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Abstract
Honey bee colonies exhibit a wide range of behavior variations depending on genetic origin and environmental
factors. Therefore, the performance evaluation of honey bee races is critical to laying a foundation for future
selection and improvement in Ethiopia. Thirty colonies of Apis mellifera scutellata (A.m.scutellata) were kept
in improved box hives and their difference in performance was evaluated through reproductive swarming
tendency, absconding behavior, defensive behavior, hygienic behavior, brood population, and foraging activity
during the active season (October to December and April to May. This study showed that the A.m.scutellata
race has a higher swarming tendency, with up to 3.24 queen caps per hive prepared per year. The result also
revealed that A.m.scutellata was very aggressive, taking time below 1 minute after disturbances and following
up to a 400-meter distance from the hive. The A.m.scutellata exhibited an absconding tendency was 34.5% if
any disruption. The yielding honey performance of the race per frame ranged from 1.3 kg to 1.5 kg, and an
average of 14 kg per harvest. A.m. scutellata showed good performance in hygienic behaviors (93.65%), but
undesirable behaviors in defensive behavior and swarming tendency make it di�cult to manage honey bees.
Overall, our results demonstrate that A.m.scutellata honeybee colonies show a higher defensive and
absconding tendency. In addition to this, the honeybees have a high tendency for swarming. However, the race
has good performance in foraging and hygienic behaviors. Further, studies of the honey bee race through
selection and breeding could be conducted to reduce the higher aggressiveness and swarming tendency of A.
m. scutellata to improve production performance.

1 Introduction
Ethiopia is well-known for its wide range of agro-climatic conditions and biodiversity, which has supported the
existence of diverse honeybee �ora and a large number of beehive colonies (Fichtl and Admasu, 1994;
Adgaba, 2007). The country's diverse agroclimatic characteristics generate conducive environmental
conditions for the cultivation of over 7000 species of �owering plants, the majority of which are bee plants
(Fichtl and Admasu, 1994; Nuru, et al., 2002). Ethiopia has the largest bee population in Africa, with over
10 million bee colonies, of which 5 to 7.5 million are estimated to be hived, with the remaining existing in the
wild (MoARD, 2007; Akessa, 2016; CSA, 2017; Negash and Greiling, 2017). The total annual beeswax
production is estimated to be over 3,800 tons. With this quantity, the country ranks fourth in the world in
beeswax production. Furthermore, Ethiopia can generate up to 500,000 tons of honey and 50,000 tons of
beeswax per year (GDS, 2009).

In Ethiopia, despite the potential of apicultural resources, production and productivity are relatively low. This
could be attributed to many factors such as the way of management, the environment, and the race of honey
bees. It is known that the physical environment (altitude, vegetation, climate, etc.) dramatically affects the
behavior and the productivity of honey bee colonies (Mossie, 2019). In addition, honeybee colonies do not
perform equally even under the same environmental conditions and managerial practices (Al-Ghamdi et al.,
2013). Honeybee colonies' performance (strength and productivity) is determined by the total area of comb in
the colony, which contains stored honey, pollen, and brood, the adult bee population, weight per bee, and the
colony nest cavity volume ratio (Vaudo et al., 2012; Wray, 2010). Colony defense, which includes recognizing
predators, alerting nestmates, and enacting anti-predator behavior, is a well-known type of behavior in honey
bees (Collins et al., 1980; Moritz et al., 1987; Breed et al., 2004). Swarming and colony defense have long been
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recognized by beekeepers, who have used breeding strategies to reduce their expression in de�ance of natural
selection (Mobus, 1983; Villumstad, 1983). For example, swarming is the natural way for honey bee colonies
to reproduce, and this behavior is thus closely linked to �tness; however, beekeepers prefer colonies that never
swarm. Defensive behavior is also frowned upon by beekeepers, but even the most docile honey bee colonies
can fall prey to natural enemies such as wasps, birds, or mammals. Recent research has focused on behaviors
related to colony health and disease control, such as hygienic behavior and grooming (Gilliam, et al., 1983;
Spivak, 1996.).The expression of these behavioral traits can be strongly in�uenced by environmental factors
and beekeeping management techniques. Nonetheless, they are known to differ in distinctive ways among the
many honey bee subspecies and populations that have been scienti�cally described to date (Adam, 1968;
Ruttner, 1988). Indeed, the honey bees of Ethiopia form a population of their own that is distinct and well
separated from the honey bees of Africa (Meixner et al., 2011). The variations include all the desired and
undesired traits in production, productivity, and behavior. Study shows that in Ethiopia, small lowland
honeybees are very aggressive and more productive than honeybees of the highland areas larger in size, docile
in behavior, and less productive (Light, et al., 2017). Consequently, A.m. scutellata is one of the honey bee
races found in the lowlands of Ethiopia.

