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Honeybee colonies exhibit a wide range of variations in their performance, depending on genetic and environmental factors.
However, there has been little research carried out on Apis mellifera bandasii (A. m. bandasii) populations to characterize their
behavioural performance. To gain insight into the details of the behavioural performance of this local honeybee, we characterized
and compared the colony performance of honeybee populations at diferent altitudes. Fifty honeybee colonies per site, making a
total of 150 colonies, were established at Bako (mid-highland), Gedo, and Holeta (highland). Te colonies were evaluated for
brood-rearing activities, resource collecting, brood solidity, swarming, defensive and hygienic behaviours, and honey yield
parameters. Te average brood areas were determined to be 6114.13± 500.36, 3298.30± 365.92, and 2521.23± 244.67 cm2 per
colony; the average nectar areas were found to be 3399.46± 738.88, 1238.78± 228.96, and 1883.09± 232.57 cm2 per colony; the
average number of queen cells was determined to be 0.62± 0.30, 1.20± 0.39, and 2.19± 0.49 per colony; the average percent of pin-
killed broods removed was determined to be 93.78± 1.74, 96.42± 1.86, and 80.09± 7.86 per colony; the average percent of colonies
absconded was determined to be 36, 54, and 46 per site at Holeta, Gedo, and Bako, respectively. Te mean diferences among the
locations for brood areas, nectar areas, number of queen cells, percent of pin-killed broods removed, and percent of colonies
absconded were signifcant (p< 0.05), while the variations in the area of stored pollen, brood solidness, and honey yield were not
signifcant. Signifcant variation within colonies of the same apiary of the same subspecies was observed.Tese results showed that
A.m. bandasii at Holeta had the best performance and that Bako had the lowest performance. Terefore, the variability in colony
performances indicates the possibility of improving strains of native stocks through selection and breeding strategies using the
variations as an opportunity.

1. Introduction

In recent decades, knowledge of honeybee geographic and
genetic diversity has greatly increased worldwide [1, 2].
Likewise, the identifcation of geographical honeybee races
in Ethiopia has been conducted [3, 4], and the results
revealed fve geographical races of honeybees [3]. A. m.
bandasii is the most popular geographical race spread in the
central highlands of the country, covering more than 90% of
the highland areas [3, 4]. A. m. bandasii is a relatively fewer
defensive subspecies, with less swarming and absconding
tendencies [3]. Nevertheless, a honeybee strain that per-
forms well in one region may not perform well in another
region with diferent conditions, as the survival and

performance of honeybee colonies are strongly afected by
environmental factors (apiary efects) and to a lesser degree
by genotypes [5]. Honeybee populations display consider-
able variations that result from agro-ecologically varying
climatic factors, vegetation, and prevailing pests and pred-
ators [6, 7]. Apparently, the physical environment (altitude,
vegetation, climate, etc.) greatly afects the behavioural and
productivity of colonies.

Honeybee colonies exhibit a wide range of variations in
their performance, depending on genetic and environmental
factors. Te variations include all desired and undesired
traits in terms of production, productivity, and behaviour
[8], which can be measured using diferent modes. An
objective mode of measuring colony performance is one of
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the relatively accurate modes [9]. Te objective mode em-
ploys empirical measures such as brood area, the quantity of
stored nectar and pollen, worker brood solidity, and the
expression of visible disease or parasite symptoms [10].
Tese visible characteristics of honeybee colonies may difer
even under the same environmental conditions and man-
agerial practices [11]. On the other hand, beekeepers are
currently looking for honeybee colonies with high economic
performance and desirable behavioural traits. Moreover,
limited research work has been conducted on this local bee
to determine its performance [6, 12, 13]. In other countries,
the need for honeybee traits with high economic perfor-
mance has been achieved through mass importations and
increased practice of queen trade and colony movement.
However, importing live bees is not permitted in Ethiopia
due to the implications for changing the natural diversity of
honeybee fauna and bee health risks. Consequently, deter-
mining the performance of the existing local populations of
A. m. bandasii at various locations is paramount and im-
portant for the country. Subsequently, good quality stocks
have to be established in apiaries, multiplied, and main-
tained.Terefore, this study was carried out to determine the
performance of A. m. bandasii colonies of diferent pop-
ulations under diferent agro-ecologies of Central Ethiopia,
which may lay a foundation for the future selection and
improvement of the race.

