hive frames (45 x 28 cm) were
used inside brood chambers with three internal sizes (52.2, 42.3, and 23.9 L), each chamber
contained the same number of honeybees. Simultaneously, it was recorded the temperature
inside the hives to determine if the brood chamber temperatures varied with the volume.
The Jumbo hive, which is the largest hive, is the most used in the central Mexican plateau
and showed the lowest strength and productivity values, as well as the lowest internal
temperature. These results show that Jumbo hives can decrease the honey and pollen
productivity for the central Mexican plateau beekeepers, which is why it is necessary to
implement a practice or mechanism that allows maintaining strong beehives for the spring
harvest.
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Introduction
The climate plays an important role in the activity and behavior of social insects(1). For
example, the flight activity of Apis mellifera has a positive linear response to the ambient
temperature from 14 to 22 °C(2,3), and above 22 °C, the foraging activity decreases until it
stops at 35 °C(3). The egg-laying by the queen bee of this species starts at 24 °C, and at
around 33 °C it reaches its maximum capacity, subsequently decreasing(4). Additionally, the
choice of flowers by the honey bee depends on several factors, mainly the floral
availability, that is, it depends on the plant species whose flowering coincides with the
foraging period, and this flowering depends on the climatic conditions(5,6).
Bees storage large amounts of honey and pollen to provide energy and proteins to the
brood, as well as for thermoregulation purposes, which allows maintaining the brood nest
temperature between 32 and 36 °C for the correct development of larvae(7,8), despite having
external temperatures that fluctuate between -20 and 48 °C. To maintain a stable internal
temperature, bees employ active and passive mechanisms. Among the active mechanisms,
physical activity can increase (e.g., contraction of wing muscles) and decrease (e.g., wingfanning) the temperature(1,7,8). Passive mechanisms include brood nest selection and moving
the brood to regions with a more favorable temperature(1,8).
Overall, A. mellifera wild bees choose a brood nest based on different characteristics like
the size, height, entrance orientation, and internal volume(9,10,11). For example, A. mellifera
worker bees choose brood nests with volumes between 15 and 100 L, although the most
recurring size is 35 L(11). The characteristics that bees choose are important as the brood
nest protects against adverse temperatures and provides thermal stability for bees(8,12,13). In
beekeeping, humans determine the place and size of the brood nest; this space is known as
a hive(14). In Mexico, in general, beekeepers use two types of technified hives: Jumbo and
Langstroth(15). The internal space of the brood chamber of these hives is 52.1 and 41.7 L,
respectively(16).
The technified hives have mobile structures that allow increasing the space for egg-laying
by the queen, increasing or decreasing the size of the colony when the external
environmental factors are adverse(17). Therefore, the proper management of the space can
influence the survival of the colonies during critical times(13,18).
Recently, multiple changes in meteorological events have propitiated erratic gales and
ground frosts, which does not favor optimal conditions for the development of bee
flora(19,20,21). Therefore, it is necessary to evaluate how the internal space of the hives used
in Mexico affects the maintenance of populations during winter (when temperatures drop
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and bees must warm the brood nest using active mechanisms), and determine the effect of
the hive size on bees and some of their products such as honey and pollen, under the
specific conditions of each apicultural region. Therefore, this study aimed to determine the
effect of the internal size of the hive on the production of offspring and the storage of
honey and pollen, as well as the internal temperature of the brood nest in A. mellifera
colonies during winter.

Material and methods
Area of study

This study was performed in the locality of Huitzila, Tizayuca municipality, in the state of
Hidalgo (19°47’50’’ - 19°53’50’’ N; 99°02’ - 98°54’ W) at an altitude of 2,260 masl(22)
within the central Mexican plateau. This region has a humid subtropical climate with
rainfall during summer, an annual mean temperature of 15.1 °C, and annual mean
precipitation of 627 mm. The coldest month is January, with minimum and mean
temperatures of 1.4 and 11.5 °C, respectively; the warmest month is May, with minimum
and mean temperatures of 8.7 and 17.8 °C, respectively(23).