In east Africa, A.m.scutellata is found from 500–2400 meters, in rich savannah and semi-evergreen deciduous
forests (Smith, 1961). In Ethiopia, the A.m.scutellata is distributed in the western humid mid-land parts,
including southwestern parts of Gojjam (around Bir Sheleko and Chagni), all areas of Wollega, west of
Nekemte and Shambu up to Assosa and Dembidolo (Nuru, 2002). The continuous distribution of this group
was also observed in similar ecological areas in southwest parts of Ethiopia in places like Gecha and Masha
(Amssalu, 2002). The A.m.scutellata colony found in the area shows highly aggressive behavior and other
undesirable behaviors constraint for the beekeeping sectors.

Good quality stocks must be established in apiaries, then multiplied and maintained to reap the bene�ts of
beekeeping. As a result, evaluating the performance of the A.m.scutellata race is essential for future selection
and improvement. However, no research on A.m.scutellata's performance in Ethiopia has been conducted. So,
this study aimed to determine the performance of A.m.scutellata honey bee races in the study area.

2. Materials And Methods

2.1. Study area
The study was conducted in Benishangul Gumuz regional state in Assosa Agricultural Research Center,
western Ethiopia. Assosa town is located 670 km west of Addis Ababa, Ethiopia. Benishangul Gumuz regional
state is situated between geographical coordinates: 9°30'N-11°39'N latitude and 34°20' E to 36°30' E longitude
with altitudes ranging from 1272 to 1573 meters above sea level. The region's mean annual rainfall and
temperature range between 700 to 1450 mm and 21 to 35°C, respectively. Major crops grown in the areas are
sorghum, maize, �nger millet, soya bean, and groundnut (AsARC, 2006).

2.2. Method of data collection
To start with the performance evaluation of the honey bee race at their original ecology, a pure honey bee race
was identi�ed at the well-established apiary site. At the Assosa Agricultural Research Center Apiary site, 30



Page 4/17

colonies of A.m.scutellata were kept and studied. These colonies were established in improved box hives and
their difference in performance was evaluated through different parameters. Out of 30 colonies, nine colonies
were assigned to study honey production and 21 honey bee colonies for reproductive swarming tendency,
absconding behavior, defensive behavior, hygienic behavior, brood population, and foraging activity. The
colonies were separated for honey yield production and reproductive data collection, to avoid the effect of
colony disturbance during the reproductive data collection on the yield of honey. The performance of the
colonies was evaluated from September 2015 to June 2017 active season (October to December and April to
May) of the colony through the following parameters:

Honey yield

The data was recorded every harvesting season by weighing frames containing ripen/sealed honey before and
after extraction and then expressed in kg per colony per year and an average yield of the A.m. scutellata race
was determined (Ruttner, 1972). The study area's major and minor honey �ow season is October to November
and April to May, respectively.

Swarming behavior

Swarming tendency was evaluated by counting queen cells at nine days intervals per hive during the active
season (Ruttner, 1972).