2. Materials and Methods

2.1. Study Area. Te performance evaluation of diferent
populations of A. m. bandasii was conducted from Sep-
tember 2012 to November 2015 at Bako (midland agro-
ecology), Gedo, and Holeta (highland agro-ecology) ex-
perimental apiary sites. Te experimental apiary sites were
situated at 9° 10′ 148″ N, 37° 04′ 374″ E, 1639m.a.s.l for
Bako; 9° 01′ 504″N, 37° 26′ 109″ E, 2437m.a.s.l Gedo; and 9°
03′ 325″ N, 39° 30′ 227″ E, 2450m.a.s.l Holeta (Figure 1).
Each apiary site has diverse honeybee plants that fower in
diferent seasons, infuencing colony buildup as well as
honey production. Table S highlights some major honeybee
plants with their fowering times in the study areas. Tra-
ditional beekeepers keeping their bees on trees and in their
backyard were purposefully selected within a 20-kilometer
radius of each apiary site. Fifty local honeybee colonies
(A. m. bandasii) were randomly collected from the stock of
the traditional beekeepers. All experimental colonies were
transferred to Zander hives and randomly placed on hive
stands at the start of the active season (September) and
allowed to establish during the frst year under similar
seasonal colony management. Data collection from each
honeybee colony was started during the active season of the
second year.

2.2. Methods for Testing Behavioural Parameters

2.2.1. Brood Area, Pollen, and Nectar Storage. To assess
colonies’ brood-rearing performance, the comb areas oc-
cupied by immature worker honeybees (eggs + larvae +
capped brood) in colonies were evaluated every 21 days by

overlaying a grid premarked 5 cm by 5 cm on each side of
every brood frame, and the area covered with brood was
visually summed [5]. Te total brood population was cal-
culated from the total area occupied by the brood. In ad-
dition to this, the comb areas occupied by pollen and nectar
stores were also measured in the same way, and the hoarding
ability was estimated.

2.2.2. Brood Solidity. Brood solidness was determined by
overlaying a piece of cardboard with a rhombus equal in size
to 10×10 cells, which was randomly laid over a section of
sealed brood and subtracting empty cells to estimate the
percentage of brood solidness. In such a way, at least 10
observations per colony were taken [9].

2.2.3. Determining Swarming, Defensive, and Hygienic
Behaviours. Te evaluation of swarming, defensive and
hygienic behaviour, and colony absconding rate were carried
out during the active seasons of 2013, 2014, and 2015. Te
defensive and hygienic behavioural traits were evaluated
every month while the colonies in the apiary were inspected,
whereas the swarming tendency was assessed at an interval
of 9 days during the active period at each apiary site. Newly
initiated queen cells in each colony were counted and
aborted to avoid swarming and double counting. Queen cells
with a natural supersedure of the queen were not considered
while counting swarm cells. Te calmness or running be-
haviour of the bees on the comb was judged according to the
four-point system: bees stick to their combs without no-
ticeable reaction� 4, bees are moving on the combs but do
not leave their combs during inspection� 3, when bees
partly leave the combs and cluster on the edges of frames� 2,
bees become nervous, leave the combs and run out and
cluster out of the hive� 1. An intermediate score (0.5) was
used to better describe slight diferences within the pop-
ulation [14]. Te hygienic behavioural test was carried out
according to the method described by Gramacho and
Gonçalves [15] by perforating 100 young pupae from the
combs of the tested colonies using an entomological PIN 1.
After a puncture, the comb was quickly placed back in the
hive where it remained for 24 hours for uncapping by worker
bees and removal of the pin-killed pupae. After this period,
the percent of removed pupae was calculated as follows:

R �
K − E − C

T − E
× 100, (1)

where R� percent removal of dead brood within 24 hours,
K� number of dead broods removed within 24 hours,
C� number of empty cells within 100 sealed broods before
the test, E� number of broods that remained capped after 24
hours, and T� the total number of cells (100). Colonies that
removed 80% of dead pupae after 24 h were deemed hy-
gienic, while those that removed less than 80% were deemed
unhygienic [15]. Te colony absconding rate was also cal-
culated as the number of colonies absconded during the
experiment divided by the number of colonies at the be-
ginning of the experiment× 100 [16], provided that all
colonies were kept under similar management conditions.
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2.2.4. Honey Yield. Honey was extracted only from supers at
the end of the nectar fow season (November and/or June).
Frames from each super were marked and weighed sepa-
rately. Te weight of the frames from which honey was
extracted was subtracted, and the net honey yield (kg/col-
ony) was calculated.

2.3. Data Management and Statistical Analysis. Te data
collected were entered into Microsoft Excel 2010 and ana-
lyzed using SPSS version 20. A General Linear Model (GLM)
was used to examine statistical diferences within colonies at
a site and among locations. Diferences among sites were
assessed employing post hoc analysis using Tukey’s stu-
dentized test (HSD) at a 5% level of signifcance on separate
means, whenever signifcant results were encountered.

3. Results and Discussion

3.1. Brood-Rearing Activity, Pollen, and Nectar Storing
Tendency. Te brood area was signifcantly varied among
diferent apiaries (Table 1). Te population level of honeybee
colony traits and/or environmental conditions at each
particular apiary have signifcantly afected honeybee colony
development. Te lowest overall brood area was shown in
the colonies placed relatively at a lower altitude

(1600m.a.s.l). Tis might be due to the shorter active sea-
sons. Similarly, each colony trait within the colonies of an
apiary signifcantly difered in brood production, with an
average brood area ranging from 1125 to 8100 cm2 at Bako;
1181 to 6075 cm2 at Gedo; and 5062.50 to 15187.50 cm2 at
Holeta. Te lower brood-rearing activity obtained at the
mid-highland contrasts with the higher brood areas ob-
tained for colonies in warmer areas versus colonies in colder
areas [17]. However, the current result is by far better than
the previous reports for the same race from Jimma [13] and
Apis mellifera woyi-gambella (A. m. woyi-gambella) from the
lowland of Sheko [12]. Te brood-rearing tendency of A. m.
bandasii in the midland is similar to that of theApis mellifera
scutellata (A. m. scutellata) population in the Guji highland,
which rears a higher amount of brood during the best brood
rearing season [18]. Tis indicates that the brood-rearing
activity of a given trait of honeybee colonies cannot be
afected only by the temperature gradient but also by other
factors in addition to the temperature gradient.

Unlike the stored area of pollen grains, the area of nectar
showed signifcant variation at diferent apiaries (Table 1).
Signifcantly higher nectar storage was found at the apiary of
Holeta. Te trend of nectar storage coincided with a slight
diference in the apiary’s honey yield. On the other hand, the
variation of colonies within the same apiary for pollen grain
storage was more pronounced. Pollen storage levels may
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Figure 1: A map of the study areas.
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have a direct efect on colony ftness, being associated with
immediate colony growth rates via brood production [19]. In
this study, the variation in pollen-storing abilities of colonies
within an apiary suggests that the pollen-storing tendency of
a colony is associated with the brood-rearing ability of that
particular colony.