Preparation of bees

On December 2016, at the end of the nectar and pollen flows, a total of 10 colonies
showing a homogeneous development were selected, from these colonies we extracted
approximately 120,000 adult bees(24) for the experiment, from which 10,000 worker bees
were assigned homogeneously to each of the 12 colonies used in the experiment. The
number of bees was determined by immobilizing them in a growth chamber (Shel Lab,
model LI15) at -2 °C for 10 min.
Each of the 12 groups of 10,000 bees was placed inside 12 hives with different internal
volumes and the capacity to house several Jumbo type frames (45 x 28 cm) (Figure 1). It
was used four hives with external measurements of 51 x 30 x 21 cm to house four frames,
four hives with external measurements of 51 x 30 x 34 cm to house eight frames, and four
51 x 30 x 41 cm hives to house 10 frames; the internal volumes were 23.9 L (experimental
hive), 42.3 L (Langstroth hive), and 52.2 L (Jumbo hive), respectively. The hives were built
of 2 cm thick pine wood and treated with paraffin. To each colony of 10,000 bees, we
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placed four frames with wax foundation and a newly fertilized queen bee from the same
breeding stock and from the same batch of a heterogeneous mixture of the Italian and
Carniolan species, which allowed the colonies to start with the same initial conditions
(queen bees were sisters). Each hive was supplied with 600 ml of syrup with a sugar to
water ratio of 1:1 and 150 g of a protein supplement (Apitir plus, Tirtécnica company)
every eight days(25,26). The supply of syrup and protein supplement was maintained
throughout the experiment.
Figure 1: Hives with different internal volumes used during the experiment, A)
experimental hive, B) Langstroth hive and C) Jumbo hive

Experiment

Four replications were used for each hive size, giving a total of 12 experimental units
arranged in a completely randomized design, at a distance of 2 m between rows and 1 m
between hives in the same row(17). The internal temperature of the hives was recorded using
24 data loggers (Thermochron iButton, model DS1921G). In each hive, two data loggers
were placed in the third frame, one in the center and the second in the head to determine if
the internal temperature varied with the brood chamber volume. Additionally, the ambient
temperature in the shade was recorded using 12 dataloggers. Temperatures were recorded
every 60 min during the experiment.
The experiment started the first week of December and ended on April 28, at the beginning
of flowering. The brood, honey, and pollen areas were quantified using a plastic laminate
grid in centimeters(24) (Figure 2). The number of adult bees was not determined in order to
maintain social cohesion(24). The brood, honey, and pollen areas on both sides of each
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frame were recorded on only three dates (February 2, March 7, and April 28) to preserve
social cohesion(24).
Figure 2: A) Frame with and B) without the transparent grid used to quantify the brood,
honey, and pollen areas

Statistical analysis

A one-way analysis of variance (ANOVA) was used to determine if there are significant
differences between treatments (hive type) in the brood, honey, and pollen areas for each
sampling date. The mean temperatures at the center and head throughout the experiment
were also compared with an ANOVA, and assumptions were verified using the
Kolmogorov-Smirnov test for normality and the Levene test for homogeneity of variances,
and if not met, a non-parametric ANOVA (Kruskal-Wallis) was used. Turkey's multiple
comparisons test was applied when significant differences were obtained (P˂0.05). The
statistical analyses were performed with the statistical program SigmaStat 3.5(27). Average
± Standard Error is reported.
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Results
The brood area of A. mellifera on the first sampling date (February 2) was 1125.73 ±
136.65 cm2 for the 23.9 L hives, 1,016.75 ± 364.64 cm2 for the 42.3 L hives, and 1,398.63
± 334.67 cm2 for the 52.2 L hives; these values were not significantly different from each
other (F=0.44, g.l.=2,11, P>0.05) (Figure 3). The brood area of A. mellifera on the second
sampling date (March 7) was 1,610.25 ± 83.37 cm2 for the 23.9 L hives, 1,654.75 ± 473.37
cm2 for the 42.3 L hives, and 1,692.75 ± 68.03 cm2 for the 52.2 L hives; these values were
not significantly different from each other (H =0.50, g.l.=2, P>0.05). The brood area was
significantly different between the hive types at the end of the experiment (April 28)
(F=23.88, g.l.=2,11, P˂0.001). The brood area in hives with an internal volume of 23.9 L
was on average 3,077.25 ± 81.81 cm2, and in the 42.3 L hives, 2,906.2 ± 94.6 cm2; both
values were significantly higher than the value in the colonies developed in 52.2 L hives,
whose brood area was 2,331.2 ± 59.5 cm2 (P˂0.01). The brood area in the 23.9 L hives was
not significantly different from that in the 42.3 L hives (P>0.05).
Figure 3: Brood area (average ± standard error) in three hive sizes at the end of the study
period