Absconding behavior

Absconding tendency was evaluated by the ratio of colonies evacuated to the number of colonies used for the
experiment provided that all the colonies are kept under uniform environmental conditions and colony
disturbance and feed deterioration of the hive were conducted (Ruttner, 1972; Büchler et al., 2013)

Defensive behavior

To measure the defensive behavior of the honey bee colony, a test of aggressiveness was used (Stort, 1975). A
2 cm diameter black leather ball was jerked for 60 seconds at a distance of 5 cm in front of the entrance of a
colony. The gloved hands of the observer were situated 1 meter above the leather ball. The right gloved hand
was moved during the test because it is used to jerk the thread that moves the leather ball. The gloved left
hand was not moving. Then when the �rst sting was made in the leather ball, time is taken for the colony to
become very aggressive, the number of stings in the gloves of the observer, the number of stings in the leather
ball, the distance that the bees followed the observer data were collected. The number of stings left in the
gloves worn by the observer has counted afterward. Each colony was tested �ve times with 10 minutes
between tests (Ruttner, 1972).

Hygienic behavior

The colonies of A.m.scutellata were tested for hygienic behavior at apiary sites. The pin test method was used.
A comb with a good pattern of brood is taken and �fteen of the brood larva or pupa were killed by a long
needle. Then after 24 hours, the hygienic behavior of the colony was analyzed by counting the number of dead
brood cells which the workers had already cleaned. The frame with pin-killed brood was marked for easy
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identi�cation during data collection. These tests were repeated three times at different times on the same
colony. If a colony removes 95% of the dead brood on the �rst test but only 50% on the second, then the colony
is not hygienic. The colonies were considered hygienic only if they removed > 95% of the brood on two
consecutive tests (Ruttner 1972; Büchler et al., 2013). The speed with which a colony removed dead brood is
correlated with its ability to remove diseased and parasitized brood. Finally, the percent of removal of dead
brood was calculated as follows the formula used by (Kebede, 2006)

R= (K-E-c)/(T-E) x100

Where: R = Percent removal of dead brood within 24 hrs

K = Number of dead brood removed within 24 hrs

E = Number of empty cells within the section inserted before the test

C = Number of brood cells remained capped after 24 hrs

T = Total number of brood within the section of an insert

Measurement of brood, pollen, and nectar area

The total brood area was measured every 21 days using a plastic frame by overlaying a 10 x 10 and 5 × 5 cm
and placed over each side of the brood combs. The total brood populations were calculated from the total
area occupied by the brood. In addition to this, the comb area occupied by pollen and nectar stores was
measured in the same way (Ruttner, 1972).

Foraging behavior

The foraging behavior of honeybees was assessed by counting the number of bees �ying out of the hives for
�ve minutes in the late evening. Moreover, early foraging and late foraging time were also recorded (Ruttner,
1972).

2.3. Data analysis
Data collected were analyzed using R software 4.0.0. One-way analysis of variance (ANOVA) and descriptive
statics were used and Duncan's new multiple range test at a 5% level of signi�cance was used to make the
mean separation whenever signi�cant results were encountered.

3. Results

3.1. Swarming tendency
The swarming tendency of the A.m.scutellata is indicated in Table 1. The result showed that the number of
queen cells prepared for swarming was signi�cantly (P < 0.001) different among the time of observation
(months). Across the experimental years, the higher number of queen caps per hive was produced in October.
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The observation also indicates queen cells prepared in the �rst and second higher (p > 0.05) than in the other
consecutive observation.

Table 1
Number of queen cells prepared per hive

Observation Year 1 Year 2 Year 3 Mean ± SEM

1 7.25 15.15 14.4 12.27 ± 9.36a

2 4.35 12.15 11.5 9.33 ± 9.30a

3 2.75 2.75 2.00 2.50 ± 0.41b

4 2.70 2.00 1.95 2.22 ± 0.40b

5 1.00 0.85 0.75 0.87 ± 0.11b

6 0.80 0.75 0.30 0.62 ± 0.27b

7 1.40 0.50 0.00 0.63 ± 0.70b

8 2.75 0.80 0.75 1.43 ± 1.14b

9 2.15 0.30 0.20 0.88 ± 1.11b

Mean 2.79 ± 2.01 2.92 ± 5.03 3.54 ± 4.03 3.42 ± 4.50

P-value       < .0001

SEM = standard error of the mean

3.2. Foraging behavior
In the study area, the meantime of early and late foraging was 6:10 am and 6:29 pm, respectively (Table 2).
The result indicates the worker bees in foraging activity start early and end in the late evening. The number of
bees during the last �ve minutes of late foraging time also ranges from 7–12 honey bees per colony.
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Table 2
Foraging behavior of A.m.scutellata