3.2. Brood Solidness. Brood solidness is expressed by the
percentage of empty worker cells in a brood patch of a given
area. In fact, the quality of brood pattern, which is the degree
of worker brood solidity, is one of the general measures that
indicate the well-being of a colony [20]. In this result, brood
solidity was not signifcantly afected by location (Table 1).
Although the trait was expressed diferently within the
colonies of the apiary, the mean values of the number of
empty cells per 100 cells for the three localities/populations
were below the maximum acceptable level of empty cells,
which is 10% [9]. Tus, this result clearly shows that brood
solidness as a selection trait is less likely to be important
among honeybee colonies of diferent localities but might be
an important selection metric to be considered for colonies
within the same location.

3.3. Swarming Behaviour. Te analysis showed that
swarming behaviour was signifcantly afected (p< 0.05) by
location (Table 2).Te variability among locations was much
lower than among the colonies within the same apiary. Te
mean values of queen cells constructed by individual col-
onies kept at Holeta, Gedo, and Bako varied from 0.00 to
5.67, 0.00 to 12.00, and 0.00 to 24, respectively.Tis indicates
that there was a higher variation in the swarming tendency
within colonies of the same apiary, which could be related to
the sources of the colonies. As honeybee colonies were
collected from traditional hives deployed on trees and kept
in the backyards of local beekeepers around the apiaries, the
ages of the queens were not considered. However, the
swarming behaviour of the colonies can be infuenced either
by the queen age factor [8] or by their innate behaviour. Te
honeybee colonies at Bako showed a more swarming ten-
dency compared to the honeybee colonies at Holeta, which
was very low (Table 2). Te results obtained from highland
apiaries (Holeta and Gedo) were less than the average value
of queen cells (2 queen cells/colony) reported for A. m.
scutellata honeybees of the Guji highlands [18] and A. m.
woyi-gambella of the Sheko lowlands. It has been reported
that swarming traits may be expressed at diferent levels in
diferent honeybee populations [8].

In modern beekeeping, beekeepers have recognized this
behaviour (swarming) for a long time and have performed
breeding strategies to reduce their expression against natural

selection [21], indicating beekeepers prefer colonies that
have less swarming tendency. Tus, the lower swarming
tendency in some populations of local honeybee colonies can
be used as an advantage because the swarming tendency can
be considered a selection trait that may be improved through
a long-term breeding programme [22]. Tis may be pro-
moted by combining sustainable conservation eforts with
selection and breeding to encourage its appreciation by local
beekeepers [8].

3.4. Calmness or Running Behaviour. Te location had a
signifcant efect (p< 0.05) on the calmness or running
behavior of A. m. bandasii colonies of diferent populations
(Table 2). Te lowest scores (corresponding to the highest
expression of defensive behavior) were found in the colonies
of Gedo and Bako. Moreover, colonies at Bako apiary were
observed to fght at a distance if inspected the previous
evening during the active season (September to October)
(observation). Te same race of A. mellifera from the Jimma
area has also been reported to chase the observer over 100
meters from the hive [13]. Te defensive characteristics of
honeybees are known to vary between regions, counties,
locations, and even within the same apiary, due to genetic
and environmental factors [23]. Te interaction between
location and population diversity can afect defensive be-
havior either negatively or positively [8]. However, higher or
lower temperatures [24] or low levels of predation could
make a colony more defensive [25, 26]. Te lower defensive
behavior of a local honeybee could also be a consequence of
themanagement adaptation to the local honeybees [8, 27]. In
this regard, the weather conditions, overexposure to man-
agement, and behavioral traits might have caused the
honeybee colonies to be relatively calmer at Holeta than
those at the two apiaries.

3.5.HygienicBehaviour. Tepercent of dead pupae removed
by the honeybee colonies kept at three apiaries during the
study period is shown in Table 2. Tere were signifcant
diferences (p< 0.05) in the mean percentage of pin-killed
pupae removed in 24 hours among the three locations. Te
colonies at the apiaries of Gedo and Holeta were more ef-
fcient in removing dead brood than the colonies at the
apiary of Bako, which is inconsistent with the previous
fnding that reported midland colonies of A. m. bandasii
were more hygienic than the highland colonies [13]. As for
the swarming behaviour, the variability among the colonies
within the same apiary was much higher than among other
locations. Te mean values of the percent removal of dead
broods within the apiary ranged from 52.38% to 100% at
Bako, 73.81% to 100% at Holeta, and 85.71% to 100% at

Table 1: Brood, nectar, pollen area, and brood solidness of honeybee populations of diferent altitudes (mean± SE).

