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Abstract

Honeybee colony performance is the ability of the honeybees to defend the colony and also to effectively collect nectar and
pollen and thus productivity. The colony performance of honeybees in nine agro-ecological zones of Uganda was assessed from
September 2012 to May 2013. Observations were made on the colonies for brood pattern, proportion of worker bees and combs
filled with honey and pollen. The obtained data were analyzed using the SPSS statistical package. The results indicated that both
colony strength and productivity varied significantly within agro-ecological zones. Mid North agro-ecological zone had significantly
stronger colonies with the highest productivity compared to other agro-ecological zones while Lake Victoria Crescent and Southern
Dry land agro-ecological zone had the lowest indicating that the Lake Victoria Crescent agro-ecological zone is not the best for
beekeeping in Uganda. The colony strength and productivity did not vary with the vegetation cover, honeybee race, type of bee hive
used and the elevation gradient. When promoting beekeeping in Uganda, more efforts should be put in areas such as the mid north
agro ecological zone.
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Introduction

Honeybees (Apis mellifera) live in colonies composed of worker lacking, Honeybee colony strength determines how the colony is

groups of diverse genotypes and behaviours which are artificially capable of fighting pests and withstanding diseases [6-8]. Where

. honeybee colonies are used for commercial pollination purposes,
altered when a beekeeper moves combs between colonies [1,2]. y p purp

) . evaluation of colony strength is necessary as it is a known fact
A honeybee colony is composed of three castes: a) a single queen, Y J y

. . . . that stronger colonies collect significantly large amount of pollen
who is the sole reproductive female in the hive; b) drones who are & g y1arg P

the male honeybees; and c) the workers who are the sexually sterile [9]. Utilization of honeybee colonies for pollination of coffee and

S e sunflower is taking root in Uganda and thus the need to evaluate
females and perform several activities in the colony. In addition to

the adult bees, a healthy colony has brood which is a collective the honeybee colony strength in order get maximum benefit from

term for eggs, larvae, and pupae (the immature stages in the life the service.

cycle of bees) [3]. The honeybee colony performance (strength and Information on honeybee colony strength is important for
productivity) is measured by the total area of comb in the colony, pollination and beekeepers who provide pollination services to get
containing stored honey, pollen, and brood, adult bee population,  the average number of colonies needed for pollination, basic honey
weight per bee, and the colony nest cavity volume ratio [4,5]. In  bee biology in context of pollination, and pollination contracts

Uganda, information on colony performance in all the AEZs is still ~ [3]. Despite such importance of understanding honeybee colony
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strength, beekeepers in Uganda rarely inspect their honeybee
colonies because they are not very well informed of the importance.
Honeybee colony strength is directly correlated to productivity
[10-12] and colony health [13] and is easily visually estimated. It
has been noted that colony productivity is closely associated with
forging activity [5]. In a strong colony of honeybees, there is a
large population of mature honeybees referred to as foragers who
gather pollen and nectar to the colony [14] and colony size has been
found to affect foraging [9]. Good foraging strategy means having
enough pollen store and increased brood production [14] and thus
colony strength and productivity. A reduction in foraging activities
leads to reduced colony fitness and productivity [15]. This study
compared the honeybee colony strength and productivity in the
agro ecological zones (AEZs) of Uganda with the aim of providing
information on the most productive honeybee race and the AEZs
where most productive honeybees with strong colonies are found.

Materials and Methods

This study was conducted in nine out of the ten AEZs of Uganda
described in Kasangaki [16] between September 2012 and May

2013. Honeybee colony performance was estimated following
methods described by Spivak [6], Vaudo [4] and Delaplane [17]
(Subjective mode). This method was chosen because the colonies
evaluated belonged to beekeepers most of whom did not want the
honey harvested at the time of the experiment. The method is also
the most appropriate for very defensive honeybees. At least twenty
honeybee colonies were observed in each of the nine AEZs studied.
The colonies were selected from four different sites within each AEZ
(five colonies per site). To estimate the strength and productivity
of the colony, the hives were opened and the combs lifted and the
following observations made:

a) The number of combs and proportion of the combs
covered by the adult bee population (Figure 1): the combs were
observed on both sides and scored 1-3. Also, the average score
for the number and proportion of combs for each colony was
recorded.

b) The number and proportion of the combs covered by
brood (Figure 2): these were also scored as in (a) above.

4 A
)
Figure 1: Adult honeybee pattern assessment.
(@) A comb completely covered by adult bees; (b) Comb with less than 2 of it covered by adult bees; (c) Comb with less than
L Y4 of it covered by adult bees. )
4 A

(c)

Figure 2: Brood pattern assessment.