Hive no Early foraging
time (am)

The average number of bees out for 5 minutes in
late foraging time

Late foraging
time (pm)

1 06:15 7 06:30

2 06:20 12 06:29

3 05:40 12 06:30

4 06:10 8 06:29

5 06:10 11 06:32

6 06:05 9 06:30

7 06:10 7 06:30

8 06:35 32 06:25

9 06:10 11 06:20

Average 06:10 10 06:29

3.3. Defensive behavior
The defensive behavior of A. m. scutellata observed �ve times in 10 minutes intervals per hive indicates highly
aggressive as shown in Table 3. The result shows honey bee race in the area to be aggressive takes time
below 1 minute after disturbances and follows even up to the 400-meter distance.
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Table 3
Indicators of defensives behavior of A.m.scutellata

Observation/hive Statistics 1st sting
time of
the
ball(sec)

Time of
aggressiveness(second)

No
sting
on
gloves

No
sting
on the
leather
ball

Followed
distance(m)

1 Mean 36.29 48.71 6.43 2.57 198.00

SD 12.40 6.89 8.69 3.55 82.03

Minimum 15.00 41.00 0.00 0.00 150.00

Maximum 57.00 59.00 22.00 9.00 380.00

2 Mean 22.14 30.71 24.29 6.57 262.71

SD 13.58 13.20 27.10 7.63 99.677

Minimum 8.00 3.00 3.00 0.00 100.00

Maximum 46.00 45.00 66.00 21.00 400.00

3 Mean 16.83 22.67 79.67 4.17 276.50

SD 10.85 11.79 96.46 6.40 86.83

Minimum 5.00 12.00 3.00 0.00 182.00

Maximum 33.00 42.00 243 16.00 400.00

4 Mean 8.33 17.00 96.67 8.50 325.67

SD 9.58 14.21 116.30 10.71 65.28

Minimum 2.00 3.00 0.00 0.00 242.00

Maximum 27.00 40.00 281.00 29.00 400.00

5   Overaggressive di�cult to collect data

SD = standard deviation, se = second, m = meter, No = number

 

3.4. Hygienic behavior
The hygienic behavior of A.m.scutellata was taken from ten colonies and the results are indicated in Table 4.
The result indicates that the race performed better towards hygienic, above 90%. The hygienic behavior
tendency of the race was increased with observation numbers.
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Table 4
Hygienic behavior of A. m. scutellata

Hive Observation/hive

1 2 3

Killed
Brood

Removed
Brood

R % Killed
Brood

Removed
Brood

R % Killed
Brood

Removed
Brood

R %

1 98.0 82.0 83.7 80.0 70.0 87.5 Absc - -

2 90.0 90.0 100.0 82.0 82.0 100.0 Abs - -

3 95.0 89.0 93.7 74.0 72.0 97.3 88.0 83.0 94.3

4 100.0 97.0 97.0 98.0 98.0 100.0 83.0 79.0 95.2

5 220.0 220.0 100.0 151.0 151.0 100.0 81.0 81.0 100.0

6 100.0 84.0 84.0 100.0 100.0 100.0 100.0 100.0 100.0

7 78.0 78.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

8 100.0 100.0 100.0 Absc - -   - -

9 100.0 96.0 96.0 100.0 98.0 98.0 100.0 100.0 100.0

10 100.0 90.0 90.0 100.0 82.0 82.0 100.0 90.0 90.0

Average 108.1 100.3 92.8 98.3 94.8 96.1 93.0 90.4 97.1

Absc = colony absconded during data collection, R = Percent removal of dead brood within 24 hrs

 

3.5. Brood, pollen, and nectar collection
The brood, pollen, and nectar production data recorded in the active season of the year are presented in Table
5. The results indicated that the highest open brood was observed in September, but a higher closed brood per
hive in October. In the area, the brood-rearing pattern of A. m. scutellata honeybee colonies showed a fast
buildup of the population between Octobers to November.
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Table 5
Brood, pollen and nectar production of A. m. scutellata in active season (5x5 cm2)