Locations Brood area (cm2) Nectar area (cm2) Pollen area (cm2) Brood solidness (no. of empty cells/100 cells)
Bako 2521.23± 244.67b 1883.09± 232.57b 357.83± 62.70a 7.00± 1.48a
Gedo 3298.30± 365.92b 1238.78± 228.96b 487.07± 110.57a 4.34± 0.76a
Holeta 6114.13± 500.36a 3399.46± 738.88a 374.67± 102.56a 5.56± 0.84a

Te means followed by similar letters in the column do not signifcantly difer at alpha 0.05.
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Gedo. Tis result is in line with the fnding that colonies of
the same subspecies within the same apiary demonstrate
diferent levels of hygienic behavior [8, 23, 28]. Te variation
within the colonies in the apiary could be genetically de-
termined but is not expressed all the time, being highly
variable in paternal efects as well as colony conditions such
as population factors [23].Te diference in the cleaning rate
among the locations is not surprising, as the trait is governed
by genotypes and the strong infuence of environmental
factors (location and season) [8]. Te expression of hygienic
behaviour is reported to be afected by seasonal diferences.
Season and location are likely to interact to produce unique
combinations of foral availability and nectar fow, both of
which are known to infuence the expression of hygienic
behaviour [8]. Attention should be given during colony
selection to its hygienic behaviour as this trait is correlated
with honey production [8, 23].

3.6. Absconding Behaviour. Shortage of resources and other
stressful factors are known to cause honeybee colonies to
abscond [29]. Te highest absconding rate (54%) was
recorded at Gedo, followed by Bako (46%), and 36% of
absconded colonies at Holeta (Table 2). Te percentage of
absconding appeared to be higher than in previous reports
for A.m. bandasii [13] and A. m. scutellata [18]. Although
most of the colonies abandoned their nests during the dearth
period, the particular underlying responsible factor for the
absconding of local honeybees in diferent locations is not
fully understood and needs further investigation.

4. Conclusion

In this study, brood-rearing and nectar-holding tendencies,
swarming behaviour, calmness or running behaviour, and
hygienic behaviour were signifcantly varied among loca-
tions as well as within colonies in an apiary. However, traits
like brood solidness and pollen-storing behaviour were less
likely to be important selection metrics as they were not
signifcantly varied among locations and within colonies of
the same apiary. Te results obtained suggest that the
highland populations of A. m. bandasii have good perfor-
mance in brood rearing, nectar storing, less tendency to
swarm, a high level of hygienic behaviour, and less tendency
to evacuate their nests. Future research should consider the
potential efects of these behavioural characteristics while
conducting the selection and breeding of better-performing
lines in the central highlands of Ethiopian honeybee pop-
ulations. It could also help as an input for future local
honeybee selection and breeding policy development in the
country.
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[2] I. Muñoz and P. De la Rúa, “Wide genetic diversity in Old
World honey bees threaten by introgression,” Apidologie,
vol. 52, no. 1, pp. 200–217, 2021.

[3] B. Amssalu, Multivariate morphometric analysis and behav-
iour of honeybees (Apis mellifera L.) in the southern regions of
Ethiopia, pp. 109–214, Rhodes University, Grahamstown,
South Africa, Ph.D Tesis 2002.

[4] A. Nuru, Geographical races of the honeybees (Apis mellifera
L.) of the northern regions of Ethiopia, Ph.D Tesis, Rhodes
University, Grahamstown, South Africa, 2002.
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