(c) Comb with <25% of it covered by brood.

(a) Comb with >50% of it uniformly covered by both open and sealed brood; (b) Comb with about 50% of it covered by brood;
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(a)
Figure 3: Assessment of the amount of honey gathered by the bees.
(a) A comb completely covered by sealed honey; (b) Comb with 50% covered by sealed honey; (c) Comb with <25% covered
by sealed honey
N J

c¢) The amount of pollen and nectar collected (Figure 3): this
was estimated by observing the proportion of the comb filled
with pollen and honey and also scored as in (a) above.

The average scores for each of the observations (a-c) were
obtained. The average for each colony were made and then taken
as the average performance of that colony (1=Strong; 2=Moderate;
3=Weak). The number and proportion of sealed honey in the hive
was used to estimate the productivity of the colony as 1=>50% of
the combs with sealed honey (High productivity); 2=25-50% of
the combs with sealed honey (moderate productivity); 3=<25%
of the combs with sealed honey (low productivity). A GPS receiver
was used to record the geographical coordinates and altitude.
The vegetation cover was observed and estimated as 1=Thick;
2=Moderate; 3=Sparse. The type of bee hive used was also recorded.

Data Analysis

Kruskal-Wallis test was used to compare the colony strength
among honeybee colonies from different AEZs in different
vegetation types, type of bee hive and elevation gradient. The same
test was used to compare colony productivity in different AEZs,
different vegetation types, honeybee race, type of bee hive and
elevation gradient. Where significant differences were obtained,
Mann-Whitney U test was used to compare pairs of categories.
Furthermore, Mann-Whitney U test was used to compare the colony
strength among the two honeybee races.

Results
Colony strength

Honeybee colony strength varied significantly across the AEZs
(X2 (df=8)=32.62, P<0.01; (Kruskal-Wallis test). Specifically, the
colony strength of honeybees in the Victoria Crescent (VC) was
significantly lower than for honeybees from all the AEZs except
the Southern Dryland (SD) (Table 1) and (Figure 4). The honeybee
colony strength did not vary significantly with other factors:
vegetation cover (X2 (df=2)=1.41, P=0.47), honeybee race (X2
(df=2)=3.56, P=0.06), bee hive type used (X2 (df=1)=6.08, P=0.11)
and elevation gradient (X2 (df = 2)=3.57, P=0.17).

Table 1: Comparison of colony strength among agro-ecological
zones of Uganda.

LAC LVC MN SE SD SH WN WH

E <0.01 | 091 | 0.27 | 0.35 | 0.02 | 0.55 | 0.98 | 0.22
LAC <0.01 | <0.01 | <0.01 | 0.16 | <0.01 | <0.01 | 0.01
LvVC 034 | 043 | 001 | 0.65 | 0.88 | 0.18
MN 0.97 | <0.01 | 0.34 0.2 0.01
SE <0.01 | 047 | 031 | 0.04
SD <0.01 | 0.01 | 0.13
SH 0.43 | 0.01
WN 0.18

Figures in bold (P-values) indicate where the colony strengths
are significantly different between the AEZ (E=East; LAC=Lake
Albert Crescent; LVC=Lake Victoria Crescent; MN=Mid North;
SE=South East; SD=Southern Dryland; SH=Southern Highland;

WN=West Nile; WH=Western Highland).

Productivity

Table 2: Comparison of colony productivity among the AEZs of
Uganda.

LAC LVC MN SE SD SH WN WH
E 0.11 | 0.13 | <0.01 | 0.17 0.2 0.1 032 | 045
LAC 0.01 | <0.01 | 0.24 | 0.63 | <0.01 | 0.01 | 0.02
LVC 0.05 | 0.11 | 0.02 | 0.73 | 045 | 0.31
MN <0.01 | <0.01 | <0.01 | <0.01 | <0.01
SE 042 | 0.07 | 0.22 0.3
SD <0.01 | 0.03 | 0.04
SH 0.51 | 0.32
WN 0.77