ab

Values with different letters indicate significant differences (P˂0.05).

The honey area on the first sampling date was 980.38 ± 263.64 cm2 for the 23.9 L hives,
952.75 ± 201.76 cm2 for the 42.3 L hives, and 992.50 ± 93.93 cm2 for the 52.2 L hives
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(F=0.01, g.l.=2,11, P>0.05) (Figure 4). The honey area on the second sampling date was
905.75 ± 198.38 cm2 for the 23.9 L hives, 465.25 ± 167.03 cm2 for the 42.3 L hives, and
621.50 ± 184.88 cm2 for the 52.2 L hives (F =1.48, g.l.=2,11 P>0.05). The honey area at
the end of the study period was significantly different between the hive types (F=8.80,
g.l.=2,11, P˂0.01). The average of the honey area in the 23.9 L hives (1,424 ± 56.9 cm2)
was significantly higher than that in the 52.2 L hives (849.5 ± 94.4 cm2, P˂0.05), but it did
not differ significantly from the value in the 42.3 L colonies (1,056 ± 19.7, P>0.05). The
honey area in the 42.3 and 52.2 L hives was similar (P>0.05).
Figure 4: Honey area (average ± standard error) in three hive sizes at the end of the study
period

ab

Values with different letters indicate significant differences (P˂0.05).

The pollen area on the first sampling date was 136.38 ± 26.67 cm2 for the 23.9 L hives,
242.75 ± 147.59 cm2 for the 42.3 L hives, and 112.50 ± 13.14 cm2 for the 52.2 L hives
(H =0.34, g.l.=2, P>0.05). The pollen area on the second sampling date was 252.75 ± 77.03
cm2 for the 23.9 L hives, 146.5 ± 35.11 cm2 for the 42.3 L hives, and 192.5 ± 43.19 cm2 for
the 52.2 L hives (F =0.94, g.l.=2,11 P>0.05). The pollen area at the end of the study period
was significantly different between the hive types (F =9.12, g.l.=2,11, P˂0.01) (Figure 5).
The pollen area at the end of the study period was significantly larger in the 23.9 L hive
(227.0 ± 37.0 cm2) than in the 42.3 L (87.7 ± 29.9 cm2) and 52.2 L (56.2 ± 21.3 cm2) hives
(P˂0.05). The pollen area in the 42.3 and 52.2 L hives was not significantly different
(P>0.05) (Figure 5).
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Figure 5: Pollen area (average ± standard error) in three hive sizes at the end of the study
period

ab

Values with different letters indicate significant differences (P˂0.05).

The average temperature in the center of the hives was relatively stable throughout the day
during the experiment, despite the fact that the ambient temperature varied on average
between 7 and 33 °C (Figure 6). The temperature in the center of the 23.9 L hives was 33.6
± 1.0 °C, 33.4 ± 0.8 °C in the 42.3 L hives, and 33.7 ± 0.9 °C in the 52.2 L hives (F=0.04,
g.l.=2,11, P>0.05). The average temperature in the head varied throughout the day in the
three hive types and was significantly higher in the 23.9 L (23.4 ± 0.5 °C) and 42.3 L (23.8
± 0.6 °C) hives than in the 52.2 L hives (21.4 ± 0.4 °C) (F=6.92, g.l.=2,11, P˂0.05) (Figure
7). The head temperature in the 23.9 and 42.3 L hives was not significantly different
(P>0.05).
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Figure 6: Ambient and internal (center and head of the third frame) temperatures in three
hive sizes

The values represent the average ± standard error.