Month Observation Open broods
unit hive

Closed broods unit
per hive

Nectar unit per
hive

Pollen unit per
hive

September Hive 1 164 78 44 34

Hive 2 174 78 24 44

Hive 3 148 124 36 12

Mean 162 93.3 34.6 30

October Hive 1 120 180 0 20

Hive 2 60 240 10 10

Hive 3 140 120 20 40

Mean 106.6 180 10 23.3

November Hive 1 108 178 10 22

Hive 2 30 290 0 0

Hive 3 150 40 130 0

Mean 96 169 46.6 7.3

 

3.6. Honey yield
The higher honey yield from modern box hives was recorded during the primary honey harvesting season of
the year from October to November. This might be due to the abundant availability of forage sources that
could profoundly impact honeybee colony strength and productivity. Hence, the honey yield per frame ranged
from 1.3 kg to 1.5 kg, yielding an average of 14 kg per hive per harvest.
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Table 6
The honey yield (kg) of A. m. scutellata

Year Harvesting season Yield per frame per
harvest

Total yield per hive per
harvest

Total yield per
year

1 Minor honey
harvesting

1.30 13.00 28.00

Major honey
harvesting

1.50 15.00

Mean 0.90 14.80

2 Minor honey
harvesting

1.00 10.00 38.00

Major honey
harvesting

2.80 28.00

Mean 1.75 19.00

Years Minor honey
harvesting

1.15 11.50 33.00

Major honey
harvesting

2.15 21.50

Mean 1.65 16.50

 

3.7. Absconding Behavior
A.m. scutellata exhibited a higher absconding tendency in a bit of disturbance. The data showed that 36% of
the colonies in the apiary were absconded at the time of the experiment (Table 7).

Table 7
Absconding behavior of A. m. scutellata

No Colony disturbance Disturbed
colony

Absconded
colony

Absconding
%

1 Colony transfer from traditional to
modern

14 5 35.7

2 Hygienic data collection 10 3 30

3 Swarming data collection 4 1 25

4 Brood, pollen and nectar data collection 3 - -

5 Feed deterioration 19 9 47.3

4. Discussion
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The peak reproductive swarming period of A.m.scutellata was from October to mid-November, which could be
attributed to these months being the offset of heavy rains and peak plant �owering, resulting in ample bee
forages. While in the study area, these months are the active season for honeybees. In October, the race
generated a higher number of queen caps per hive, indicating that the race had a strong swarming tendency,
as evidenced by repetitive queen cell development and advanced indicators of swarming preparation. These
results coincide with the previous reports that declared tropical honeybees generally have a strong
reproductive swarming impulse and a tendency to increase population very quickly, leading to rapid
multiplication of colonies (Schneider and McNally, 1994). A study based on months also indicates that 60% of
A. m. scutellata colonies' peak swarming period in November-December (GDS, 2009). The number of queen
cells counted in this study was slightly higher than the value (2 and 2.44 queen cells per hive throughout the
year) reported by (Alemu et al., 1987; Aleksandar et al., 2014) for A. m. scutellata in the Guji highland of
Oromia and honey bee colonies of different genetic origin in a pan-European respectively. Likewise, the result
was in contrast with the �nding of Camazine and Morse (1988) who reported that Africanized honey bees
swarm at a rate of six to twelve swarms per year. The variation among these reports might be due to the agro-
ecological difference in the study areas (Nuru et al., 2002). The expression of these behavioral traits can be
strongly in�uenced by environmental factors and beekeeping management techniques (Büchler, 2013;
Winston, 1987; Delaplane, 2013).

Collecting pollen, nectar, water, and resin is critical for honey bee colonies' foraging activity (Abou-Shaara,
2014). Joshi and Joshi, (2010), who discovered that honey bee workers began foraging activity at 6.17 a.m.,
agreed with the period recorded for early foraging. Alike, according to Duangphakdee, et al., (2011), foragers
return to their nest after completing foraging activities before the sun sets at 6:27 pm for A.m. Woyi gembela.
In contrast to the �ndings of this study Solomon and Likawent, (2015, the foraging behavior of honey bee
races (A. m. monticola) assigned to various agro-ecologies demonstrated high competence to natural
resources by foraging early (as early as 5:25 am) and returning late (as late as 7:04 pm).