Figures in bold (P-values) indicate where the colony strengths
are significantly different between the AEZ (E=East; LAC=Lake
Albert Crescent; LVC=Lake Victoria Crescent; MN=Mid North;
SE=South East; SD=Southern Dry land; SH=Southern Highland;
WN=West Nile; WH=Western Highland).
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Honeybee productivity varied significantly across the AEZs
(X2 (df=8)=32.93, P <0.01; Kruskal-Wallis test). Specifically, the
productivity of the honeybees in the MN AEZ was significantly higher
than in all the other AEZs (Table 2) and (Figure 4). The productivity

did not vary significantly with the other factors: vegetation cover
(X2 (df=2)=2.28, P=0.32), honeybee race (X2 (df=1)=2.86, P=0.09),
bee hive type used (X2 (df=3)=4.29, P=0.23) and elevation gradient
(X2 (df=2)=5.26, P=0.07).
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Figure 4: Comparison of mean honeybee colony strength and productivity in the AEZs of Uganda.
\ J
Discussion and productivity [28]. Although Kugonza [29] stated that bee hives

Both the colony strength and productivity varied significantly
across the AEZs of Uganda. The MN AEZ had colonies with
higher colony strength and productivity compared to the rest but
generally the productivity was low in all the AEZs and lowest in the
LVC AEZ. Many studies have found a decline in colony strength and
productivity [18,19] which has been attributed to factors such as
pests and diseases, pesticide use and poor forage sources. Number
of foraging bees has been used in determining colony success in
terms of colony weight gain [14,20] Honeybee colony strength is
one of the measures of population of adult bees and brood [17] and
productivity [9] since colony strength has an effect on the foraging
pattern. It is expected that, the stronger the colony, the more is the
productivity [21].

There was no significant variation in the colony strength and
productivity among the two honeybee races (A.m. scutellata and
A.m. adansonii). Generally all races of A. mellifera have similar
morphological, behavioural and innate characteristics compared
to other species such as A. cerana [22] which could be the reason
for no variation in the colony strength and productivity. However,
there is need to monitor the strength and productivity of Ugandan
honeybee colonies since new threats like Varroa mites [23,24]
and viruses [25] have been detected. The colony strength and
productivity did not vary with vegetation cover, type of bee hive
used and the elevation gradient. Similar studies conducted in
Nigeria by Babarinde [26] found no variation in colony strength and
productivity of the honeybees. Colony losses have been reported in
some parts of Uganda as a result of vegetation loss (forage source)
due to effects of bush burning [27]. Decline in honeybee forage
sources could have profound impacts on honeybee colony strength

in thick vegetation could have higher colony strength than those in
sparse vegetation due to a favourable micro climate, this study did
not find any significant variation in colony strength with vegetation
cover.

Chahbar[30]whileassessinghoneyproductionin South Western
Ethiopia found out that moveable frame hives have significantly
stronger colonies than fixed comb hives. The architecture of the
different bee hive types may differ but honeybees have mechanisms
of manipulating conditions within the hives [31] which could
be the reason why there was no variation in colony strength
and productivity with the type of bee hive used. There has been
contradicting results on the honeybee productivity using different
types of bee hives. For example, Kinati [32] found out that moveable
top bar and frame hives were more productive than traditional bee
hives. Muli [33] also stated that the Langstroth hives yield honey
compared to the traditional bee hives in Kenya. However, this was
not the case in this study probably because we did not measure
yields. There is need for a longer study to investigate the seasonal
changes in colony strength in the different AEZs of Uganda. From
the results obtained, it can be seen that the colony strength and
productivity in all the AEZs was low. Chemurot [34] while assessing
honey production levels of honeybees in one of the AEZs of Uganda
found that honey production per hive was generally low which is in
agreement with the results of this study. Improved colony strength
and productivity can be achieved through good apiary management
practices and pest and disease control [8].

Honeybees with strong colonies have been found to have
good hygienic behaviour [35,36] which is good for quality honey
production. Strong honeybee colonies are also known to provide
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good defence against honeybee pests [37]. Some reasons put
forward for low honeybee colony strength and productivity in
Uganda include poor apiary management [38]. However, honeybee
colony strength and productivity in Uganda can be improved by
practicing good apiary management, bee forage improvement and
optimizing the carrying capacity in a particular place [39].

Conclusion

a) Most productive honeybee colonies with high colony
strength in Uganda are found in the Mid North agro-ecological
zone.

b) There was no difference in the colony strength and
productivity between A. m. adansonii and A. m. Scutellata

c¢) Vegetation cover does not influence colony strength and
productivity because not all the plants that constitute the
vegetation cover provide good source of nectar and pollen
required for the colony growth.

Recommendations

Government and development partners promoting beekeeping
in Uganda should put more efforts and resources to develop
beekeeping in the Mid North agro-ecological zone in order to
realize the potential from the industry and raise more income to the
farmers and the country at large. Further investigations into factors
influencing colony strength and productivity should be conducted
over a long period of time.
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