Figure 7: Head temperature (average ± standard error) in three hive sizes at the end of the
study period

ab

Values with different letters indicate significant differences (P˂0.05).
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Discussion
The results obtained in this study demonstrate that the colony development expressed as the
brood area at the end of the experiment was lower when it was on the Jumbo type brood
chamber, the larger one (Figure 3). Similarly, the honey and pollen area were lower in the
hives with larger internal volumes (52.2 and 42.3 L) than the 23.9 L experimental hives
(Figure 4,5). These results coincide with those reported by Abd-Elmawgood et al(15), who
compared three internal hive sizes (38, 31, and 24 L) and obtained the best response
(increased amount of brood, pollen, and honey) with the smaller hives. As in our work, they
also found that the differences in the amount of brood, pollen, and honey between hives of
different internal sizes manifested in late winter and early spring. Similarly, Ballesteros et
al(28) reported that royal jelly production was higher in rearing hives with six frames than in
hives with eight and ten frames.
It was also found that the temperature in the center of the brood nest of A. mellifera was not
significantly different concerning the size of the hive, indicating that regardless of the size
of the hive, bees can thermoregulate and maintain the brood at temperatures around 33 °C
for their offspring to develop properly(7,8). However, the head temperature was significantly
lower in the Jumbo hives (52.2 L) than in the 42.3 and 23.9 L hives (Figures 6,7). These
results show that bees can more efficiently conserve the heat generated during the heating
of the brood nest in the smaller brood chambers, which had already been suggested(15,28).
The lower percentage of brood, honey, and pollen areas found in the larger hives may be
related to different factors. Bees have probably consumed more honey in the hives with a
lower internal temperature to obtain the necessary metabolic energy to thermoregulate(29,30).
Although the heat production was not directly quantified, we did observe that in the Jumbo
hives the worker bees remained aggregated around the brood nest for a longer time than in
the smaller hives, which suggests that the worker bees in the larger hives invested more
time in thermoregulation than in brood production(31) or foraging(2,3,18). Additionally, a
higher temperature inside the smaller hives could facilitate the nest construction since the
wax elasticity increases, and the energy expenditure to mold it decreases as the temperature
increases(32,33). Finally, it is necessary to consider that the colony development also depends
on the adults present during the winter season(17); however, in this study, it was not
quantified the adults to avoid affecting the social cohesion of the colonies(24), but it is
necessary to consider these data in future studies.
It has been suggested that it is necessary to use hives that allow increasing the internal
temperature of the European beehives during the winter season(34,35,36). In this study, it was
compared two hives commonly used in Mexico (Jumbo and Langstroth) and a smaller
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experimental hive. The results show that the experimental hive provides better thermal
conditions and increases in strength (greater amount of brood) and productivity of the
honeybee. However, the thermal and internal space requirements of the A. mellifera hive
can vary between breeds and climates(37-40); therefore, it is necessary to perform studies
under the specific conditions of each apicultural region.

Conclusions and implications
The best response of strength (greater amount of brood) and honey reserves were recorded
when the hive with the smallest internal size (23.9 L) was used. The Jumbo hive, used in
the central Mexican plateau, showed the lowest honey, pollen, and brood values at the end
of winter. This can decrease the honey and pollen production of beekeepers that use this
type of hive, which is why it is convenient to implement a practice or mechanism that
allows maintaining strong bee colonies for the spring harvest. For example, bees can be fed
water and nectar and pollen substitutes, and the internal size of the hive can be reduced
using space reducers. Winter is traditionally considered a season in which the queen bee
stops laying eggs, and the thermal and feeding requirements of the colony decrease.
However, during this study, performed in the Tizayuca municipality, it was recorded
ambient temperatures higher than 24 °C for more than six hours a day during the winter,
which allowed the queen bee to maintain its egg-laying activity during this season. This
different behavior requires better monitoring by the beekeeper to maintain the bee colonies
with enough food reserves during the winter to avoid their weakening.
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