The result indicates that the A.m.scutellata race was aggressive, implying that the race was able to develop
strong colonies throughout the inactive season, resulting in good hygienic behavior and quality honey
production. The highly aggressive behavior of the race is also advantageous to provide a good defense
against honeybee pests. Indeed, the aggressiveness of the race might be attributed to improved apiary
management, bee forage improvement and the carrying capacity was optimized in a study area rather than the
genetic trait of the race. Consecutive observations revealed the race was very aggressive, making data
collection di�cult. Inspection and honey harvesting are done at night due to high defensive behavior. In
addition, beekeepers in the region must choose an apiary site that is far away from their homes, farms, and
grazing land to protect animals and humans from honey bee stings. At the time of data collection (from
September to December) with smoke, the colony shows a strong defensive reaction to being handled, or bees
attack without being disturbed and bees nervously leave the combs, run out of the supers, and cluster inside or
outside the hive. This �nding supports recent studies that A.m.scutellata honeybees are very defensive
(Ruttner, 1988). Another study also found that A. m. scutellata is more aggressive from September through
November (Crane, 1990).

The A.m.scutellata race hygienic was good (> 90%), compared to an unhygienic situation (> 90%), which can
lead to better honey production and prevent disease caused by unhygienic conditions. Concurrent to the result
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of this study Sheppard, et al., (1997) reported that honeybee colonies that removed over 90% of dead brood
within 24 hours are considered hygienic. Alike to the result of this study Sheppard, et al., (2003) reported that
the honey bee race recognizing and removing diseased, damaged, or dead brood indicates higher hygienic
behavior which also is a mechanism of disease resistance if bees can remove brood from the nest before the
pathogen becomes infectious. The result of this study was in line with the �nding of Boecking and Spivak,
(1999), who reported that A.m.scutellata successively (94% − 99%) removed the pin killed capped brood
removal in 24 hours from November to February in the highland area of the Guji Oromia region.

The highest brood rearing was recorded in October, which could be because the region is rich in many types of
honeybee �ora, ranging from weeds to forest trees, which provide ample bee forage in this month. The higher
honey yield was recorded during the primary honey harvesting season of the year from October to November
and this might be due to the abundant availability of forage sources that could profoundly impact honeybee
colony strength and productivity. This honey yield recorded for this race was higher than the race found in the
highland area in mean honey yield (kg) per harvest per hive (9.64 + 3.02, 11.54 + 1.87) (Boecking, and Spivak,
1999). This difference may be that honey yield is in�uenced by several factors and is signi�cantly associated
with colony conditions (Crane, 1990).

The race shows a higher absconding rate from mid-December to mid-February and in the rainy season from
July to mid-September due to feed deteriorations in these periods. Another personal communication
(beekeepers) shows in the region critical problem for beekeeping is the race-high absconding behavior,
especially after colony transferring, honey harvesting, and feed deterioration time. The study by Crane, (1990)
also shows that migration and absconding are also highly characteristic of African honeybees. They leave
their nests during dearth periods and unfavorable conditions and move to a more suitable locality. Moreover, in
the study area, honey bee colony absconding may be related to the honey harvesting system and colony
movement with seasonally shifting due to honey bee forage availability in the forest area (locally known as
Berha).

5. Conclusions
Overall, our results demonstrate A. m. scutellata honeybee colonies show a higher defensive and absconding
tendency. However, the race has good performance in foraging and hygienic behaviors. The honeybees have a
high tendency for swarming. A higher queen cap prepared leads to repeat swarms from a single colony. Future
research should consider the potential effects and management practices to reduce a higher absconding rate
of the colony. In addition, further studies could be conducted on the selection and breeding of the best-
performing colony of A. m. scutellata to reduce the higher defensive behavior.
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Figures

Figure 1

Killed Brood removed after 24 hours.

Figure 2

Evaluation of brood, pollen, and nectar.


